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n the United States and most
industrialized countries, cardiovascular disease and cancer are
ranked as the leading causes of death.
These diseases have been linked to
lifestyle choices, one of the most
important of which is diet. It has been
estimated that eating a healthy diet could
prevent 30 percent of all cancers. Many
of us as children were told to “eat your
vegetables because they are good for
you,” and the adage, “an apple a day
keeps the doctor away” is still quite
popular. Recently, many studies have
been providing scientific backing for both
of these common phrases.
Hundreds of epidemiological studies
have been performed examining the
effects of diet on health. Although not all
studies show a link between fruits and
vegetables and health, a majority of
studies show a positive correlation
between fruit and vegetable consumption
and a reduced risk of chronic diseases,
such as cardiovascular disease and
cancer.

Diet and Chronic Disease
In the early 1990s, researchers
examined well over a hundred
epidemiological studies related to diet
and cancer. In 128 of 156 dietary studies,
fruits and vegetables were shown to have
significant protective effect against a
variety of different cancers (1).
Researchers found that individuals who
consumed small quantities of fruits and
vegetables were twice as likely to get
cancer compared to those who ate larger
quantities of fruits and vegetables. Very
recently, a study showed that high
consumption of fruits and vegetables was
also associated with a reduced risk of
breast cancer in woman in China (2). Fruit
and vegetable consumption also appears
to have a protective effect against
coronary heart disease (3). In this study,
approximately 84,000 women were
followed for 14 years and 42,000 men
were followed for eight years.
Researchers found that those who ate the
greatest quantities of fruits and

vegetables had a 20 percent lower risk for
coronary heart disease. The lowest risk
was seen in people who consumed more
green leafy vegetables and fruits rich in
vitamin C. Not only could a diet high in
fruits and vegetables help prevent heart
disease and cancer, but it might also help
protect against a variety of other illnesses.
For example, a diet high in fruits and
vegetables may help protect against
cataracts, diabetes, Alzheimer disease,
and even asthma (4-6).
Much of the protective qualities of
fruits and vegetables has been attributed
to phytochemicals, which are the nonnutrient plant compounds such as
caretenoids, flavonoids, isoflavonoids,
and phenolic acids. Thousands of
phytochemicals have been identified in
foods, and many have not. Different
phytochemicals have many different
activities which may help protect against
chronic disease. For example,
phytochemicals have been found to
inhibit cell proliferation, regulate
inflammatory and immune response, and
protect against lipid oxidation (7, 8).
Phytochemicals’ major role is to
protect against oxidation. We live in a
highly oxidative environment, and many
processes involved in metabolism may
result in the production of more oxidants.
Like all animals, humans have many
antioxidant defense systems, but they are
not perfect and oxidative damage can
occur. Oxidative damage plays a role in
cancer and heart disease. As oxidative
damage accumulates, it plays a role in the
aging process in general. Therefore, it is
important to protect against oxidative
damage as best as we can. It is estimated
that there are 10,000 oxidative hits to DNA
per cell, per day, in humans (6). Oxidants
may also target lipids and proteins, and
lipid oxidation is associated with heart
disease. Since fruits and vegetables are
high in antioxidants, a diet high in these
foods should help prevent oxidative
stress, and therefore may slow aging and
help prevent chronic disease. These
findings have led the National Research
Council to recommend five or more
servings of fruits and vegetables a day.
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Apples are a
significant source of
antioxidants in people’s
diets in the US and
Europe. In the US, 22
percent of the
phenolics consumed
from fruits come from
apples, which makes
apples the largest
source. Since apples
are so high in a variety
of antioxidants, it is no
surprise that apples,
specifically, have been
associated with a
decreased risk of
chronic disease.

Health Benefits of Apples
A major class of phytochemicals
found commonly in fruits and vegetables
are the flavonoids. The most common
flavonoids found in fruits and vegetables
are quercetin and its conjugates (9).
Apples are a significant source of
flavonoids in diets in the US and in
Europe. In the US, 22 percent of the
phenolics consumed from fruits are from
apples, which makes apples the largest
source. In Finland, apples and onions are
the primary sources of dietary flavonoids.
In the Netherlands, apples rank third
behind tea and onions as the top sources
of flavonoids.
Apples are commonly enjoyed by
many cultures, and our lab has
determined that they are a good source
of antioxidants. When compared to other
commonly consumed fruits in the US,
apples had the second highest level of
antioxidant activity (Figure 1). Apples
ranked second for total concentration of
phenolic compounds. Perhaps more
importantly, apples had the highest
proportion of free phenolics when
compared to other fruits (10). This means
these compounds are not bound to other
compounds in the fruits, and the
phenolics may be more available for
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Phytochemicals in Apples
Apples contain a large concentration
of flavonoids, as well as a variety of other
phytochemicals. The concentration of
these phytochemicals may depend on
many factors, such as cultivar, harvest
and storage, and processing. The variety
and concentration of phytochemicals also
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varies greatly between apple peel and
apple flesh.
Some of the most well-studied
antioxidant compounds in apples include
quercetin-3-galactoside, quercetin-3glucoside, quercetin-3-rhamnoside,
catechin, epicatechin, procyanidin,
cyanidin-3-galactoside, coumaric acid,
chlorogenic acid, gallic acid, and
phloridzin.
The levels of all compounds vary
greatly among different varieties of
apples, and between the peel and the
flesh. The compounds commonly found
in apple peels are the procyanidins,
catechin, epicatechin, chlorogenic acid,
ploridizin, and the quercetin conjugates.
In the apple flesh, there is some catechin,
procyanidin, epicatechin, and phloridzin,
but these compounds are found in much
lower concentrations in the flesh than in
the peel. Quercetin conjugates are found
exclusively in the peel of the apples. The
only compound found in higher
concentrations in the flesh is chlorogenic
acid (21). In general, it can be concluded
that apple peels contain a higher
concentration of antioxidant compounds.
Because the apple peel contains more
antioxidant compounds, it can be
inferred that the apple peel may have
higher antioxidant activity and higher
bioactivity than the apple flesh. Early
research from our lab showed that peeled
apples had less antioxidant activity than
apples with the peel. Apples with the peel
were also better able to inhibit cell

proliferation when compared to apples
without the peel (20).The cell
proliferation assay is a measure of the
ability of a compound or fruit extract to
inhibit the growth of tumor cells.
Therefore, the greater the ability of a
compound to inhibit cell growth, the
greater the potential it has for anticancer
activity. More recent work from our lab
has shown that apple peels contain
anywhere from two to six times
(depending on the variety) more phenolic
compounds than in the flesh, and two to
three times more flavonoids. The
antioxidant activity of the peel was also
much greater, ranging from two to six
times greater when compared to the flesh,
depending on the variety of the apple
(19).

Effects of Variety and Ripening on
Phytochemical Content
Researchers in our lab have found
quite a range in total phenolic and total
flavonoid content among different
varieties of apples. Of four common
varieties used for applesauce (Rome
Beauty, Idared, Cortland, and Golden
Delicious), Rome Beauty had the highest
phenolic content and Cortland had the
lowest. Rome Beauty also had the highest
flavonoid content while Cortland had the
lowest. However, Idared contained much
higher anthocyanins than any of the other
varieties (19). Anthocyanins are the
antioxidant compounds that give fruit a
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Total antioxidant activity
(µmol vitamin C equivalents/ g fruit)

eventual
absorption
into
the
bloodstream.
Since apples are so high in
antioxidants, it is no surprise that apples,
specifically, are associated with a
decreased risk of chronic disease.
Three studies have specifically
linked apple consumption with a
decreased risk for cancer. Women who
consumed at least one serving a day of
apples and pears had a reduced risk of
lung cancer (11). In another study, it was
found that apples and onions, both good
sources of quercetin, were associated
with a reduced risk of lung cancer, and
that those who consumed the least
amount of apples and onions had the
greatest risk of getting the disease (12).
In Finland, yet another study associated
high apple consumption with decreased
risk of lung cancer (13).
A recent study has shown that apple
and pear consumption has been
associated with a decreased risk of
asthma (4). Apple consumption has also
been associated with a decreased risk of
coronary heart disease in women (14). In
the Netherlands, apple and pear
consumption was associated with a
decreased risk of obstructive pulmonary
disease (15). In a Finnish study, death
from heart disease in women was
reduced in groups of women with the
highest consumption of apples (16).
Apple, tea, and onion consumption was
also associated with a reduced risk of
death from coronary heart disease in men
in the Netherlands (17). A reduced risk
of Type II diabetes was associated with
apple and berry consumption in another
major Finnish study (18).
In the laboratory, apples and the
compounds in them have properties that
may explain their effects in protecting
against disease. Our lab has found that
apples, and especially apple peels, have
powerful antioxidant activity and can
greatly inhibit the growth of liver cancer
and colon cancer cells (19, 20). Based on
results from all of these studies, it appears
that apples may play a significant role in
reducing the risk of a wide variety of
diseases.
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Figure 1. Antioxidant activity of various fruit extracts.
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red or blue color. Out of 10 varieties
commonly consumed in the US, Fuji
apples had the highest total phenolic and
total flavonoid compounds (Figures 2
and 3). Red Delicious were also quite

high. The apples containing the lowest
amounts of phenolics and flavonoids
were the NY647 and Empire, respectively
.

Phenolics (mg gallic acid equivalents/100g)
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Figure 2. Total phenolic content of apples (mean ± SD, n=3).

Flavonoids (mg catechin equivalents/100g)
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Figure 3. Total flavonoid content of apples (mean ± SD, n=3).
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Antioxidant activity also varies
among the different varieties of apples,
and this is a reflection of the
phytochemical differences between
varieties. There is a correlation between
phenolic content of apples and
antioxidant activity. The apple varieties
with higher phenolics tended to have
higher antioxidant activity.
Other researchers have found similar
variations in phytochemical content
between different cultivars of apples. Van
der Sluis et al (2001) analyzed Jonagold,
Golden Delicious, Cox’s Orange, and
Elstar, and found that Jonagold contained
the highest concentration of quercetin
glycosides, catechins, and chlorogenic
acid when compared to the other
varieties. Golden Delicious had the
second highest concentration, while
Cox’s Orange and Elstar had the lowest
concentrations. Escarpa and Gonzalez
(1998) measured compounds in Golden
Delicious, Reinata, Red Delicious, and
Granny Smith, and found that, of these
four varieties, Golden Delicious had the
lowest concentration of many different
flavonoids. Reinata had the highest level
of flavonoids, but Granny Smith and Red
Delicious were also very high. Another
group looked solely at procyanidin
content of four varieties of apples and
found that Granny Smith and Red
Delicious had the highest procyanidins
while McIntosh and Golden Delicious
had the lowest (22).
In addition to apple variety, there are
a number of other factors that can affect
the phytochemical profile of apples.
Development and ripening of the fruits
may impact phytochemicals in apples. In
Jonagold and Elstar, quercetin glycosides,
phloridzin, catechins, and chlorogenic
acid concentrations were highest early in
the season, and decreased to a steady
level during maturation and ripening
(23). Anthocyanins in Elstar and Jonagold
started high and decreased in midseason, but, before maturation, the
concentrations rose rapidly. Interestingly,
this increase in anthocyanin content
occurred only in fruit grown in the outer
part of the canopy, not in the inner
canopy. The amounts of quercetin
glycosides in both Jonagold and Elstar
were also greater in fruit grown in the
outer canopy (24). Awad (2000) also
found that sun-exposed fruits (both
Jonagold and Elstar) had greater levels
of anthocyanins and quercetin glycosides
when compared to shaded fruits, giving
more evidence that exposure to sunlight
affects production of these two
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compounds (24). In general, it can be
concluded that improving light exposure
for apples may help increase the
production of certain phytochemicals.
There was no sunlight effect on
phloridzen, catechin, and chlorogenic
acid.
The effect of different nutrients on
flavonoids and chlorogenic acid in
apples has also been examined. Awad
(2002) found that fertilizing with
nitrogen was associated with decreases
in anthocyanins, catechins and total
flavonoids, and also with decreased
percentage of blush in the fruit peels.
Also in Elstar, fertilizing with calcium
was associated with an increase in
anthocyanins and total flavonoids.
Researchers examined the effect of
applying different chemicals that may
enhance ripening on the formation of
various phytochemicals. Ethephon
increased anthocyanin production, but
did not increase chlorogenic acid or any
of the other phytochemicals studied.
Gibberellins and (s)-trans-2-amino-4-(2aminoethoxy)-3-butenoic
acid
hydrochloride (ABG-3168) both
decreased anthocyanin production, but
did not have an effect on other
compounds studied. The application of
other chemicals, such as alar, cycocel,
seniphos, shikimic acid, plantacur-E
and galactose did not have an effect on
any of the phytochemicals examined
(25, 26).

storage at 0°C for 9 months had little
effect on phenolic content (28).
Processing can also affect
phytochemical content. Apple juice
obtained from Jonagold apples by
pulping and straight pressing had only
10 percent the antioxidant activity of
fresh apples. Juice obtained after pulp
enzyming resulted in juice that had only
3 percent antioxidant activity. After pulp
enzyming, the juice contained 31 percent
less phloridzin, 44 percent less
chlorogenic acid, and 58 percent less
catechin. Most of the compounds
remained in the apple pomace (29).
Millions of pounds of waste apple peels
are generated in the production of
applesauce and canned apples in New
York each year. Since apple peels contain
the majority of the antioxidants when
compared to the flesh (19), our lab has
looked into the possibility of using apple
peels as a value-added ingredient. Apple
peels were blanched and then dried
under a variety of conditions (oven-dried
at a range of temperatures between 40°C
and 80°C, air-dried, or freeze-dried). The
freeze-dried samples had the greatest
total phenolic and flavonoid content, and
the total phenolic and flavonoid content
was actually greater than in the fresh
peels. Apple peel powder had strong
antioxidant activity and also greatly
inhibited cell proliferation (30). Apple
peel powder may be used in various food
products to increase their phytochemical
content and antioxidant activity.

Effects of Storage and Processing
on Phytochemical Content

Summary

Phytochemical content in apples is
not significantly affected by storage.
Quercetin glycosides, phloridzin, and
anthocyanin content of Jonagold,
Golden Delicious, Red Delicious, Elstar,
and Cox’s Orange were not affected by
52 weeks of storage in controlled
atmospheric conditions. Chlorogenic
acid and total catechins decreased
slightly in Jonagold. Total catechin
concentration decreased slightly in
Golden Delicious, but chlorogenic acid
concentrations remained stable (27).
After 25 weeks of cold storage, there
was no decrease in chlorogenic acid in
any variety of apple, but catechin
content decreased slightly in Golden
Delicious, Elstar, and Cox’s Orange.
Both types of storage had no effect on
antioxidant activity in any variety of
apple examined. Another group looked
specifically at the effects of storage on
apple peel phenolics and found that

As researchers find more and more
evidence to support the role of
phytochemicals in decreasing the risk of
chronic disease, some have hoped to find
a magic bullet that prevents chronic
disease. However, when researchers
attempt to link specific chemicals with
health benefits, they are often less
successful than when comparing health
benefits and total food consumption. This
is because apples, as well as other fruits
and vegetables, contain a complex
mixture of thousands of phytochemicals.
After years of research, it is still
impossible to identify all the compounds
let alone thoroughly understand how all
of these compounds interact. For
example, we know that the antioxidant
activity in 100 g of apples is equivalent
to about 1500 mg of vitamin C, and the
amount of vitamin C in 100 g of apples is
only about 5.7 mg (20). Vitamin C is a
powerful antioxidant, but this research

14

shows that nearly all of the antioxidant
activity from apples comes from a variety
of other compounds. Vitamin C in apples
contributed less than 0.4 percent of total
antioxidant activity. A dose of 500 mg of
vitamin C has actually increased
oxidative damage to DNA in humans. In
addition, intervention studies with
vitamin C supplements have shown no
health benefits in the prevention of cancer
and cardiovascular disease. Since the
effects of high levels of other single
antioxidants are unknown, it is not
recommended that pure supplements be
ingested, until further research is
completed (8). In the meantime, we
continue to support the recommendation
that people eat at least five servings of
fruits and vegetables a day. Evidence
supports that apples are especially
beneficial to consume.
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