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7Chapter 

aGe, aLe, raGe, and Disease—a 
Food perspective

Stig Bengmark

7.1 MaiLLarD proDuCts iMprove paLatabiLity, but …

Humans have known for thousands of years that heating the food we eat to higher 
temperatures will improve both its taste and smell. High temperature makes food 
proteins change structure—coagulate, aggregate, and produce crusts—information 
that modern food chemists, chefs, and cooks use every day to produce new delicious 
foods. The French biochemist Louis-Camille Maillard explored and published in 
1912 a description of the chemical processes that occur in foods during heating,1 an 
achievement for which he received the distinguished prize of the French Medical 
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Academy in 1914. The process has ever since been referred to as the Maillard reac-
tion and its products collectively named Maillard products. During the process, so-
called reducing sugars; fructose, glucose, glyceraldehyde, lactose, arabinose, and 
maltose will bind to amino acids and nucleic acids, both DNA and RNA, peptides, 
and proteins, and produce compounds usually called Amadori products, which with 
time undergo complex changes: cyclization, dehydration, oxidation, condensation, 
cross-linking, and polymerization to form irreversible chemical products. In particu-
lar, reactive carbonyls such as glyoxal and methylglyoxal have been found to rapidly 
modify reactive side chains of proteins. Important amino acids such as lysine (essen-
tial amino acid) and histidine (essential for children) are often involved. During the 
heating process thousands of good-tasting and good-smelling volatile compounds 
are released in addition to significant amounts of pigments (melanoids) that often 
make the food or parts of the food brown or black, which is why sometimes the 
process is referred to as “browning.” Common browning products are bread crusts 
and the roasted surface of fried meat and fish. All sorts of broths, irrespective of 
vegetable or animal origin, Chinese soy, Balsamico products, smoked foods are rich 
in brown/black Maillard products. But not all Maillard products are dark in color. 
White Maillard products also exist; common examples are diary products, especially 
cheese and powdered milk. It was early suggested that the Maillard process might 
be negative to health, at least when its products are consumed in larger amounts, as 
these products will accumulate in the body, sometimes for the rest of life, but also 
because the process might reduce the supply to the body of important and essential 
amino acids.

7.2 heatinG, reDuCtion oF antioxiDants, anD 
aCCuMuLation oF MaiLLarD proDuCts

Most of the well-known plant antioxidants are inactivated at temperatures 
between 30°C and 100°C. Antioxidants in common food oils such as olive and 
rapeseed oil will start disappearing at temperatures around 30°C. Heating to higher 
temperatures, as almost always occurs with microwaving, eliminates almost all anti-
oxidants. The production of Maillard products occurs much in parallel to reduction 
of the content of antioxidants in foods, and accelerates dramatically, almost expo-
nentially, as the temperatures are elevated above 100°C.

Maillard products based on association of carbonyl groups in sugars and proteins 
have in more recent years been collectively called advanced glycation end products 
(AGEs). Similar products are often formed between reactive fatty acids and proteins, 
referred to as advanced lipoxidation end products (ALEs). A long list of such syn-
thetic products are identified, and two to three previously unknown such compounds 
are added to the list each year. Commonly studied AGEs/ALEs are pentosidine, Nε

-carboxymethyl)lysin (CML) and Nε-(carboxyethyl)lysin (CEL).
It is important to observe that the production of both AGEs and ALEs is not at 

all dependent on enzymes. The intensity in production increases, not only with the 
increase in temperature, but also with the length of storage at elevated temperatures, 

AU: symbol okay?
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and this already at room temperature. Other industrial processes commonly used 
by food industry, such as irradiation, ionization, microwaving, smoking, also sig-
nificantly contribute to increased production of AGEs/ALEs. No foods seem to be 
excluded; industrial treatment of plant products (roasting, drying, “curing”) will con-
tribute to increased amounts of AGEs/ALEs in foods to the same extent as animal 
products. Fresh tobacco leaves, fresh coffee beans, fresh peanuts are extremely rich 
in powerful antioxidants, which totally disappear during the industrial process (“cur-
ing,” roasting) and are replaced by larger amounts of AGEs/ALEs. As the tempera-
ture increases above 100°C, carcinogens, especially heterocyclic amines, are also 
produced, a production that also increases dramatically with higher temperatures.

AGEs/ALEs do not reach the body exclusively through the food we eat; these 
compounds are also produced spontaneously in the body, especially with elevated 
levels of sugars and fatty acids in body fluids and tissues. Accumulation in the body 
of late Maillard products—AGEs/ALEs—is generally regarded as irreversible; what 
is accumulated will stay more or less forever. The observation that these substances 
are found in larger amount has commonly been regarded as an expression of normal 
aging. However, it might not be so. Instead, it might depend mainly on lifestyle and 
thus in theory be preventable. Large to extreme increases in content of AGEs/ALEs 
are regularly observed in body fluids and tissues of patients with chronic diseases, 
particularly in diabetes and chronic renal diseases, especially so in those suffering 
complications such as patients with diabetes with reduced wound healing,2 neph-
ropathy,3 and angiopathy.4,5 Advanced accumulation of AGEs/ALEs in tissues often 
occurs as amyloid,6 fibrillary tangles,6,7 or similar deposits. Such structures were 
long regarded as degenerative but biologically inert structures. However, increas-
ing evidence supports the conclusion that these structures are foci with very strong 
proinflammatory potential, capable of maintaining chronic inflammation at high 
level in the tissues.

7.3 introDuCtion oF MoLeCuLar bioLoGy 
ChanGeD the view oF aGes/aLes

Early on, Maillard had suggested that accumulation in the body of AGEs/ALEs 
could significantly contribute to progression in diseases such as diabetes and some 
chronic urogenital diseases, especially uremia. He created what he called “index of 
urogenital imperfection,” which he used to document an association between degree 
of accumulation in the body of Maillard products and severity of disease, especially 
chronic renal disease. However, the time was not yet ripe for such thinking and the 
concept was rejected by scientists and clinicians of that time and would remain so 
for several decades. With the introduction of modern molecular biology and par-
ticularly so with the identification of specific receptors in the body for these sub-
stances, human medicine became more seriously interested. Although identification 
by American Ann Marie Schmidt in 1992 of a specific receptor for AGEs/ALEs 
(RAGE) seems to be the turning point,8-11 it is only in the last few years that a wider 
interest in the concept has developed. Since the year 2000, several international 
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-carboxymethyl)lysin (CML) and Nε-(carboxyethyl)lysin (CEL).
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scientific organizations have demonstrated a significantly increased interest in the 
concept, and new societies have even been founded with the main goal to investi-
gate the effects on health and well-being of AGEs/ALEs in foods. The New York 
Academy of Science appears to have taken the lead and a large number of scientific 
contributions about AGEs/ALEs are published each year in its annals. In excess of 
5000 titles about AGE and ALE are registered on PubMed, in addition to another 
14,000 titles about the glycated hemoglobin, HbA1c.

Several methods are available for measurement of content of AGEs/ALEs in 
body fluids and tissues: immunohistochemistry with polyclonal or monoclonal anti-
bodies, high-performance liquid chromatography (HPLC), and mass spectrography. 
A large proportion, but not all, of these substances are autofluorescing,12,13 even if 
not visible to the human eye. Often studied substances such as CML and CEL have 
no fluorescing ability or any color. Despite that, measuring fluorescence is an excel-
lent method especially for screening of individuals with suspected high levels of 
AGEs/ALEs in the body, but also for screening of foods suspected to be rich in these 
dysfunctioning proteins. The fluorescence has its maximum at wavelengths between 
350 and 440 nm.12

7.4 raGe: a reCeptor anD Master switCh—a 
Key aCtor in inFLaMMation

RAGE is a prominent member of what has been called the immunoglobulin 
superfamily of cell surface molecules. It is described as a “master switch” with the 
ability to coordinate the inflammatory reaction in the body. RAGE induces a long-
lasting activation of the proinflammatory transcription factor NF-κB and suppresses 
a series of endogenous autoregulatory functions.14–17 Increased deposition of AGEs/
ALEs in tissues is suggested as a key element in the development of metabolic syn-
drome.18,19 AGE/ALE accumulation and subsequent activation of RAGE are reported 
to induce a significant downregulation of leptin in adipose cells.20 Pronounced effects 
of RAGE activation are often observed on endothelial cells, where increased expres-
sion of a long row of molecules such as VCAM-1, ICAM-1, E-selectin, eNOS, TGF-
β. TNF-α, IL-6, PAI-1, and VEGF are induced.21 Strong RAGE-induced effects are 
often reported on immune cells, macrophages,22 and dendritic cells,23,24 as well as 
on smooth muscle, particularly in the walls of blood vessels, under the mucosa and 
in the skin,25 and associated with subsequent reduction in regenerative capacity and 
function of the cells, increased blood pressure, and with development of chronic 
diseases or exacerbation of complications to chronic diseases.26

AGEs/ALEs accumulated in endothelial cells can be significantly reduced by 
control of intake of foods rich in these substances. The situation is different in tissues 
with low regenerative capacity and long life length such as myelin- and collagen-rich 
structures, where the substances risk staying forever: brain, peripheral nerves, skel-
eton muscles, tendons, joints, skin, and eye, especially the lens. More recent research 
has demonstrated the existence of an endogenous soluble form of RAGE called 
sRAGE, which acts as a decoy for RAGE and prevents accumulation of RAGE in 

62131_C007.indd   140 4/2/09   1:54:53 PM



age, aLe, rage, and disease—a food PersPective 141

body tissues,27 and studies suggest that chronic diseases are associated not only with 
increased levels of RAGE in the body, but also, and probably as important, with low 
levels of sRAGE.

7.5 Many aCtors in the inFLaMMation orChestra

The largest part of the immune system, in contrast to what was earlier believed, 
is to be found in the gastrointestinal system (Figure 7.1), which explains why the food 
we eat has such a dominating influence on our well-being and health.28 Apart from 
AGEs/ALEs, many other food-related factors influence the level of inflammation in 
the body and thus our health and well-being. Some evidence suggests that these fac-
tors are additive and that they collectively contribute to the sustained, long-lasting, 
but often discrete and unrecognized, exaggerated level of inflammation in the body, 
which is common to most chronic diseases. Among these factors are the following:

Low LEVEL of vitamin D in the body•	 . A strong correlation among the level of vita-
min D in the body, the degree of inflammation, and the incidence of chronic diseases 
has been observed. Individuals living at higher latitudes, northern Scandinavia, 
Russia, and Canada, are reported to have generally lower levels of vitamin D in 
serum, especially during the winter season, which is associated with the observed 
higher incidence of coronary-vascular diseases in these regions and is suggested 
to contribute to the higher incidence of acute coronary events during the winter 
months in these countries.29,30

Low levels in the body of antioxidants such as folic acid and glutathione and •	
increased levels of homocysteine. Figure 7.2 illustrates the central role of folic acid 
and glutathione in prevention of accumulation of homocysteine in the body,31 a 
substance regularly associated with increased levels of systemic inflammation and 
chronic diseases.
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Figure 7.1  distribution of the immune system within the body. (adapted from brandzaeg  
P. et al.28)
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Impaired hormonal homeostasis. •	 Aging, as well as chronic diseases, is often 
accompanied by hormonal disturbances, and aging was recently referred to as a 
state of “hormonal chaos.”32 Hormonal disturbances accompanied by increased 
oxidative stress/increased release of free radicals, intracellular accumulation of 
“waste products,” inhibition of apoptosis, disturbed repair mechanisms, reduced 
gene polymorphism, premature shortening of telomeres, reduced immune defense, 
and reduced resistance to disease are often observed in premature aging as well 
as in several chronic diseases.32 17β-Estradiol has been shown to induce a strong 
activation of RAGE mRNA in endothelial cells, an effect that is abolished by 
supply of an antiestrogen such as 4-OH tamoxiphen.33,34 An impaired hormonal 
homeostasis is suggested to explain why chronic diseases are often aggravated dur-
ing pregnancy, especially vascular and eye complications to diabetes.34 Physical 
as well as mental stress contributes to activation of RAGE, and increased release 
of noradrenaline is reported to reduce immune defense and increase the sensibil-
ity to acquire infections with up to 4 logs.35 Increased release of noradrenaline in 
the intestine will dramatically reduce the beneficial intestinal flora and increase 
the virulence of potentially pathogenic microorganisms, changes that most likely 
contribute to increased RAGE activation.36,37 Permanently increased levels of 
noradrenaline are also observed in a chronic disease such as Alzheimer’s disease 
and reported to correlate with the severity of disease.38 Parathyroid hormones 
constitute another example of hormones deeply involved in the inflammatory pro-
cess, and significant elevations in IL-6s is observed in hyperparatyroidism (up to 
16 times) but also in other conditions with a high level of systemic inflammation 
such as obesity.29 Figure 7.3  Mortality in breast cancer in a country related to the mean intake of saturated fat 

in the same country. (adapted from carroll kk.44)
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Figure 7.2  Mechanism through which homocysteine contributes to increased risks of chronic 
diseases with emphasis on the role of folic acid, vitamin b6, and vitamin b12. 
(adapted from Mattsson MP.31)
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Angiotensin/rennin. •	 It is well documented that release of angiotensin is signifi-
cantly associated with oxidative stress, increased levels of free fatty acids in serum, 
and with reduction in beta cell function in diabetes.39–41 Recent studies demonstrate 
that blockage of the angiotensin receptor will reduce production and accumulation 
of AGE both in vitro and in vivo.41

Larger intake of glutenoids.•	  Glutenoids are increasingly regarded as proinflamma-
tory in the body (Tlaskalová-Hogenová H, personal communication), even in the 
absence of intestinal changes.42,43

Low intake of plant antioxidants•	
High intake of carbohydrates•	
High intake of saturated and trans-fatty acids.•	  A strong association has repeatedly 
been documented between the average content of fat in food and the morbidity and/
or mortality in chronic diseases in a country, as demonstrated for breast cancer in 
Figure 7.3,44 but also reported for various other cancers and chronic diseases such 
as coronary heart disease45,46 and diabetes.47 As more than three-fourths of the con-
sumed saturated fat is of bovine origin, similar curves are also reported that corre-
late amount of intake of dairy products to incidence of various chronic diseases.48
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7.6 DraMatiC aLterations in FooD habits

The incidence of most chronic diseases has dramatically increased during the 
last 150 years, much in parallel with a significantly altered intake of foods. The 
annual per person intake of saturated fat has doubled, the intake of omega-3 fatty 
acids has decreased by about 50 percent, and intake of omega-6 fatty acids more 
than doubled since the year 1850 (Figure 7.4).49 During the same time period, the 
intake of refined sugar has increased from 0.5 kg to almost 50 kg per person per 
year. To this shall be added a recent and fast increase in intake of high-fructose 
corn syrup, mainly used in carbonated drinks and fast foods, an intake which today 
in the United States exceeds that of sucrose.50 Much can be learned from studies in 
Japan, a country that has gone through identical changes in food habits in no more 
than 50 years and, during this time period, has seen a manifold increase in the inci-
dence of several chronic diseases. The incidence of prostatic cancer, for example, 
has increased 25 times during this 50 year period, much in parallel with an increase 
in intake of industrially produced agricultural foods: egg 7 times, meat 9 times, and 
dairy products 20 times.48

The annual per cow production of milk has in the Western world during the 
last 150 years increased up to 50 times. In addition, modern milk is today heated 
to high temperature before it is delivered to the consumer. Although consumption 
of drinking milk has decreased significantly during the last 50 years in Western 
countries (United States: from 144 L in 1950 to 92 L per person per year in 2000), 
the consumption of cheese has instead quadrupled (from 4 kg in 1950 to 15 kg in 
the United States and 19 kg in the European Union per person and year in 2000), 
to a large extent due to extensive use of cheese products in fast foods: pizza, tacos, 
nachos, salads, fast-food sandwiches, and sauces for potatoes and vegetables. But it 
is in intake of powdered milk that the largest increases has occurred; powdered milk 
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Figure 7.4  changes in intake of fat in the Western world during the 40,000 years of human 
existence on earth. (adapted from Leaf a, Weber Pc.49)
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is today used in most industrially produced foods as reconstituted milk, in bread and 
bakery products, chocolate, ice cream, and hundreds of other common foods, but 
also in baby formulas and clinical nutrition formulas.

Commonly, 10 to 20 percent, but sometimes up to 70 percent, of the amino acid 
lysine is reported to be modified during common industrial treatment of milk (ster-
ilization, pasteurization, irradiation, etc.). Fructoselysine is the dominating modified 
molecule, but CML and pyrraline are also usually produced during processing of 
milk. The sugar content, level and time of elevated temperature, and storage time 
are the main factors behind increased production of AGEs/ALEs in milk products. 
Figure 7.5 demonstrates the influence of various industrial treatments on the content 
of the AGE furosine in various milk products including powdered milk.51

7.7 aniMaL FeeDs have ChanGeD in paraLLeL 
with huMan FooD ChanGes

Not only human food but also animal feeds have undergone dramatic altera-
tions during the twentieth century, from mainly forage-based feeds containing more 
starch-rich and fast-absorbed carbohydrates: corn, maize grains, barley, molasses, 
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Figure 7.5  relative furosine content in various milk-based products. key: a, powdered milk 
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and dextrose. Modern industry can produce a pig weighing 100 kg in less than half 
a year in contrast to about 2 years in the past and, as already mentioned, can drasti-
cally increase the cow’s production of milk. However, as in humans, such “force-
feeding” will most likely induce insulin resistance in animals and, if the animals 
were allowed to live long enough, manifest diabetes. Insulin resistance is also 
reported in intensively milk- and lactose-fed calves.53 High levels of proinflamma-
tory cytokines and various stress hormones are regularly registered in intensively 
fed animals. However, no information was found regarding whether or not such mol-
ecules can be transferred to humans by the food we eat. It is suggested that larger 
intake of hormone-rich foods, especially dairy products, might explain the reduced 
age of first menstruation in girls from approximately 17 years of age 200 years ago 
to the current about 12 years, and be responsible for shorter menstruation periods 
and later menopause among Western women. About 80 percent of milk consumed 
today, much in contrast to the old days, comes from pregnant cows, and is thus rich 
in various hormones, especially sex hormones.53 This is especially so for condensed 
products such as butter, cheese, and most likely also powdered milk. As this problem 
is increasingly observed, “hormone-free” milk has become available in such coun-
tries as the United States.

7.8 Diseases assoCiateD with hiGh 
tissue LeveLs oF aGes/aLes

Increased levels of various AGE/ALE-substances in the body are reported in 
almost all chronic diseases ,from allergy and Alzheimer’s disease to paradontosis, 
polycystic ovary syndrome, and various urogenital diseases, particularly uremia 
(Table 7.1). An association with dairy products is this far reported in significantly 
fewer such conditions, but is reported in allergy,84 coronary heart disease,85,86 and 
diabetes,87–89 Parkinson’s disease,90 and various cancers such as breast,48,91 pros-
tatic,92,93 testicular,92 and ovarian94,95 malignancies. Increasing evidence also sug-
gests that reduced bone density and osteoporosis are not, as believed in the past, 
dependent on deficiency in minerals, but instead are a result of increased inflam-
mation in the body, which explains the high incidence of osteoporosis in patients 
with chronic diseases. High levels of AGE/ALE in the body are also reported in 
patients with osteoporosis.75,75 A recent American study reported reduced bone 
density in older women consuming more than three cola drinks per week com-
pared to matched controls consuming similar amounts of other carbonated soft 
drinks.96 This becomes especially interesting when considering that cola drinks, 
much in contrast to other soft drinks, are rich in AGE. Increased AGE/ALE levels 
are also reported in other disease conditions with obscure etiology such as rupture 
of the Achilles’ tendon and fibromyalgia.54,72 The mouth reflects the health status 
of the body to a large extent, and paradontosis, frequently seen in patients with 
chronic diseases, is clearly associated with elevated inflammation in the body and 
elevated levels of AGE/ALE.77 It would not be a surprise if the lowest levels of 
AGE/ALE are to be found in the group referred to as raw eaters, but this group has 
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attracted few studies and none with regard to the content of AGEs/ALEs. However, 
it has been demonstrated that vegans, much in contrast to meat eaters and lacto 
vegetarians, have significantly lower levels of AGEs/ALEs in the body. As a matter 
of fact, it has been shown that lacto vegetarians have even higher levels of AGEs/
ALEs in the body than meat eaters,97 which might be explained by a higher intake 
of dairy products, especially cheese, but might also be influenced by a higher 
intake of fructose. Significant health advantages are reported for vegans, when 
compared to the other groups: statistically significantly lower levels of proinflam-
matory molecules such as cytokines and acute phase proteins, lower systolic and 
diastolic blood pressure, lower total cholesterols, lower low-density lipoprotein 
(LDL)-cholesterols, lower fasting blood sugar and triglycerides, and lower inci-
dence of chronic diseases, especially diabetes and complications to diabetes.

7.9 FooDs riCh in aGes/aLes

This far, the information regarding AGE/ALE content in foods is incomplete. 
However, an international association has recently been formed with the goal of 
filling this gap. Leading universities around the world are building institutions 
for studies of nutragenomics, for example, how various food ingredients affect 
our health. However, from existing information it is clear that dysfunctioning 
proteins are especially rich in foods that have been subjected to industrial pro-
cessing. Table 7.2 provides guidance on foods expected to contain larger amounts 
of AGEs/ALEs.

table 7.1 Diseases associated with high Levels in the body of aGes/aLes

ref. ref.

achilles tendon rupture 54 down’s syndrome 70

aging 55 familiar amyloidotic polyneuropathy 71

allergy 56 fibromyalgia 72

autoimmune diseases 57 glaucoma 62

alzheimer´s disease 58 Huntington’s disease 73

amyotrophic lateral sclerosis 59 Macula degeneration 62

atherosclerosis 60 Liver cirrhosis 74

cardiovascular disease 61 osteoporosis 75, 76

cataract 62 Paradontosis 77

chronic endocrine disorders 63 Parkinson’s disease 78, 79

chronic lung diseases 64 Polycystic ovarial syndrome 80

chronic renal diseases 65 rheumatoid arthritis 81, 82

creutzfeldt-Jakob’s disease 66 stroke 83

cystic fibrosis 67 Uremia 21

diabetes 68, 69
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7.10 prevention anD treatMent oF aGe/aLe aCCuMuLation

Several pharmaceuticals, especially those used for treatment of diabetes, are 
reported to reduce the content of AGEs/ALEs in the body, at least in short-lived tis-
sues, that is, tissues with high turnover. Significant reduction in body content of AGE/
ALE in comparison to controls (eating standard Western food) is observed in indi-
viduals who practiced caloric restriction (CR, they eat only two-thirds of what they 
would like to) for more than 2 years, which is also accompanied by significant health 
advantages compared to matched controls: lower blood pressure (102/61 ± 7 vs. 131/83 
mm Hg), and lower levels of markers of inflammation such as CRP (0.3 vs. 1.9 mg/L), 
TNF-α (0.8 vs. 1.5 pg/mL), and TGF-β (29.4 vs. 35.4 ng/mL).99 Elevated RAGE and 
low sRAGE is reported in patients with active rheumatoid arthritis (RA), but patients 
with RA practicing CR for about 2 months are reported to have lower levels of pento-
sidine (an often measured AGE) in urine, as well as lower disease activity.100

table 7.2 Foods reported to Contain Larger amounts of aGes/aLes

Dairy products especially powdered milk ice cream•	
baby formulas •	
clinical nutrition solutions•	

Cheese: 
pizza•	
tacos•	
nachos•	
salads•	
fast-food sandwiches and sauces•	
brown cheeses (norwegian brunost)•	

Grains, cereals, bakery products toasted bread•	
bread crusts•	
crisp breads•	
pretzel (500 kU/portion)•	
rice crispies (600 kU/portion)•	
biscotti (1000 kU/portion)•	

Meat, poultry and fish content increases as one goes from boiling 
to oven frying: 

boiling (1000 kU/serving)•	
roasting (4300 kU/serving)•	
broiling (5250 kU/serving)•	
deep frying (6700 kU/serving)•	
oven frying (9000 kU/serving); •	

see goldberg t et al.98

egg yolk powder, lecithin powder

Coffee especially dark roasted•	
Dark hard-cured teas•	
roasted and salted peanuts•	
Dark and sugar-rich alcoholic •	
beverages
broth•	
Chinese soy•	
balsamic-vinegar•	
smoked foods•	
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Rich supply of vitamins such as A, B, especially B6 and B12, C, D, E, and K 
as well as glutathione and folic acid is often emphasized.31,101,102 A long line of 
plant antioxidants, particularly those collectively defined as polyphenols, with 
documented up to 10 times stronger oxidation-quenching properties than con-
ventional vitamins have been shown to have strong chemopreventive abilities, 
strong ability to prevent accumulation in the body of AGEs/ALEs, significant 
ability to reduce inflammation in the body and to prevent reduction in organ 
function and premature aging.103–105 Such plant antioxidants exist in nature in 
many thousands of different compounds, most likely hundreds of thousands; of 
flavonoids alone, more than 4,000 have been identified and of carotenoids almost 
1,000. Table 7.3 summarizes some of the most well-known and studied such 
plant antioxidants. Supplementing histidine, taurine, carnetine, and carnosine 
has also been reported to have AGE/ALE-protecting abilities.106,107 No vegetar-
ian food with the exception of certain algae contains any taurine. This important 
amino acid is obtained only from eating animal-derived foods—meat, poultry, 
and fish.

7.11 intestinaL FLora anD probiotiCs oF Great iMportanCe

Most of the above-mentioned substances will need assistance from microbial 
enzymes for their release from foods and absorption into the body. A rich intes-
tinal flora is regarded necessary for release and absorption of various important 

table 7.3  plant antioxidants with Chemoprotective effects on the body; reduction 
in accumulation of ages/ales and Downregulation of the rage receptor 
Function

isothiocyanates in •	 cruciferous vegetables

aanthocyanins and hydroxycinnamic acids in •	 cherries

eepigallocatechin-3-gallate (egcg) in •	 green tea

chlorogenic acid and caffeic acid in •	 coffee beans and tobacco leaves

capsaicin in •	 hot chili peppers

chalcones in •	 apples

euginol in •	 cloves

gallic acid in •	 rhubarb

Hisperitin in •	 citrus fruits

naringenin in •	 citrus fruits

kaempferol in •	 white cabbage

Myricetin in •	 berries

rutin and quercetin in •	 apples and onions

resveratrol and other procyanidin dimmers in •	 red wine and virgin peanuts

various curcumenoids in main yellow pigments in •	 turmeric curry foods

daidzein and genistein in •	 soy beans

AU: please review 
Table 7.3. It was 
poorly structured.
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antioxidants. However, the increased intake of refined food and deficient intake of 
fresh fruits and vegetables among Westerners has led to a significant reduction in 
both density and diversity of the flora. This reduction is especially pronounced for 
strong fiber-fermenting lactic acid bacteria (LAB) such as Lactobacillus plantarum 
and L. paracasei; 75 percent of omnivorous Americans and 25 percent of vegetar-
ians in the United States lack L. plantarum.108 A more recent Scandinavan study 
found L. plantarum in only 52 percent and L. paracasei in only 17 percent of healthy 
individuals.109 This information is particularly interesting as L. plantarum and L. 
paracasei belong to the small group of intestinal bacteria with ability to break down 
semiresistant fibers such as inulin,110 reduce inflammation, reduce infection, and 
eliminate pathogenic bacteria such as Clostridium difficile.111 Some LAB may well 
have the ability to eliminate AGEs/ALEs from foods, similar to what has been dem-
onstrated for gluten112 and heterocyclic amines.113 In vitro studies have shown that 
fructoselysine, the dominating AGE in heated milk, can be effectively eliminated 
when incubated with fresh intestinal flora.114

7.12 Future aspeCts

Recent studies in the United States demonstrate an 83 percent reduction in rate 
of coronary heart disease,115 a 91 percent reduction in diabetes in women,116 and a 
71 percent reduction in colon cancer in men117 in patients adhering to what today is 
regarded as an “healthy lifestyle”: no use of tobacco, moderate use of alcohol, regular 
physical exercise, and controlled eating. To this four factors should be added control 
of stress. Numerous studies demonstrate that both physical and mental stress increase 
the degree of inflammation in the body and activate RAGE.118–120 It is likely that con-
trol of both intake and endogenous production of AGEs/ALEs might further add to a 
healthy lifestyle and further improve health and well-being. It is unfortunate that only 
a small fraction of us will give priority to issues related to active control of health and 
prevention of disease. A recent study in the United States suggests that only a small 
minority of 3 percent adhere to the four principles mentioned above.121 Among these 
are mainly individuals who are otherwise fortunate in life, have a higher education, 
and a good financial status. Those who have low income and low level of education, 
including their children, are reported to be about 50 percent more unhealthy.

Too long have we ignored measures to control health by referring to the impor-
tance of genetic factors, which we thought we could not do much about. However, the 
message from numerous studies in monocygotic twins and in immigrants, especially 
Japanese and Italians, where one immigrated to the United States while the other 
remained in the home country is clear: lifestyle is significantly more important for 
health than genetic inheritance. The message from the winners of the 2006 Nobel 
prize in medicine and physiology is encouraging: it might well be possible to silence 
genes which might have a negative influence on health. Increasing evidence sug-
gests that control of exaggerated systemic inflammation in the body is of the greatest 
importance for sustained health. For this, diet is a necessary, easily accessible, and 
most powerful tool.

62131_C007.indd   150 4/2/09   1:55:01 PM



age, aLe, rage, and disease—a food PersPective 151

reFerenCes

 1. Maillard LC Action des acids amine sur des sucres: formation des melanoides per voie 
methodique. C R Acad Sci 1912;154:66–68.

 2. Peppa M, Brem P, Ehrlich J et al. Adverse effects of glycotoxins on wound healing in 
genetically diabetic mice. Diabetes 2003;52:2805–2813.

 3. Zheng F, He C, Cai W et al. Prevention of nephropathy in mice by a diet low in glycoxi-
dation products. Diabetes Metab Res Rev 2002;18:224–237.

 4. Vlassara H, Cai J, Crandall J et al. Inflammatory mediators are induced by dietary 
glycotoxins, a major risk factor for diabetic angiopathy. Proc Natl Acad Sci U S A 
2002;99:15596–15601.

 5. Lin RY, Choudhury W, Cai W et al. Dietary glycotoxins promote diabetic atherosclero-
sis in apolipoprotein E-deficient mice. Atherosclerosis 2003;168:213–220.

 6. Smith MA, Taneda S, Rickey PL et al. Advanced Maillard reaction end products are asso-
ciated with Alzheimer pathology. Proc Soc Natl Acad Sci U S A 1994;91:5710–5714.

 7. Vitek MP, Bhattacharya K, Gendening JM et al. Advanced glycation end prod-
ucts contribute to amyloidosis in Alzheimer disease. Proc Soc Natl Acad Sci U S A 
1994;91:4766–4770.

 8. Schmidt A-M, Vianna M, Gerlach M et al. Isolation and characterization of binding 
proteins for advanced glycosylation endproducts from lung tissue which are present on 
the endothelial cell surface. J Biol Chem 1992;267:14987–14997.

 9. Schmidt A-M, Yan SD, Brett J et al. Regulation of mononuclear phagocyte migration 
by cell surface binding proteins for advanced glycosylation endproducts. J Clin Invest 
1993;92:2155–2168.

 10. Schmidt A-M, Mora R, Cao R et al. The endothelial cell binding site for advanced glyca-
tion endproducts consists of a complex: An integral membrane protein and a lactoferrin-
like polypeptide. J Biol Chem 1994;269:9882–9888.

 11. Schmidt A-M, Hasu M, Popov D, et al. The receptor for Advanced Glycation Endproducts 
(AGEs) has a central role in vessel wall interactions and gene activation in respons to 
AGEs in the intravascular space. PNAS(USA) 1994;91:8807–8811.

 12. Meerwaldt R, Links Th, Graaff R, et al. Simple noninvasive measurement of skin auto-
fluorescence. Ann N Y Acad Sci 2005;1043:290–298.

 13. Meerwaldt R, Hartog JW, Graaff R et al. Skin autofluorescence, a measure of cumulative 
metabolic stress and advanced glycation end products, predicts mortality in hemodialy-
sis patients. J Am Soc Nephrol 2005;16:3687–3693.

 14. Schmidt A-M, Yan SD, Yan SF, Stem DM. The multiligand receptor RAGE is a pro-
gression factor amplifying immune and inflammatory responses. J Clin Invest 
2001;108:949–955.

 15. Bierhaus A, Schiekofer S, Schwaninger M et al. Diabetes-associated sustained activa-
tion of the transcription factor nuclear factor–κB. Diabetes 2001;50:2792–2808.

 16. Bierhaus A, Humpert PM, Stern DM et al.. Advanced glycation end product receptor-
mediated cellular dysfunction. Ann N Y Acad Sci 2005;1043:676–680.

 17. Vlassara H. Advanced glycation in health and disease. Role of the modern environment. 
Ann N Y Acad Sci 2005;1043:452–460.

 18. Koyama H, Shoji T, Yokoyama H et al. Plasma level of endogenous secretory RAGE is 
associated with components of the metabolic syndrome and atherosclerosis. Arterioscler 
Thromb Vasc Biol 2005;25:2587–2593.

62131_C007.indd   151 4/2/09   1:55:01 PM



152 Handbook of Prebiotics and Probiotics ingredients

 19. Soldatos G, Cooper ME, Jandeleit-Dahm KA. Advanced-glycation end products in insu-
lin-resistant states. Curr Hypertens Rep 2005;7:96–102.

 20. Unno Y, Sakai M, Sakamoto Y et al. Advanced glycation end products-modified proteins 
and oxidized LDL mediate down-regulation of leptin in mouse adipocytes via CD36. 
Biochem Biophys Res Commun 2004;325:151–156.

 21. Bohlender JM, Franke S, Stein G, Wolf G. Advanced glycation end products and the 
kidney. Am J Physiol Renal Physiol 2005;289:F645–659.

 22. Sunahori K, Yamamura M, Yamana J et al. Increased expression of receptor for advanced 
glycation end products by synovial tissue macrophages in rheumatoid arthritis. Arthritis 
Rheum 2006;54:97–104.

 23. de Leeuw K, Kallenberg C, Bijl M. Accelerated atherosclerosis in patients with systemic 
autoimmune diseases. Ann N Y Acad Sci 2005;1051:362–371.

 24. Ge J, Jia Q, Liang C et al. Advanced glycosylation end products might promote ath-
erosclerosis through inducing the immune maturation of dendritic cells. Arterioscler 
Thromb Vasc Biol 2005;25:2157–2163.

 25. Aronson D. Cross-linking of glycated collagen in the pathogenesis of arterial and myo-
cardial stiffening of aging and diabetes. J Hypertension 2003;21:3–12.

 26. Monnier VM, Sell DR, Genuth S. Glycation products as markers and predictors of the 
progression of diabetic complications. Ann N Y Acad Sci 2005;1043:567–581.

 27. Bierhaus A, Humpert PM, Morcos M, Understanding RAGE, the receptor for advanced 
glycation end products. J Mol Med 2005;83:876–886.

 28. Brandtzaeg P, Halstensen TS, Krajci P et al. Immunobiology and immunopathol-
ogy of human gut mucosa: Humoral immunity and intraepithelial lymphocytes. 
Gastroenterology 1989;97:1562–1584.

 29. Zittermann A, Schleithoff SS, Koerfer R. Putting cardiovascular disease and vitamin D 
insufficiency into perspective. Br J Nutr 2005;94:483–492.

 30. McCarty MF. Secondary hyperparathyroidism promotes the acute phase response—A 
rational for supplementing vitamin D in prevention of vascular events in elderly. Medical 
Hypotheses 2005;64:1022–1026.

 31. Mattsson MP. Will caloric restriction and folate protect against AD and PD? Neurology 
2003;60:690–695.

 32. Hertoghe T. The “multiple hormone deficiency” theory of aging: Is human senes-
cence caused mainly by multiple hormone deficiencies? Ann N Y Acad Sci 
2005;1057:448–465.

 33. Yamagishi S, Fujimori H, Yonekura H et al. Advanced glycation end products inhibit 
prostacyclin production and induce plasminogen activator inhibitor-1 in human micro-
vascular endothelial cells. Diabetologica 1998;41:1435–1441.

 34. Suzuma K, Otani A, Oh H et al. 17-beta-Estradiol increases VEGF receptor-2 and pro-
motes DNA synthesis in retinal microvascular endothelial cells. Invest Ophthalmol Vis 
Sci 1999;40:2122–2129.

 35. Cooper EV. Gas gangrene following injection of adrenaline. Lancet 1946;247:459–461.
 36. Kinney KS, Austin CE, Morton DS, Sonnenfeld G. Norepinephrine as a growth stimu-

lating factor in bacteria—Mechanistic studies. Life Sci 2000;67:3075–3085.
 37. Alverdy JC, Laughlin RS, Wu L. Influence of the critically ill state on host-patho-

gen interactions within the intestine: Gut-derived sepsis redefined. Crit Care Med 
2003;31:598–607.

 38. Peskind ER, Elrod R, Dobie DJ et al. Cerebrospinal fluid epinephrine in Alzheimer’s 
disease and normal aging. Neurophycopharmacology 1998;19:465–471.

62131_C007.indd   152 4/2/09   1:55:01 PM



age, aLe, rage, and disease—a food PersPective 153

 39. Flyvbjerg A, Khatir DS, Jensen LJ et al. The involvement of growth hormone (GH), 
insulin-like growth factors (IGFs) and vascular endothelial growth factor (VEGF) in 
diabetic kidney disease. Curr Pharm Des 2004;10:3385–3394.

 40. Tikellis C, Cooper ME, Thomas MC. Role of the renin-angiotensin system in the endo-
crine pancreas: Implications for the development of diabetes. Int J Biochem Cell Biol 
2005;38:737–751.

 41. Allen TJ, Jandeleit-Dahm KA. Preventing atherosclerosis with angiotensin-converting 
enzyme inhibitors: Emphasis on diabetic atherosclerosis. Curr Drug Targets Cardiovasc 
Haematol Disord 2005;5:503–512.

 42. Brady J, Hoggan R. Dangerous Grains. Avery-Penguin Putnam, New York, 2002.
 43. Sbarbati A, Valleta E, Bertini M et al. Gluten sensitivity and “normal” histology: Is the 

intestinal mucosa really normal? Dig Liver Dis 2003;35:768–773.
 44. Carroll KK. Experimental evidence of dietary factors and hormone-dependent cancers. 

Cancer Res 1975;35:3374–3383.
 45. Artaud-Wild SM, Connor SL, Sexton G, Connor WE. Differences in coronary mortality 

can be explained by differences in cholesterol and saturated fat intakes in 40 countries 
but not in France and Finland. A paradox. Circulation 1993;88:2771–2779.

 46. Moss M, Freed DL. Survival trends, coronary event rates, and the MONICA 
project. Monitoring trends and determinants in cardiovascular disease. Lancet 
1999;354:862–865.

 47. Dahl-Jorgensen K, Joner G, Hanssen KF. Relationship between cows’ milk consump-
tion and incidence of IDDM in childhood. Diabetes Care 1991;14:1081–1083.

 48. Ganmaa D, Li XM, Wang J. Incidence and mortality of testicular and prostatic cancers 
in relation to world dietary practices. Int J Cancer 2002;98:262–267.

 49. Leaf A, Weber PC. Cardiovascular effects of n-3 fatty acids. N Engl J Med 
1988;318:549–557.

 50. Gaby AR. Adverse effects of dietary fructose. Altern Med Rev 2005;10:294–306.
 51. Baptista JAB, Carvalho RCB. Indirect determination of Amadori compounds in milk-

based products by HPLC/ELSD/UV as an index of protein detorioration. Food Res Int 
2004;37:739–747.

 52. Hostettler-Allen RL, Tappy L, Blum JW. Insulin resistance, hyperglycemia, and gluco-
suria in intensively milk-fed calves. J Anim Sci 1994;72:160–173.

 53. Malekinejad H, Scherpenisse P, Bergwerff AA. Naturally occurring estrogens in 
processed milk and in raw milk (from gestated cows). Agric Food Chem 2006; 54: 
9785–9791.

 54. Reddy GK. Cross-linking in collagen by nonenzymatic glycation increases the matrix 
stiffness in rabbit Achilles tendon. Exp Diabesity Res 2004;5:143–153.

 55. Ramasamy R, Vannucci SJ, Yan SS et al. Advanced glycation end products and RAGE: A 
common thread in aging, diabetes, neurodegeneration, and inflammation. Glycobiology 
2005;15:16R–28R.

 56. Tsukahara H, Shibata R, Ohta et al. High levels of urinary pentosidine, an advanced gly-
cation end product, in children with acute exacerbation of atopic dermatitis: Relationship 
with oxidative stress. Metabolism 2003;52:1601–1605.

 57. Kurien BT, Hensley K, Bachmann M, Scofield RH. Oxidatively modified autoantigens 
in autoimmune diseases. Free Radic Biol Med 2006;41:549–556.

 58. Moreira PI, Smith MA, Zhu X et al. Oxidative stress and neurodegeneration. Ann N Y 
Acad Sci 2005;1043:543–552.

62131_C007.indd   153 4/2/09   1:55:01 PM



154 Handbook of Prebiotics and Probiotics ingredients

 59. Kikuchi S, Shinpo K, Ogata A et al. Detection of N-(carboxymethyl)lysine (CML) 
and non-CML advanced glycation end products in the anterior horn of amyotrophic 
lateral sclerosis spinal cord. Amyotroph Lateral Scler Other Motor Neuron Disord 
2002;3:63–68.

 60. de Leeuw K, Kallenberg C, Bijl M. Accelerated atherosclerosis in patients with systemic 
autoimmune diseases. Ann N Y Acad Sci 2005;1051:362–371.

 61. Kilhovd BK, Juutilainen A, Lehto S et al. High serum levels of advanced glycation 
end products predict increased coronary heart disease mortality in nondiabetic women 
but not in nondiabetic men: A population-based 18-year follow-up study. Arterioscler 
Thromb Vasc Biol 2005;25:815–820.

 62. Stitt AL. The Maillard reaction in eye disease. Ann N Y Acad Sci 2005;1043:582–597.
 63. Diamanti-Kandarakis E, Piperi C, Kalofoutis A, Creatsas G. Increased levels of serum 

advanced glycation end-products in women with polycystic ovary syndrome. Clin 
Endocrinol (Oxford) 2005;62:37–43.

 64. Morbini P, Villa C, Campo I et al. The receptor for advanced glycation end prod-
ucts and its ligands: A new inflammatory pathway in lung disease? Mod Pathol 
2006;19:1437–1445.

 65. Thornalley PJ. Advanced glycation end products in renal failure. J Ren Nutr 
2006;16:178–184.

 66. Sasaki N, Takeuschi M, Choei H et al. Advanced glycation end products (AGE) and 
their receptor (RAGE) in the brain of patients with Creutzfeldt-Jacob disease with prion 
plaques. Neurosci Lett 2002;326:117–120.

 67. Foell D, Seeliger S, Vogl T et al. Expression of S100A12 (EN-RAGE) in cystic fibrosis. 
Thorax 2003;58:613–617.

 68. Wada R, Yagihashi S. Role of advanced glycation end products and their receptors in 
development of diabetic neuropathy. Ann N Y Acad Sci 2005;1043:598–604.

 69. Monnier VM, Sell DR, Genuth S. Glycation products as markers and predictors of the 
progression of diabetic complications. Ann N Y Acad Sci 2005;1043:567–581.

 70. Odetti P, Angelini G, Dapino D et al. Early glycoxidation damage in brains from Down’s 
syndrome. Biochem Biophys Res Commun 1998;243:849–851.

 71. Gomes R, Sousa Silva M, Quintas A et al. Argpyrimidine, a methylglyoxal-derived 
advanced glycation end-product in familial amyloidotic polyneuropathy. Biochem J 
2005;385:339–345.

 72. Hein G, Franke S. Are advanced glycation end-product-modified proteins of pathoge-
netic importance in fibromyalgia? Rheumatology (Oxford) 2002;41:1163–1167.

 73. Ma L, Nicholson LF. Expression of the receptor for advanced glycation end products in 
Huntington’s disease caudate nucleus. Brain Res 2004;1018:10–17.

 74. Ahmed N, Lüthen R, Häussinger D et al. Increased protein glycation in cirrhosis and 
therapeutic strategies to prevent it. Ann N Y Acad Sci 2005;1043:718–724.

 75. Hein G, Wiegand R, Lehmann G et al. Advanced glycation end-products pentosidine 
and N epsilon-carboxymethyllysine are elevated in serum of patients with osteoporosis. 
Rheumatology 2003;42:1242–1246.

 76. Odetti P, Rossi S, Monacelli F et al. Advanced glycation end products and bone loss 
during aging. Ann N Y Acad Sci 2005;1043:710–717.

 77. Lalla E, Lamster IB, Stern DM, Schmidt AM. Receptor for advanced glycation end 
products, inflammation, and accelerated periodontal disease in diabetes: Mechanisms 
and insights into therapeutic modalities. Ann Periodontol 2001;6:113–118.

 78. Castellani R, Smith MA, Richey PJ, Petty G. Glycoxidation and oxidative stress in 
Parkinson disease and diffuse Lewy body disease. Brain Res 1996;737:195–200.

62131_C007.indd   154 4/2/09   1:55:01 PM



age, aLe, rage, and disease—a food PersPective 155

 79. Dalfo E, Portero-Otin M, Ayala V et al. Evidence of oxidative stress in the neocortex in 
incidental Lewy body disease. J Neuropathol Exp Neurol 2005;64:816–830.

 80. Diamanti-Kandarakis E, Piperi C, Kalofoutis A, Creatsas G. Increased levels of serum 
advanced glycation end-products in women with polycystic ovary syndrome. Clin 
Endocrinol 2005;62:37–43.

 81. Hein GE, Kohler M, Oelzner P et al. The advanced glycation end product pentosidine 
correlates to IL-6 and other relevant inflammatory markers in rheumatoid arthritis. 
Rheumatol Int 2005;26:137–141.

 82. Sunahori K, Yamamura M, Yamana J et al. Increased expression of receptor for advanced 
glycation end products by synovial tissue macrophages in rheumatoid arthritis. Arthritis 
Rheum 2006;54:97–104.

 83. Zimmerman GA, Meistrell M, Bloom O et al. Neurotoxicity of advanced glycation end-
products during focal stroke and neuroprotective effects of aminoguanidine. Proc Natl 
Acad Sci U S A 1995;92:3744–3748.

 84. Rautava S, Isolauri E. Cow’s milk allergy in infants with atopic eczema is associated 
with aberrant production of interleukin-4 during oral cow’s milk challenge. J Pediatr 
Gastroenterol Nutr 2004;39:529–535.

 85. Artaud-Wild SM, Connor SL, Sexton G, Connor WE. Differences in coronary mortality 
can be explained by differences in cholesterol and saturated fat intakes in 40 countries 
but not in France and Finland. A paradox. Circulation 1993;88:2771–2779.

 86. Moss M, Freed DL. Survival trends, coronary event rates, and the MONICA 
project. Monitoring trends and determinants in cardiovascular disease. Lancet 
1999;354:862–865.

 87. Dahl-Jorgensen K, Joner G, Hanssen KF. Relationship between cows’ milk consump-
tion and incidence of IDDM in childhood. Diabetes Care 1991;14:1081–1083.

 88. Gimeno SG, de Souza JM. IDDM and milk consumption. A case-control study in Sao 
Paulo, Brazil. Diabetes Care 1997;20:1256–1260.

 89. Virtanen SM, Hypponen E, Laara E et al. Cow’s milk consumption, disease-asso-
ciated autoantibodies and type 1 diabetes mellitus: A follow-up study in siblings 
of diabetic children. Childhood Diabetes in Finland Study Group. Diabet Med 
1998;15:730–738.

 90. Park M, Ross GW, Petrovitch H et al. Consumption of milk and calcium in midlife and 
the future risk of Parkinson disease. Neurology 2005;64:1047–1051.

 91. Outwater JL, Nicholson A, Barnard N. Dairy products and breast cancer: the IGF-I, 
estrogen, and bGH hypothesis. Med Hypotheses 1997;48:453–461.

 92. Hjartaker A, Laake P, Lund E. Childhood and adult milk consumption and risk of pre-
menopausal breast cancer in a cohort of 48,844 women—The Norwegian women and 
cancer study. Int J Cancer 2001;93:888–893.

 93. Ganmaa D, Li XM, Qin LQ et al. The experience of Japan as a clue to the etiology of 
testicular and prostatic cancers. Med Hypotheses 2003;60:724–730.

 94. Larsson SC, Bergkvist L, Wolk A. Milk and lactose intakes and ovarian cancer risk in 
the Swedish Mammography Cohort. Am J Clin Nutr 2004;80:1353–1357.

 95. Genkinger JM, Hunter DJ, Spiegelman D et al. Dairy products and ovarian can-
cer: A pooled analysis of 12 cohort studies. Cancer Epidemiol Biomarkers Prev 
2006;15:364–372.

 96. Tucker KL, Morita K , Qiao N et al. 936 Am J Clin Nutr 2006;84:936–42. Printed in 
USA. © 2006 American Society for Nutrition Colas, but not other carbonated bever-
ages, are associated with low bone mineral density in older women: The Framingham 
Osteoporosis Study. Am J Clin Nutr 2006;84:936–942.

62131_C007.indd   155 4/2/09   1:55:01 PM



156 Handbook of Prebiotics and Probiotics ingredients

 97. Sebekova K, Krajcoviova-Kudlackova M, Schinzel R et al. Plasma levels of advanced 
glycation end products in healthy, long-term vegetarians and subjects on a western 
mixed diet. Eur J Nutr 2001;40:275–281.

 98. Goldberg T, Cai W, Peppa M et al. Advanced glycoxidation end products in commonly 
consumed foods. J Am Diet Assoc 2004;104:1287–1291.

 99. Meyer TE, Kovacs SJ, Ehsani AA et al. Long-term caloric restriction ameliorates the 
decline in diastolic function in humans. J Am Coll Cardiol 2006;47:398–402.

 100. Iwashige K, Kouda K, Kouda M et al. Calorie restricted diet and urinary pento-
sidine in patients with rheumatoid arthritis. J Physiol Anthropol Appl Human Sci 
2004;23:19–24.

 101. Birlouez-Aragon I, Tessier FJ. Antioxidant vitamins and degenerative pathologies. A 
review of vitamin C. J Nutr Health Aging 2003;7:103–109.

 102. Osawa T, Kato Y. Protective role of antioxidative food factors in oxidative stress caused 
by hyperglycemia. Ann N Y Acad Sci 2005;1043:440–451.

 103. Bengmark S. Curcumin: an atoxic antioxidant and natural NF-κB, COX-2, LOX and 
iNOS inhibitor—A shield against acute and chronic diseases. JPEN J Parenter Enteral 
Nutr 2006;30:45–51.

 104. Rahman I, Biswas SK, Kirkham PA. Regulation of inflammation and redox signaling by 
dietary polyphenols. Biochem Pharmacol 2006;72:1439–1452.

 105. Delmas D, Jannin B, Latruffe N. Resveratrol: Preventing properties against vascular 
alterations and ageing. Mol Nutr Food Res 2005;49:377–395.

 106. Nandhini ATA, Thirunavakkarasu V, Anuradha CV. Stimulation of glucose utilization 
and inhibition of protein glycation and AGE products by taurine. Acta Physiol Scand 
2004;181:297–303.

 107. Nandhini ATA, Thirunavakkarasu V, Anuradha CV. Taurine prevent collagen abnormali-
ties in high fructose-fed rats. Indian J Med Res 2005;122:171–177.

 108. Finegold SM, Sutter VL, Mathisen GE. Normal indigenous intestinal flora. In Human 
Intestinal Microflora in Health and Disease, DJ Hentges, Ed. Academic Press, London, 
1983:3–31.

 109. Ahrné S, Nobaek S, Jeppsson B et al. The normal Lactobacillus flora of healthy human 
rectal and oral mucosa. J Appl Microbiol 1998;85:88–94.

 110. Müller M, Lier D. Fermentation of fructans by epiphytic lactic acid bacteria. J Appl Bact 
1994;76:406–411.

 111. Naaber P Smidt I, Stsepetova J et al. Inhibition of Clostridium difficile strains by intes-
tinal Lactobacillus species. Med Microbiol 2004;53:551–554.

 112. di Cagno R, de Angelis M, Alfonsi G et al. Pasta made from durum wheat semolina 
fermented with selected lactobacilli as a tool for a potential decrease of the gluten intol-
erance. J Agric Food Chem 2005;53:4393–4402.

 113. Tavan E, Cayuela C, Antoine JM, Cassand P. Antimutagenic activities of various lactic acid 
bacteria against food mutagens: Heterocyclic amines. J Dairy Res 2002;69:335–341.

 114. Erbersdobler H, Gunsser I, Weber G. Abbau von Fructoselysine durch die Darmflora. 
Zentralbl Vet Med 1970;A17:573–575.

 115. Stampfer MJ, Hu FB, Manson JE et al. Primary prevention of coronary heart disease in 
women through diet and lifestyle. N Engl J Med 2000;343:16–22.

 116. Hu FB, Manson JE, Stampfer MJ et al. Diet, lifestyle and the risk of type 2 diabetes 
mellitus in women. N Engl J Med 2001;345:790–797.

 117. Platz EA, Willett WC, Colditz GA et al. Proportion of colon cancer risk that might 
be preventable in a cohort of middle-aged US men. Cancer Causes Control 
2000;11:579–588.

62131_C007.indd   156 4/2/09   1:55:02 PM



age, aLe, rage, and disease—a food PersPective 157

 118. Kjaer M. Role of extracellular matrix in adaptation of tendon and skeletal muscle to 
mechanical loading. Physiol Rev 2004;84:649–698.

 119. Bierhaus A, Humpert PM, Nawroth PP. Linking stress to inflammation. Anesthesiol Clin 
2006;24:325–340.

 120. Chida Y, Sudo N, Kubo C. Does stress exacerbate liver diseases? J Gastroenterol Hepatol 
2006;21:202–208.

 121. Reeves MJ, Rafferty AP. Healthy lifestyle characteristics among adults in the United 
States 2000. Arch Intern Med 2005;165:854–857.

62131_C007.indd   157 4/2/09   1:55:02 PM



62131_C007.indd   158 4/2/09   1:55:02 PM


