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Preface
This book began as an Appendix to another text on indigenous American

medicinal plants. It was intended to complement the information on botanical
therapeutics with a brief consideration about the role of American berries in health and
disease. As the content of the original book continued to grow, the Appendix likewise
ballooned as more and more research accrued on the preventive and therapeutic value of
certain American berries. Eventually, the scientific research on these berries and their
significance to modern health concerns outgrew its initial context and became so
compelling that the need for a separate book became obvious.

Health care providers in particular need to be aware of the evidence that is
available on the specific benefits of common food items. As the quality and quantity of
research on the value of these and other berries continues to expand, this text serves as an
alert to the importance of including these powerful foods as regular components in our
diets. Given the degenerative health issues of our aging populations and the need to
protect healthy tissues and cellular functions from the insidious damage that occurs from
long-term oxidative stress, the most practical means of lowering the risk of developing
associated chronic disease conditions is ingestion of the most healthful vegetables and
fruits, especially berries.

Since the challenge of eating an optimal diet has always left some well-
intentioned consumers in its wake, the availability of concentrated berry products such as
dehydrated powders and extracts helps make intake of the potent berry components
easier. Unfortunately, many forms of preparations, including commercial juices and
canned products, usually contain significant amounts of sugars that undermine much of
the health-promoting value. The choices made to accommodate personal preferences
should be well informed to best suit individual needs. This book provides compelling
evidence for those wanting to improve their own and/or their patients' current and future

health through easy and effective dietary means.



Fruit and Vegetables

I. Whole Fruits and Vegetables for Helping Prevent Chronic Diseases

There is consensus among the scientific and healthcare community that the consumption of a
whole-food, plant-based diet provides the best protection against developing many chronic
diseases. The disease-prevention value of eating whole grains, beans, nuts, and especially
vegetables and fruits is based not only on their content of essential nutrients, though together
they are superb sources of carbohydrates, proteins, fats, vitamins, and minerals. The colorful
array of botanical carotenes and "secondary” polyphenolic compounds help protect against
oxidative stress and, together with the fiber that packages the phytochemical matrix, are of
major importance for optimizing health. With berries, these and other contributors to anti-
inflammatory bioactivity combine to supply a wealth of dietary treasure.

When a particular nutrient is shown by medical research to improve health or to prevent
or ameliorate some disease condition, the public is invariably urged to consume foods that are
high in that component rather than simply taking it supplementally as an isolated compound. This
is certainly good advice regarding disease prevention, though isolated nutrients, similar to
isolated drug components from plants, can be therapeutic for individuals with needs that manifest
as deficiency symptoms or in conditions with exaggerated requirements. In regard to the
prevention of cardiovascular diseases, the American Heart Association appropriately advocates
the superiority of eating whole fruit and vegetables over the consumption of juices.

On the whole, fruit and vegetables contain a complex array of bioactive nutrient and fiber
components that work together, rather than isolates acting individually. There is a growing
awareness in the medical community about the importance of plant components and metabolites
that function as semi-essential nutrients.! These compounds are seen as a rainbow of colors in our
diet, often having antioxidant and free radical scavenging properties. They coexist as important
components of medicinal and culinary herbs, spices, vegetables, fruit, and berries. Without an
adequate supply of these adjunctive plant compounds, tissue deterioration may not be as dramatic
or rapid as in the absence of required vitamins and minerals, yet still, these bioactive
phytochemicals are an integral part of the design of nature. They help to facilitate protective
biological processes and optimal physiological function, and so act to maintain and prolong good
health in humans.

Plants of the Americas are invaluable contributors to the world's food riches. Vegetables
originating here have become integral parts of intercontinental cuisine, in some cases becoming
even more closely associated with countries on other continents than our own. For example,
edible members of the nightshade family (Solanaceae) include the South American potato, the

Mesoamerican green and red peppers (Capsicum spp.), and tomatoes (Lycopersicon esculentum).
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In addition, corn (Zea mays), beans (Phaseolis vulgaris), and squash (Cucurbita spp.), known as
the "three sisters", were staples of the Central and North American native diet. In this context, the
value of native North American berries will be emphasized here.

Colors of health

Pigments giving color to herbs, roots, flowers, and fruits are part of a complex chemical
matrix in plants that can be additive, complementary, and/or synergistic in their physiological
effects. Chlorophyll, the leaf pigment par excellence that makes plants green, captures radiant
solar energy for conversion to energy stored as sugars. The transition of energy forms generates
charges and free radicals that would create havoc from oxidative damage were it not for the
protective antioxidants also produced to prevent this.

Carotenes, the yellow, orange, or red isomers common in vegetables, are exemplary in
delivering antioxidant protection to plants and people. Of course, carrots are famous for
supplying the aptly-named alpha- and beta-carotene. Dark green vegetables like kale and spinach
also provide beta-carotene plus the xanthophyll (Greek for yellow leaf) carotenoids lutein and
zeaxanthin in substantial amounts. The red carotene called lycopene found in tomatoes and
watermelon is thus available from the garden as either a tangy or sweet juicy treat. For disease
prevention, foods containing beta-carotene or lycopene appear to help reduce cancer risk, while
those with lutein and zeaxanthin may help protect the eyes from macular degeneration.?

These 5 carotenoids, along with beta-cryptoxanthin, were examined for their dietary
impact on metabolic syndrome prevalence in 374 middle-aged and older men. Total carotenoid,
beta-carotene, and lycopene intake were significantly associated with a reduced risk of metabolic
syndrome, while these 3 factors and alpha-carotene were all related to lower visceral fat,
subcutaneous fat, and waist circumerfences. Higher lycopene intake was also associated with
lower serum triglycerides.?

Along with chlorophyll and carotenes, fruit and vegetable colors can be due to various
polyphenolics that have distinctive bioactivity.* Polyphenols are often responsible for the various
hues that make plant flowers and fruits so attractive. The red, blue, and deep purple anthocyanin
(anthos is Greek for flower and cyanos is Greek for blue) pigments are typically found in greatest
concentrations and diversity in flowers and berries. Many of the native American berries are
members the genera Vaccinium (e.g., cranberries, blueberries, and huckleberries) and Rubus (e.g.,
blackberries, red raspberries, black raspberries).! The anthocyanin and other phenolic compounds
in these berries vary from species to species and even within different commercial cultivars of a
single species. However, often one berry species will share many of the same components with

other species of the same genus. For example, besides similar anthocyanins, Vaccinium species
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berries contain proanthocyanidins in common, whereas berries of Rubus species share
ellagitannins. Both of these types of polyphenols serve as potent antioxidants. !>

Common polyphenols in berries are categorized as phenolic acids (e.g., gallic acid and
ellagic acid) and flavonoids. Flavonoids are typically yellow, as their name implies (flavus is
Latin for yellow), and are found in both fruit and vegetables. Flavonoids are often attached to a
sugar molecule, such as glucose, to form flavonoid glycosides. This form enhances the water
solubility of flavonoids and also can improve their absorption from the intestines into the
bloodstream.* Flavonoids include flavanols (e.g., catechin, epicatechin), flavanones (e.g.,
hesperetin, naringenin), flavonols (e.g., quercetin, myricetin, kaempferol), flavones (e.g.,
apigenin, luteolin), and anthocyanidins (e.g., cyanidin, delphinidin). Flavanol polymers such as
oligomeric proanthocyanidins are condensed tannins, while hydrolyzable tannins have a central
sugar bound to several phenolic acid derivatives as in ellagitannins and gallotannins.*’ These
dietary flavonoids work through a variety of mechanism to attenuate and prevent inflammation as
potential neuroprotective, cardioprotective, and chemopreventive phytochemicals.’

The flavonols myricetin, quercetin, and quercetin glycosides are particularly abundant in
Vaccinium species, whereas quercetin glycosides were predominant in Rubus and Aronia
species.®? These flavonoids are greatly reduced during processing, as shown with total quercetin
and kaempferol contents in fresh Vaccinium and Rubus species versus their jams.!? Likewise, on a
dry weight basis, fresh berries such as cranberries contain a much greater total polyphenol content
than dried fruit. Still, the dried fruit provides greater antioxidant activity than isolated vitamins C,
E, or beta-carotene.!! In a study of the preservation in strawberries of color, total anthocyanins,
total polyphenols, and vitamin C, freeze-drying was shown to be superior to convection drying,
vacuum drying, and vacuum-microwave drying. The antioxidant activity of freeze-dried
strawberries, as measured by several methods, was as good or better than for berries that

underwent vacuum-microwave drying and superior to the convection or vaccum-dried berries.'?

Reducing risks of cardiovascular disease and cancer

The beneficial outcomes of polyphenolic antioxidant activity are far-ranging when the
impact on chronic degenerative diseases is considered. In Americans free from cancer, diabetes
and cardiovascular disease at baseline, 70,359 women in the first Nurses Health Study (NHS)
from 1984-2008 and 89,201 in the second NHS (NHS II) from 1991-2007, together with 41,334
men in the Health Professionals Follow-up Study (HPFS) from 1986-2006 were assessed base on
food-frequency questionnaires. Among these, 12,611 cases of type 2 diabetes developed. A lower

risk of type 2 diabetes was significantly associated with higher anthocyanin intake, especially
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from eating blueberries more than twice weekly compared to less than once per month and pooled
consumption of apples/pears eaten at least 5 times per week versus less than once monthly.!?

In general, consumption of flavonoids from berries has been shown to reduce biomarkers
associated with metabolic syndrome.' In looking at women in NHS I and NHS II, and men in
HPFS who were cancer-free and without stroke, heart disease, high blood pressure or treatment
for hypertension, after 14 years of follow-up 5629 cases of hypertension in men and 29,018 cases
in women were reported. A multivariate-adjusted analysis found that the 20% who consumed the
highest quantities (top quintile) of anthocyanins (mostly blueberries and strawberries) had an 8%
significantly reduced risk of having high blood pressure, compared to the lowest 20% of
anthocyanin intake. The risk reduction was even greater, over 12%, for those of ages 60 years or
less. A 5% reduced risk was also found for the flavone apigenin, and a 5-7% reduction in those 60
years or less for the flavanols epicatechin and catechin, when comparing the highest 20% and
lowest 20% of consumption of these flavonoids.'?

Prospective cohort studies, such as the NHS with 75,596 women from ages 34 to 59 years
with 14 years follow-up and the HPFS with 38,683 men from ages 40 to 75 years with 8 years of
follow-up, looked at the risk of ischemic stroke in the context of fruit and vegetable intake. All
were free of cardiovascular disease, diabetes, and cancer at baseline. Those persons in the highest
20% of fruit and vegetable intake had a median of 5.8 and 5.1 servings daily among the women
and men, respectively; these had a relative risk of 0.69 (about 2/3 of the risk of stroke), compared
to those 20% with the lowest intake. Each increment of 1 serving daily was associated with a 6%
lower risk of ischemic stroke. '

In 2013 a follow-up on the NHS II, involving 93,600 women between the ages of 25 and
42 years who were healthy at the 1989 baseline, examined the relationship between the risk of
myocardial infarction (MI), commonly referred to as a heart attack, and the consumption of
anthocyanins and other types of flavonoids. Updated and validated food-frequency
questionnaires, collected every 4 years and used to estimate intakes of categories of flavonoids,
indicated a significant inverse relationship between higher anthocyanin intake and risk of MI after
multivariate adjustment. Other flavonoids did not show a significant relationship. The combined
intake of blueberries and strawberries greater than 3 times weekly tended to be associated with a
lower MI risk, compared to those who consumed these less frequently.!”

In the prospective lowa Women's Health Study of almost 34,500 postmenopausal women
over a 16 year period, the consumption of total flavonoids of different classes were found to
correlate with reduced risk of cardiovascular disease (CVD). After multivariate adjustment an

inverse association was observed between consumption of anthocyanidins and coronary heart
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disease (CHD), CVD, and total mortality and also between flavones and total mortality.'® A 2006
meta-analysis of 9 cohort studies, comprised of 7 in the U.S.A. and 2 in Finland, considered the
risk of CHD in association with the consumption of fruit and vegetable portions. These studies
reporting relative risks and quantitative assessments of food intake included 129,701 women,
91,379 men, and 5,007 incidences of CHD events. The risk of CHD decreased significantly by
4% with each additional fruit and vegetable portion daily. The risk reduction was even greater
and more significant for fruit alone, with a 7% decrease in risk per portion.!’

Fruit appears beneficial in animal studies through its ability to counteract, reduce, and
repair damage due to inflammation and oxidative stress. In addition to flavonoids and phenol
acids, other polyphenols in berries that may contribute to their anticancer potential include
stilbenoids such as resveratrol and lignans like secoisolariciresinol, as well as nonpolyphenols
including triterpenoids such as ursolic acid. Based on in vitro studies, complexes of these
components in various berry products may also impact enzymes that metabolize carcinogens and
help regulate transcription and growth factors and signaling pathways of cancer proliferation,
tumor angiogenesis and apoptosis. The sensitization of tumor cells to chemotherapy drugs is
another means by which berry fruit may even be of benefit in the treatment of some cancers.?’

The American Cancer Society website recommendations (as revised on 6/30/14) are to
"eat at least 2'4 cups of fruits and vegetables each day" and to "include vegetables and fruits at
every meal and snack" to help lower cancer risk. One half-cup serving is 4 ounces. It is suggested
that you "fill half your plate with colorful fruits and vegetables at every meal and eating
occasion," but "that doesn’t mean potato chips!" It also recommends eating "a variety of
vegetables and fruits each day." The website also notes that whole fruits and vegetables are to be
emphasized, along with choosing 100% juices when drinking fruit beverages, rather than sugar-
sweetened fruit-flavored drinks.?!

The American Heart Association website on healthy diet goals (February 2014) goes
even further and suggests at least 4’4 cups/day of vegetables and fruit for an average adult,
equivalent to 4-5 servings of each per day. [A fruit or vegetable serving is described as 1/2 cup
(except a serving for raw leafy vegetables is 1 cup and for dried fruit is 1/4 cup), so at least 9
servings daily of fruits and vegetables are recommended.] It recommends a wide range of
vegetables and fruits of different colors (for example a red/green/orange day could include
apple/lettuce/carrot) without added salt and sugars. Roasting is a recommended method for
cooking vegetables, especially cauliflower, broccoli, Brussels sprouts, onions, carrots, tomatoes

or eggplant, to enhance the natural sweetness and reduce bitterness. It also suggests mixing fresh
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or frozen berries into pancakes, waffles, or muffins, or having fresh, canned (light syrup), or dried
fruit or 100% natural fruit juice for dessert.??

The bad news is that the trend in America is heading in the wrong direction. The Center
for Disease Control nationwide prevalence and trends data shows that, in the 50 United States and
3 American Territories plus the District of Columbia, for 2009 the median percentage of those
who consumed fruits and vegetables 5 or more times per day was 23.5%, compared to 24.3% in
2007! In both cases, less than 1 in 4 Americans were consuming at least the minimum
recommended intake.??

The Youth Risk Behavior Surveillance report for the U.S.A. summarized results from a
national survey, 39 state surveys, and 22 local surveys of students from grades 9 to 12 during
2007. It showed that only 21.4% of high school students had eaten fruits and vegetables five or
more times daily during the 7 days prior to the survey. The percentages declined in going from
grade 9 (23.7%) to 10 (22.4%) to 11 (19.9%) to grade 12 (18.6%). In addition, 33.8% had drunk
soda pop at least once daily, while only 34.7% achieved the recommended level of physical
activity.?> By 2009 trend for eating fruits and vegetables 5 or more times daily had improved to
22.3% overall, with grade nine (23.0%) still somewhat higher than grade 12 (20.8%), and with
daily soda pop consumption (29.2%) and adequate physical activity (37.0%) both showing
improvement.?® However, the results remain poor.

The evidence of flavonoid benefits is found worldwide. For example, in a study
published in 2002, the dietary consumption of flavonols and flavonones in foods were examined
in 10,054 men and women in Finland and correlated with the risk of developing chronic diseases
over a 28-year period. This was based upon dietary recall, the estimated content of flavonoids in
Finnish foods, and adjusted for confounding factors including age, sex, locale, occupation, blood
pressure, smoking, serum cholesterol, weight, and diabetes. The main sources of 95% of the
flavonoids consumed were berries, apples, oranges, grapefruit, juices, onions, and white cabbage.
Unfortunately, the consumption of tea and red wine were not assessed, but were considered low;
Finns at the time mainly consumed coffee and beer or liquor, respectively, instead. The relative
risks between the highest and lowest quartiles (the 25% of the group that consumed the most and
the 25% that consumed the least amounts, respectively) of particular flavonoids were compared.?’

Those in the Finnish study with higher quercetin intake had lower total mortality and
lower mortality from ischemic heart disease, lower asthma incidence, lower risk of type 2
diabetes and all cancers, and men had lower lung cancer rates. Men with higher myricetin intake
had lower type 2 diabetes and prostate cancer risks. Subjects with higher kaempferol intake had a

lower incidence of cerebrovascular disease as well as less thrombosis. Finally, in addition to those
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flavonols, subjects with higher consumption of flavonones found in citrus fruit, naringenin and
hesperetin, also had lower asthma, cerebrovascular disease, and thrombosis incidences. For total
flavonol and flavonone consumption, highest consumption was associated with a trend for lower
risk for asthma, cerebrovascular disease and thrombosis incidences, and lung cancer risk. Berries,
together with apples, were most associated with a lower type 2 diabetes risk. %’

In a 2012 report on 1898 women of ages 18-75 years from the United Kingdom, data
from 1996 to 2007 from food-frequency questionaires was correlated with direct measurements of
arterial stiffness and atherosclerosis. Higher anthocyanin intake was associated with significantly
lower central systolic blood pressure and pulse wave velocity, an indicater of lower arterial
stiffness. The primary sources of anthocyanins in this study were pears (23%), wine (22%),
grapes (20%), and berries (13%), especially raspberries and strawberries. Higher flavone intake
was also associated with significantly lower pulse wave velocity, as were higher berry and wine
intake. It was suggested that 1-2 serving of berries daily is a relevant strategy for reducing
cardiovascular risk.”®

In a study beginning in Japan in the late 1990s, 77,891 men and women of ages 45-74
years were given a validated food frequency questionnaire to evaluate the association of fruit and
vegetable consumption with the risk of total cancer and cardiovascular disease. By the end of
2002 the data showed no association of fruit or vegetable intake with a decreased risk of total
cancer, but fruit consumption significantly lowered the risk of cardiovascular disease.?* While the
epidemiological evidence appears compelling, and small-scale randomized controlled trials show
improvements in blood pressure, blood lipids, endothelial function, and arterial stiffness with
short-term increased consumption of popular berries and anthocyanin extracts, long-term
randomized controlled studies need to confirm the benefits of berry polyphenols for
cardiovascular health.>

Increasing antioxidant consumption lowers the risk of developing some cancers. A
review of the worldwide epidemiological literature on the cancer-preventive effects of human
consumption of fruits and vegetables found limited evidence for cancers of the mouth, pharynx,
esophagus, stomach, colon/recturm, larynx, lung, kidney, bladder (fruit only), and ovary
(vegetables only). Based on the range of prevalence of low fruit and vegetable intake, a crude
estimate of the percentage of preventable cancers in those with low intake is in the range of 5-
12%.3!

An integrated series of case-control studies in the 1980s in Italy investigated over 8000
cases of different types of cancer, comparing fruit and vegetable consumption with over 6000

controls admitted to the hospital for noncancerous acute conditions. Using multivariate relative
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risks to account for normal differences in backgrounds and behaviors, there was a consistent
pattern of protection with vegetable consumption for all epithelial cancers (urinary tract,
reproductive organs, and the digestive tract and its organs except the gall bladder). For fruit
consumption, a strong inverse relationship was found with cancers of the upper digestive and
respiratory tracts (mouth, throat, larynx and esophagus) and significant inverse relationships were
noted with cancers of the liver, pancreas, prostate, and urinary tract.>?

When a meta-analysis of 15 case-control studies worldwide and one Japanese cohort
study considered the impact of consumption of plant products on oral cancer, it was shown for
fruit that each portion consumed per day significantly reduced the risk by 49%, and vegetables
similarly reduced the overall risk by 50%.3*

Protecting the brain and nerve functions

The polyphenolics in fruit, vegetables, and beverages (tea, wine, and juices) have also
been shown to protect against the processes involved neurodegenerative diseases in animal and
based on in vitro studies. The mitochondria appears to be the primary target of oxidative damage,
especially to the DNA, proteins, and membrane lipids, as the electron transport chain there
generate most reactive oxygen species that cause the inflammatory damage. The endogenous free
radical scavenging enzymes need supplementation with polyphenolic antioxidants to function
most efficiently and slow brain aging and declines in motor and cognitive performance.**>>

Neurodegenerative diseases such as Alzheimer's and Parkinson's diseases and
amyotrophic lateral sclerosis may potentially be prevented or diminished by substantial dietary
intake of polyphenolic compounds such as flavonoids and stilbenes.*** Blueberries in particular
have shown preclinical promise in rodents by helping increase hippocampal plasticity, at least in

the short term, through multiple mechanims¥-

including enhanced neuronal signaling that
improves motor functions and conversion of short-term to long-term memory.* Age-related
neurodegenerative diseases are superimposed on behavioral deficits considered a normal aspect
of aging. Polyphenolics found in berries provide a nontoxic means of neuroprotection by reducing
oxidative stress and inhibiting inflammatory mediators.>’

The risk of dementia or Alzheimer disease was assessed in 8,085 nondemented subjects
over 65 years of age in a 3-city cohort study in France from 1999-2000 and re-examined over 4
years with a follow-up rate of 89%. In fully adjusted models, the daily consumption of fruits and
vegetables was associated with a decreased risk of all-cause dementia.® Chronic inflammation
associated with metabolic syndrome may lead indirectly to dementia from damage to blood

vessels. Berry polyphenolics may help reduce cognitive impairment during aging and

complicating Alzheimer's disease by their anti-inflammatory protection of vascular function.*
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Flavonoids, especially the anthocyanins in berries, are potent antioxidant and anti-
inflammatory agents that promote anti-aging. Antioxidant capacity alone is not enough to predict
the effects against certain aging disorders. A multiplicity of activities such as calcium buffering
and cell signalling that differ from one type of berry’s phytochemical complex like strawberry
compared to another like blueberry, reflected in specific activities in different brain regions, make
combinations of berries even more potentially beneficial.’’

A study prospectively examined the effect of flavonoid consumption from tea, red wine,
apples, oranges, and berries on the risk of developing Parkinson disease. It looked at flavonoid
consumption for 20-22 years with 80,336 women from the Nurses' Health Study and 49,281 men
in the Health Professional Follow-up Study. When comparing the highest and lowest quintiles of
flavonoid consumption, after adjusting for multiple confounders in men the hazard risk (HR) was
significantly lowered by total flavonoids (HR = 0.60) and the subclasses of berries (HR = 0.77)
and anthocyanins (HR = 0.72), but no significant relationships were found for women. This does
not exclude the possibility that other constituents in the foods may have also contributed
protective effects.*

Anti-inflammatory benefits of fruits and vegetables

Low-grade chronic systemic inflammation is associated with a number of chronic disease
conditions. Atherosclerosis, one of the main causes of cardiovascular disease, involves T-cells in
atherogenic lesions that release pro-inflammatory cytokines and contribute to the growth of
plaque. Cancer tumor development, invasion, and metastasis have long been associated with
chronic inflammation. Carcinogenesis in particular involves the continual presence of cytokines,
chemokines, nuclear factor-kappa B (NF-kB), and reactive oxygen and nitrogen species that can
lead to genetic instability and mutations. Obesity is also connected with low-grade inflammation
and predisposes individuals to insulin resistance, type 2 diabetes, and metabolic syndrome.
Adipose tissue functions as an endocrine organ that secrets pro-inflammatory cytokines like
interleukin (IL)-6, tumor necrosis factor-alpha (TNF-a), and other cellular regulators.*!

Foods that are high in fiber, healthy oils, carotenoids, and flavonoids can help retard
these inflammatory changes. Along with whole grains, raw nuts, monounsaturated oils, and
omega-3 fatty acids (fish oil), diets high in a variety of vegetables and fruits, especially fruits and
berries rich in polyphenols, are associated with lower systemic inflammation. Human studies
show the consumption of fruit and vegetables is inversely related to inflammatory marker levels
and lowers the risk of cardiovascular disease and metabolic syndrome.*!

While inflammatory mechanisms are part of normal immune function, when acutely

excessive or associated with even low-grade chronic inflammation, tissue damage ensues.
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Flavonoid polyphenols inhibit pro-inflammatory eicosanoid biosynthesis from arachidonic acids
(via cyclooxygenase [COX] and lipoxygenase [LOX]) in part by decreasing neutrophil
degranulation (and thereby reducing release of prostaglandins [PG] and leucotrienes [LT],
respectively). Plant polyphenols also inhibit inducible nitric oxide synthase (iNOS) expression by
macrophages, thus lowering the production of nitric oxide, another crucial inflammation
mediator. Polyphenols help reduce prominent pro-inflammatory cytokines such as IL-1, IL-6, and
TNF-a by blocking NF-xB and mitogen-activated protein kinase (MAPK) pathways. Suppression
adhesion molecule production is another anti-inflammatory mechanism of polyphenols, mediated
in part by NF-«kB. Finally, polyphenols scavenge reactive oxygen species (ROS) responsible for

oxidative stress leading to lipid peroxidation, NF-kB activation, and DNA damage.*!
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I1. Berries as Nutrient-Dense Fruit

Berries are commonly described as small, fleshy fruit, lacking a pit that would be removed
from a fruit before eating, and may contain many seeds that are consumed with the berry. They
are usually juicier than large fruit and lack a thick peel that is often removed before the
consumption of larger fruit, leading to the loss of many of the antioxidants in the peeling
process. Being smaller in size than other fruit, berries provide a higher proportion of the
colored surface that is rich in anthocyanins, in relation to the pulp that is generally more pale
and higher in sugars. Consequently, berries are generally more concentrated in beneficial
antioxidants and lower in calories per unit of weight than larger fruit.

Antioxidant activity and phenolic content of berries

One of the advantageous effects of consuming berries is the ability of their polyphenolics
to prevent cellular oxidative damage. Flavonoids co-exist as complex mixtures in plants with
vitamins C and E to act together as hydrogen-donating antioxidants, maintaining the vitamin
activities to prevent oxidation in foods, in the GI tract, and systemically. Gallic acid and a
majority of flavonoids including anthocyanins have greater antioxidant activity than these two
well-known antioxidant vitamins. They also chelate metals such as iron and copper, thereby
preventing free radical generation catalysed by these metalic ions.! Each type of polyphenolic
compound provides distinctive qualities, while each specific compound within the different
polyphenolic categories has its own unique effect.>

One possible disadvantage of anthocyanins like cyanidin 3-glucoside, compared to
flavonols like quercetin, may be their less complete absorption,® though this perceived difference
may be due to anthocyanin conversion and/or their incomplete measurement if protein-bound in
the blood.* The benefits of consuming whole berries derive from the complexity of the nutrient
content, and this can be vastly expanded by using different kinds of berries together, especially
those from different taxonomic genera, thereby expanding the phenolic variability and activities.*

For example, two anthocyanins (cyanidin-3-rutinoside and  cyanidin-3-
glucosylrutinoside) in red raspberries (R. idaeus) are especially potent antioxidants, comparable
to the preservatives BHA and BHT and superior to vitamin E at 125 mcg/ml. These anthocyanins
are also potent inhibitors of COX-1 and especially COX-2, comparable to the anti-inflammatory
drugs ibuprofen and naproxen at 10 mcM concentrations. Black raspberries (R. occidentalis) also
contains one of these anthocyanins (cyanidin-3-rutinoside), but cranberries and blueberries
(Vaccinium spp.) contain neither. Anthocyanins from raspberries and blackberries (Rubus spp.) at
125 mcg/ml are also potent antioxidants and inhibitors of COX-1 (45.8% and 38.5%,
respectively) and COX-2 (31.2% and 45.7%, respectively), while those in cranberries and
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blueberries at the same concentration are much less active inhibitors of COX-1 (15.5% and 9.1%,
respectively) and COX-2 (14.7% and 10.1%, respectively).’

The absolute amount by percentage of dry weight of all antioxidant components
(including polyphenols, carotenoids, glutathione, and vitamins C and E) in items in the American
diet is greatest for culinary herbs and spices. However, based on typical serving sizes, in order of
rank the five richest sources of these compounds are blackberries, walnuts, strawberries,
artichokes, and cranberries, while raspberries and blueberries are also included in the top ten.® A
preferred means of measuring antioxidant activity is the oxygen radical absorbance capacity
(ORAC) that can be applied both to protection of either fat-based (lipophilic) or water-based
(hydrophilic) substances. The hydrophilic ORAC values for most plant foods is much greater than
for lipophilic antioxidant activity. The fresh fruit with the highest hydrophilic ORAC per serving
are the blueberry, cranberry, blackberry, strawberry, and raspberry.’

The antioxidant score determined by total oxyradical scavenging capacity indicates that
cranberry is highest. When measuring the total phenolic content in fruit and including both freely
soluble and bound forms, the highest amount is also found in cranberry.® The total phenolic
content is generally greater in berries than in other fresh fruit, and, even then, the highest ratio of
hydrophilic ORAC to total phenolics in fresh fruit is found with cranberry, blueberry, apple,
peach, sweet cherry, apricot, strawberry, raspberry, and blackberry, in that order.”

American berries as traditional food and remedies

It does not require great insight to perceive that the native berries in America served as an
important food source for the indigenous people and the early colonists and pioneers who settled
in the regions where various species grew naturally. It is documented that cranberries and
lowbush and highbush blueberries (Vaccinium spp.) were eaten raw or cooked, dried for winter or
as a trail food while hunting, and/or were mixed in cornbread and pemmican by the natives in
what is now northeastern America and southeastern Canada. Black raspberries and blackberries
(Rubus spp.) were used similarly in a broader distribution, while chokeberry (Aronia
melanocarpa) consumption appeared more localized and limited to use of fresh berries.’ It is not
surprising that many of these berries were selectively cultivated, based on the most desirable
properties for production including features involved in optimizing growth, handling, harvested,
and preserving.

There is little evidence that early Euro-American settlers recognized or utilized the fruit
of American native wild berries for major health purposes other than as foods. Blackberries
(Rubus villosus) were considered remedies for diarrhea when eaten in large quantities, but this

effect was more prominent with the root of the plant which came to be preferred for that use. The
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berries or juice were added to other remedies to improve the flavor, so that the well-known
blackberry cordial was prepared by boiling down berries in water, along with spices such as
cinnamon, cloves, and allspice, and the adding sugar and whiskey to preserve it. This type of
preparation was considered a standard remedy for diarrhea.!®!!

This blackberry cordial folk remedy was further elaborated by Dr. Cook in the
Physiomedical Dispensatory in 1869 and described as having many formulas, but he noted that
the berries alone were often the only corrector needed. The only "Vaccinium species" berries
described by Cook were huckleberries (Gaylussacia resinosa, formerly Vaccinium resinosum)
and whortleberries (G. frondosa, formerly V. frondosum) who described these, "and probably of
other species of the Vaccinium," as acting on the kidneys as mild diuretics in cases of dropsy.!? At
the end of the 19th century, King's American Dispensatory quoted the USP in mentioning the
fruit of black raspberrry and American red raspberry (R. strigosus) as being employed in place of
red raspberry (R. idaeus) fruit for making a flavoring syrup or diluted for use as a pleasant drink
in fevers. The blackberry syrup was used similarly, and blackberry syrup, jam and jelly were
added to water for treating diarrhea or dysentery. Under the description of whortleberries
("Vaccinium"), the fruit of the "related species" cranberry was described as being applied in
domestic practice as a poultice for inflammatory swellings such as erysipelas and indolent ulcers,
or as "recently recommended by a distinguished physician," split and applied with a daub of flour
paste over a boil on the tip of the nose.!?

By the mid-20th century, the Naturopathic Dispensatory described only the rootbark of
blackberry and red raspberry as being used for treating diarrhea, while no mention of cranberry is
made.'* Along with the roots, the leaves of blackberry and red raspberry were also described in
Dr. John Lust's The Herb Book for their astringency in controlling diarrhea, while American red
raspberry fruit were described as mildly laxative and the berry juice as a refrigerant beverage for
fevers. Fresh berry juices in general were advocated to enhance general well being.!> Though
flavonoid glycosides in general were considered as "vitamin P", acting as synergists with vitamin
C for preserving the integrity of vascular walls, the anthocyanin pigments in fruits and berries
were not specifically mentioned in the Naturopathic Dispensatory in this context.'

The protective powers of these and other related components in berries were appreciated
in general, if not for the specific health purposes that were recognized in the latter half of the
century. The usefulness of native berries in regard to preventing disease attracted popular
attention when application in the Cape Cod area of the juice of the cranberry as a means of
addressing urinary tract infections was first investigated in 1959'¢ and further examined during

the following decades.
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An examination of recent research on a few of the most popular native American berries
reveals that much is being learned about the value of their consumption not only as food but for
helping prevent development of some of the most debilitating and deadly chronic diseases that
have become epidemic in America and constitute a growing worldwide pandemic. The impact of
these simple dietary items on risk factors for neurodegenerative and cardiovascular disease and

cancer has much to do with the berries' antioxidant and anti-inflammatory influences.

14



II1. Heath Family Vaccinium Berries

Plants of the family Ericaceae (heath or heather) that are in the Vaccinium genus provide
some of the most popular berries in North America and Europe. There are many different
cultivars or varieties of commercial Vaccinium species, for adaptation to different soils and
climates. Along with American cranberry V. macrocarpon, the lowbush V. angustifolium,
highbush V. corymbosum, and rabbiteye V. ashei blueberry species will be featured here as
important foods for protecting and maintaining health and avoiding chronic diseases.

Major blueberry species thrive in the colder north where the required number of chilling
hours to bear fruit are easily met. In fact, blueberries are Canada's largest fruit crop. The wild
lowbush blueberry (V. angustifolium) dominates some landscapes to the extent that they are
harvested commercially by certain indigenous American and Canadian peoples. However, the
most common commercial blueberry species remains the cultivated northern highbush blueberry
(V. corymbosum). Though native to eastern Canada and in the United States as far west as
Wisconsin and south to Alabama, highbush blueberry varieties have also been introduced
commercially into the Pacific regions of both countries.

In the South, the rabbiteye blueberry (V. ashei syn. V. virgatum) received its name from
the appearance of the pinkish-white unripe berries that resemble the eyes of an albino rabbit. It is
joined in the southeast from Virginia to Florida to Texas by the Elliott's blueberry or Mayberry
(V. elliotti) [not to be confused with the Elliot cultivar of V. corymbosum] that has a late-season,
somewhat more sour berry, leading to rabbiteye blueberry being more commecially popular. The
rabbiteye blueberry becomes available earlier in the year before northern highbush varieties, but
recent southern highbush hybrids of rabbiteye blueberry or the Darrow's evergreen blueberry (V.
darrowi) with V. corymbosum has resulted in low-chill varieties of superior quality fruit available
earlier than rabbiteye. Utilizing these developments in southern Florida and California and along
their coasts, it has now become possible to commercially cultivate more blueberries in warmer
climates.

Of the three species of cranberry, only the V. macrocarpon, sometimes called American
cranberry, originated exclusively on the North American continent. Two other species also grow
in the northern regions of this continent, the bog cranberry (V. oxycoccus) and the small cranberry
(V. microcarpum), but their natural range also extends into northern Europe and northern Asia.
Since American cranberry is the primary commercial cranberry because of its larger size, most
study has been done on this species, so it will be considered here. Native to the Northeast,
cranberries are also grown commercially in Wisconsin and the Pacific Northwest and the

Canadian provinces adjacent to all of these states.
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Other European Vaccinium species that are cultivated include the red lingonberry (V.
vitis-idaea) and dark blue bilberry (V. myrtillus). In America, their wild counterparts may be
considered the red huckleberry (V. parvilorum) and the black mountain huckleberry (V.
membranaceum). However, the most popular of the North American Vaccinium berries are the
commercial species of blueberries.

Research data on different cranberry and blueberry cultivars will be combined for each
species. Studies on the different blueberry species will identify each, when characterized in the
research, to help distinguish potential differences between these species. When unspecified, the
research may be generically applicable to blueberries. Due to the great diversity of cultivars for

cultivated species, these are not specified.

Lowbush, Highbush, and Rabbiteye Blueberries

Blueberries are one of the most popular berries in America today, with several major
commercial species. Even though a variety of cultivars and hybrids of blueberry species have
been developed to help maximize agricultural production, common components give these
berries the color and flavor characteristics so well known and enjoyed and the bioactivity
desirable for better health. The types of anthocyanins and metabolites that typify these berries
effectively penetrate into brain tissue, unlike other compounds blocked by the "blood-brain
barrier". This allows these components to help protect functional memory. In addition,
blueberry polyphenols improve overall oxidative status and cardiovascular health, while
helping maintain normal blood sugar levels.

The wild, or lowbush, blueberries are grown in eastern Canada and northeastern United
States. Lowbush blueberry leaf color and plant size are variable in the wild, whereas cultivars in
highbush plantations produce fields and berries that are uniform in appearance. Highbush
blueberries, distinguished by the plant size in comparison to the lowbush species, are cultivated in
temperate areas of the USA, especially the Great Lakes region, the Pacific Northwest, and in the
Atlantic states. Lowbush and highbush blueberries produce similar harvest levels in North
America, and together provide between 170-193 million kg annually. Though fresh blueberries
are almost always highbush varieties, some highbush blueberries are frozen. Lowbush blueberries
are first frozen and then mainly used in processed foods such as muffins, pastry fillings, jams, and
sauces.!

In the South, rabbiteye blueberries (V. ashei syn. V. virgatum), native to southern
Georgia, southeast Alabama, and the Florida panhandle, are now grown commercially from

Virginia to Texas, as they are generally more productive in this region than the northern species.
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They grow taller (over 10 ft.) than the highbush blueberries, and the berries ripen over a several
week period. Rabbiteye berries are smaller and have a thicker skin than the highbush berries.
They are somewhat sweeter when eaten fresh, but can have a grittiness due to seeds and stone
cells. While rabbiteye berries have a longer shelf-life than highbush berries, they are typically
used in syrups, sauces, or baking. Rabbiteye blueberries are more resistant to pests and disease,
but they require cross-pollination by bees, usually blueberry bees and bumblebees.

Polyphenolic component comparisons between blueberry species and with cranberries

The lowbush blueberries, 80% of which are between 0.15-0.3 g/berry, are more uniform
in size than the highbush blueberries, 60% of which are 0.5-1.5 g/berry, but 30% 1.5-2.5, g/berry.
Both lowbush and highbush blueberry pigment is found only in the skin of the fruit. Though
much smaller in size, wild lowbush blueberries are by fresh weight on average significantly
higher in total phenolics, anthocyanins, and oxygen radical absorbance capacity (ORAC)
antioxidant activity than cultivated highbush varieties. The lowbush berries contained almost two
times more total phenolics than the highbush berries by fresh weight. The variations in
anthocyanins and total phenolics within species were similar for both lowbush and highbush
blueberries, less than 2-fold differences in the 10th and 90th percentiles for each species. These
phenolics are negatively affected by processing treatments that expose the berries to heat and air.'

In contrast, a study of all 3 species found the total phenolic content, anthocyanins, and
ORAC on average to be similar among them but also to vary widely among a half dozen different
cultivars for the northern highbush blueberry and 4 cultivars of rabbiteye blueberry. Great
increases in these parameters were seen in 2 cultivars from Georgia when rabbiteye blueberry was
harvested very late (July 28), compare to normal harvest time. On the other hand, the
phytochemical contents and ORACs were mostly similar in the same highbush cultivar (Jersey)
grown variously in New Jersey, Michigan, and Oregon. The ORAC was related linearly to both
the anthocyanin and total phenolic contents. Only a single lowbush blueberry sample was tested.?

Comparing freeze-dried powders of highbush and lowbush blueberries revealed the
lowbush berries yield the highest chlorogenic acid amounts. Organically grown highbush
blueberries had higher flavanol oligimers and chlorogenic acid than those conventionally grown,
but lower anthocyanin content. Phenolic content levels varied between cultivars, with broad
ranges for the main anthocyanidins of both species: delphinidin, malvidin, and petunidin ranging
from 45-75 mg, 34-63 mg, and 21-36 mg per 100 grams fresh weight, respectively.?

Blueberrry resveratrol content varies by cultivar and region.* Highbush blueberries from
Michigan showed good resveratrol content but the highbush berries from British Columbia

completely lacked resveratrol. Lowbush blueberries from Nova Scotia were intermediate.’
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Highbush blueberry from Oregon also contains the stilbene piceatannol (186-422 ng/g), and
rabbiteye blueberries from Mississippi yield pterostilbene (99-151 ng/g).* Pterostilbene, like
resveratrol, is a potent antioxidant and chemopreventive agent.°

Lowbush blueberries even have almost 75% greater total phenolic content than
cranberries.” Being of the same genus as cranberries, blueberries have some phytochemicals and
attributes in common with their red cousins. Highbush blueberries contains the flavonoids
quercetin and myricetin, though cranberries are significantly higher in these flavonols than
blueberries.® Lowbush blueberries and cranberries collected in the wild in Nova Scotia contain
substantial resveratrol (863 and 900 ng/g dried, respectively), while highbush and rabbiteye
cultivars grown in the United States show great variation (327-1074 and 7-1691 ng/g dried,
respectively).*

As is easily perceived by the colors, the anthocyanins of blueberries and cranberries are
distinctive. Highbush blueberries contains predominantly malvidin, delphinidin, and petunidin 3-

glycosides and smaller amounts of cyanidin and peonidin 3-glucosides,**-'?

rabbiteye cultivars
have mostly malvidin, peonidin, and cyanidin and less petunidin and delphinidin,'® whereas the
main anthocyanins of cranberry are mainly peonidin 3-glycosides and less cyandin 3-
glycosides.!®!

The anthocyanin and phenolic acid contents of 6 commercial blueberry cultivars and 4
breeding selections were tested in frozen berries and ranged between 201.4 - 402.8 mg/100g and
23.6 - 61.7 mg/100g, respectively. The main anthocyanins on average were 3-0-arabinosides and
3-0-galactosides of delphinidin, cyanidin, and malvidin, while the phenolic acids measured were
over 96% chlorogenic acid. The 3 genotypes that contained highest amounts of the 3-0-glucosides
of malvidin, delphinidin, and cyanidin are the cultivar O'Neal and breeding selections NC4900
and SHF2B-1 21:3. These 3 also had the highest total phenolic acid/chlorogenic acid contents of

the 10 tested. Malvidin-3-0-glucoside and chlorogenic acid are major hypoglycemic principles.'

Blueberry antioxidant activity

In Humans

After 14 healthy subjects were fed a high-carbohydrate and low-fat breakfast (1 cup of
cornflakes with 1/2 cup of 2% milk) together with 12.5 or 5.8 grams of freeze-dried blueberry
powder (obtained from 75 grams [1/2 cup serving] or 35 grams of fresh blueberries, respectively)
or a placebo control with equivalent vitamin C and sugars as the high berry dose, the serum
ORAC was measured for the following 3 hours and compared to fasting values. Each person
received all 3 treatments with a week in between, and the average effects for each treatment

showed that the high berry dose produced a significantly higher ORAC than placebo after 1 and 2
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hours and a significantly higher ORAC than the low berry dose after 2 hours. This demonstrates
that the increased antioxidant capacity from blueberries in humans is not due simply to the
vitamin C and fructose content.'®

In a randomized, placebo-controlled, crossover study 18 male healthy male subjects of
average age 47.8 years, 25 g of wild lowbush blueberry freeze-dried powder, equivalent to 1 cup
(148 g) of raw blueberries and providing 375 mg of anthocyanins, and placebo were each given
as a drink for 6 weeks, with a 6-week washout in between the 2 treatments. The wild blueberry
drink led to significant reductions in levels of endogenously oxidized DNA bases and hydrogen
peroxide-induced DNA damage, whereas the placebo drink produced no effect.!”
In Animals

In mice fed 600 mg blueberries per 10 grams of body weight for 21 days, liver
antioxidant markers were significantly increased compared to controls, while the liver oxidative
marker was lower, showing liver protection from oxidative stress. The blueberry group also had
significantly increased proliferation of splenic lymphocytes, especially the CD3" and the CD4" T
lymphocyte subsets.'® A 70% aqueous acetone extract of wild lowbush blueberries at 50 mcg/ml
was able to inhibit the in vifro oxidation of the hydrophilic amino acid tyrosine and the lipophilic
fatty acid linoleic acid. Free radicals were quenched most effectively in vitro by the two fractions
that were highest in flavanols, anthocyanins, and phenolic acids.!” The in vivo and in vitro

laboratory results support the human findings that blueberries provide antioxidant protection.

Antioxidant comparisons with other berries and fruits
To determine whether a meal of different types and/or forms of berries or fruits cause

significant changes in plasma antioxidant capacity as measured by ORAC, 5 clinical trials each
with 6-10 human subjects used a crossover design to compare relatively equivalent amounts of
wild blueberry and dried plum, Bing sweet cherry, and strawberry, kiwifruit, and red grape. The
fresh wild blueberry and cherry increased the lipophilic antioxidant capacity, while fresh and
freeze-dried wild blueberries and freeze-dried grape increased hydrophilic antioxidant capacity.?’
A recently developed assay for measuring cellular antioxidant activity (CAA) that
accounts for aspects of uptake, metabolism and location of antioxidants in cells shows that wild
blueberry had greater activity than cranberry, apple, and red or green grapes. The most potent
compound tested for CAA was quercetin, then kaempferol, epigallocatechin gallate, myricetin,
and luteolin, in that order.” Highbush blueberries also contain substantial quercetin glycosides,
and altogether its polyphenolics and vitamin C provide much greater total antioxidant activity

than European cranberries (V. oxycoccus), based on FRAP assays.'?
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Phenolic compounds vary between Vaccinium species. Highbush blueberries are very
high in chlorogenic acid, and contain as much quercetin glycosides as lingonberry (V. vitis-idaea)
and more than American cranberry.!® From a molecular perspective, the antioxidant capacity of
anthocyanins increases with hydroxyl substitutions on the B-ring, whereas the substitution of
methoxyl groups reduces the antioxidant activity. Anthocyanins with a hydroxyl substitution at
position 3 on ring C demonstrate a potent antioxidant activity.?!

Compared to strawberries and blackberries, rabbiteye blueberries showed greater total
antioxidant capacity (according to AGTS and DPPH method) and total phenolic, total flavonoid,
and total anthocyanin contents.”> When rabbiteye blueberries were compared to bilberries (V.
myrtillus), black currant (Ribes nigrum), chokeberry (Aronia melanocarpa), and elderberry
(Sambucus nigra), the 15 anthocyanins of the 2 Vaccinium species were identical, though
distribution patterns differed. Chokeberry (4), elderberry (4), and black currant (6) had fewer
anthocyanins. Antioxidant activities by the DPPH method were similar, but they diminished in
order from bilberry to rabbiteye blueberry, black currant, chokeberry, and then elderberry.?

Blueberry components counter inflammation to lower chronic disease risk

Chronic inflammation is a major contributing factor for many progressive disease
conditions, including cardiovascular disease, neurological disorders, obesity, metabolic disorders,
connective tissue diseases, chronic inflammatory diseases, and cancer. Blueberries are a major
sources of anthocyanidins such as cyanidin and delphinidin, along with proanthocyanidins, that
help reduce inflammatory risks including oxidative damage.**

In Animals

Obese and lean rats were fed a control diet or one enriched with 8% freeze-dried wild
lowbush blueberries, containing 1.5% of 21 different anthocyanins (mainly malvidin- and
peonidin-3-galactoside), for 8 weeks and monitored for pro-inflammatory status associated with
metabolic syndrome. The obese rats fed blueberries showed significant reductions in plasma
TNF-a, IL-6, and C-reactive protein (CRP), and increased adiponectin compared to controls.
Expression of CRP in the liver was also significantly down-regulated by blueberries by -25% and
for TNF-a, IL-6, and NF-kB in the liver by -59%, -65%, and -25%, respectively, with significant
reductions also in abdominal fat tissue. Similar trends were seen for the lean mice given
blueberries, with significant liver reductions in TNF-a and NF-kB of -50% and -24%,
respectively, and increased adiponectin of +25%. The results indicate a greater overall effect in
reducing inflammatory markers in the obese rat, a model of metabolic syndrome.*

In Vitro

20



Blueberries

Of anthocyanins at 40 mcM concentrations, cyanidin and malvidin had the greatest
inhibition on cyclooxygenase (COX)-1 (52% and 48%, respectively) and COX-2 (74% and 65%,
respectively) and contribute to the anti-inflammatory effects.?

Bioavailability of blueberry anthocyanins

In Humans

When 189 grams of lowbush blueberries with 690 mg total anthocyanins were fed to 6
elderly women, urine samples contained 22 of the 24 anthocyanins in amounts that reasonably
correlated with the presence in the berries. Though no plasma levels were detected, methylation
of cyanidin to peonidin and glucuronide conjugate formation were demonstrated. Overall,
absorption of anthocyanins was low in comparison to other flavonoids, as shown in this and other
studies, based on plasma levels and urine recovery.?’” On the other hand, after 5 middle-aged men
were fed 100 grams of freeze-dried lowbush blueberry powder with 1.2 grams of 25 different
anthocyanins (42% of the total phenolics), 19 were detected in the serum. The anthocyanin
presence in the serum was correlated with a significantly increased antioxidant capacity ex vivo.?
In Animals

Highbush blueberry anthocyanins were not detected in the plasma or urine after being fed
to fasting pigs, but they were identified in all four tissues examined including the liver, eye,
cortex and cerebellum, indicating that they passed intact beyond the blood-brain barrier. Malvidin
in particular was most apparent in all tissues, and though galactosides predominated in the liver,
the glucosides were showed more absorption in the brain.”” When blueberries were fed to pigs at
2.4-12 mg/kg body weight of anthocyanin daily for 4 weeks, the concentration in the whole eye
was 0.709 ng/g. Since the pigs were fasted for 18 hours before tissue collection, when no
anthocyanins were present in the plasma, they must have collected in the tissue. When comparing
diets for pigs with 0%, 1%, 2%, or 4% of the diet as blueberries, the amount of accumulation
correlated with increased intake.*

When pigs were fed freeze-dried highbush blueberries as 2% of the diet for 8 weeks, the
anthocyanins were found in the brain were in similar concentrations in the cortex, cerebellum,
and midbrain and diencephalon. Fewer types of anthocyanins were in the cortex, though
malvidin-3-glucoside was the most abundant in all regions, probably due to its metabolic
generation locally as a metabolite along with its passing the blood-brain barrier. Similarly,
peonidin-3-glucoside was relatively abundant in all areas in proportionally higher concentrations
in the brain than in the blueberries themselves, likely to its generation via methylation of

cyanidin-3-glucoside.’!
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In 19-month-old rats fed a 2% blueberry water extract diet for 8-10 weeks, anthocyanins
containing malvidin, delphinidin, peonidin, and cyanidin were fround in the cortex, hippocampus,
cerebellum, and striatum. (No petunidin glycosides were found in the berries or extract.) The total
number of these compounds present in the cortex correlated with improved performance in a
water maze, suggesting their central signal modifying capabilities.*

Intestinal influences of blueberries

In Humans

When 25 grams of freeze-dried wild lowbush blueberries were consumed in 250 ml of
water daily for 6 weeks by 20 healthy males with an average age of 46 years, relative content of
Bifidobacteria spp. was significantly increased. Lactobacillus spp. also increased, but this
likewise occurred after 6 weeks of a placebo drink, whereas there were no significant changes in
other intestinal flora. Both Bifidobacteria and Lactobacillus are considered to be a beneficial
factors for digestion and in gut and immune health and are typically included in many probiotic
products. Therefore, wild blueberries can be considered as a potential prebiotic functional food,
likely due to their anthocyanin, vitamin K, and fiber content.*
In Vitro

The impact of metabolism on rabbiteye blueberry phenolic acids by microbes from the
colon of different human volunteers influences the inflammatory pathways in colon cells in
different ways, resulting in variable effects dependent on the intestinal flora.>*

Influences on cognitive function

In Humans

An extraordinary follow-up evaulation in the Nurses' Health study began from 1995-2001
to measure cognitive function in 16,010 women that were over the age of 70 years to assess
whether dietary patterns may have an influence on memory. After adjusting for multiple potential
confounders, the cognitive decline differences were determined for dietary intake of particular
foods. It was discovered that greater intakes of total flavonoids in general and anthocyanins in
particular were associated with slower rates of declining memory. Consuming blueberries once or
more per week, compared to less than once per month, was associated with a significant reduction
in the average rate of global cognitive decline. The only other comparable food in this study was
strawberries, for which consumption twice or more weekly versus less than once weekly reduced
the mean decline in global score. These results suggest a delay of cognitive aging of 1.5-2.5 years
for those who eat blueberries or strawberries once or twice per week, respectively.®

The protection and preservation of mental capabilities cannot be over-rated, especially as

one ages. The tendency for a decline in memory and other cognitive functions in the elderly can
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be addressed even before it is detected. A study with 9 older adults with an average age of 76.2
years examined the effect of lowbush blueberry juice supplementation on memory. The dose
varied by body weight (6-9 mg/kg), ranging from 444 ml to 621 ml daily for 12 weeks. At the end
of the study period, word list recall and paired associated learning were significantly improved.
Compared with a demographically matched sample of 7 adults using a placebo beverage in a
companion trial, paired associate learning were again significantly improved.*®
In Animals

Most work in the area of memory protection has been done in Alzheimer disease models
in rats. Feeding freeze-dried water extract of fresh blueberries as 2% of the diet from 4 until 12
months of age to rats with transgenic predisposition to developing amyloid beta alterations
resulted in enhancement of neuronal signaling associated with memory and beneficially altered
phospholipase C activity compared to controls. This indicate that overcoming the genetic
predisposition to Alzheimer's disease may be possible.’” The same fresh blueberry extract was
homogenized in water and centrifuged to remove the fiber and then freeze-dried. When given as
2% of the diet fed to 4-month-old rats for 2 weeks, it improved cognitive performance in a water
maze compared to controls, even more than the NSAID drug piroxicam, by reducing
inflammatory expression induced by the neurotoxic kainic acid injection in the hippocampus. The
extract group alone augmented expression of the neurotropic factor insulin-like growth factor-
1(IGF-1).38

Again, this same preparation (homogenizing fresh blueberries in water, centrifuging the
homogenate, and freeze-drying the liquid supernatant), providing on average 394 mg per day of
freeze-dried blueberry extract, derived from about 4.4 g/day of fresh blueberries, resulted
in aged rats performing similarly in visual object recognition memory tasks as young rats
and significantly better than aged controls. The nuclear factor kappa-B (NF-«B) pro-
inflammatory transcription factor levels of the aged rats fed blueberry water extract were
significantly lower than in the aged controls in 4 of 5 brains regions, and this correlated
with memory scores.3®* When a 2% rabbiteye blueberry water extract diet was fed to aged
rats for 2 months, the object memory at 19 months was significantly better than for
controls, and the improvement was retained a month after stopping blueberries. In 20-
month-old rats, object memory scores improved with 2% blueberry diet for 1 month, while
for controls it declined; the differences were significant.40

Memory decline in aging is associated with reduced new growth of neurons in the
hippocampus. Factors associated with learning and memory, like IGF-1 and its activation of

extracellular receptor kinase (ERK) and new nerve growth, are all significantly increased and
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correlate with improved spatial memory in aged rats also supplemented with the 2% blueberry
freeze-dried extract diet for 8 weeks, compared to controls.*!

Also, after 8 weeks of blueberry water extract supplementation in 19-month-old rats,
motor behavioral performance was improved for several tasks, along with reversals in
biochemical aging parameters for neuronal activities.*” Rabbiteye blueberry and cranberry
extracts were superior to blackcurrant and boysenberry (Rubus loganbaccus) fruit extracts, when
supplied as 2% of the diet of aged 19-month old rats, for ameliorating motor functional deficits
and providing hippocampal neuroprotection. The polyphenols in these 2 Vaccinium species also
improved muscle tone, strength and balance, as well as enhancing neuronal functioning and
response to stress.*’

Rats fed a diet with 14.3% fresh lowbush blueberries for 6 weeks received carotid artery
ligation to simulate a stroke and were compared to others that were ligated but received no
blueberries. A 40% loss of neurons in the hippocampus of the associated cerebral hemisphere in
the controls was reduced to a 17% loss in those receiving blueberries, indicating a potential for
improving ischemic stroke outcomes.**

Anti-aging effects of blueberries may be due in part to stilbene components. Pterostilbene
at 0.004% of the diet (40 mg/kg in the feed) in 19-month-old rats was effective in improving
working memory compared to controls, and at 0.016% of the diet further reduced the effects of
aging on cognitive performance that correlated with measurable pterostilbene in the hippocampal
tissue. Both doses protected against decreased dopamine release after exposure to oxidative stress

to striatal tissue ex vivo.*

Rabbiteye blueberries that contain pterostilbene® significantly
increased the survival of embryonic dopamine neurons transplanted into dopamine-depleted
striatum when the freeze-dried water extract was given as 2% of the diet to rats. This could
theoretically improve dopamine neuron transplantation in Parkinson disease patients.*®
In Vitro

Effects of lowbush blueberry acetic-methanolic extract rich in polyphenolics included
protection against hydrogen peroxide-induced oxidative damage and cell death in human
neuronal cells, while amyloid-beta aggregation was inhibited at 15 mcg/ml. Pro-oxidant effects
were seen in embryonic kidney cells.*” The 12% water and 88% methanol solvent has been
shown to be best for extracting the total phenolics and highest anthocyanin contents and

antioxidant capacity.'

Impact on metabolic syndrome

Metabolic syndrome is a constellation of conditions commonly associated in the modern

world. It is characterized by abdominal obesity, impaired glucose tolerance, high triglycerides
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and low HDL cholesterol, high blood pressure, oxidative stress and inflammation, and an
increased risk of type 2 diabetes and atherosclerotic cardiovascular disease. Insulin resistance
plays a key role. As such, blueberries and cranberries both offer a number of benefits in helping
to prevent or ameliorate this condition.*®

In Humans

In looking at food intake questionnaires of 46,672 and 87,242 women in Nurses Health
Study (NHS) I & II, respectively, and 23,043 men in Health Professions Follow-Up Study
(HPFUS) who were without heart disease, high blood pressure or treatment for hypertension, a
14-year follow-up found 5629 cases of hypertension in men and 29,018 cases in women. They
found those of age 60 years or over who consumed blueberries more than once per week had a
10% reduction in hypertension risk compared to no blueberry intake. The top quintile (20%)
overall of anthocyanin users had a significant 8% reduced risk of high blood pressure, compared
to the lowest 20% of anthocyanin consumers. The risk reduction for those 60 years of age or
older, when comparing the highest and lowest quintiles, was significant for cyanidin, malvidin,
peonidin, and petunidin anthocyanins.*

In pooling the data from NHS I (70,359; 1984-2008) and II (89,201; 1991-2007) and
HPFUS (41,334; 1986-2006) to evaluate diet influence on the development of type 2 diabetes,
blueberry consumption twice or more per week significantly reduced the risk of diabetes
compared to those who ate blueberries less than once per month.>° A more recent examination of
the pooled data from the NHS I (66,105; 1984-2008) and II (1991-2009) and HPFUS (36,173;
1986-2008) confirmed that for type 2 diabetes the hazard ratio of 0.74 for every 3 servings of
blueberries per week was the lowest of all fruit. This is well ahead of the pooled hazard ratios for
3 servings/week of 0.88 for grapes/raisins, 0.89 for prunes, and 0.93 for apples/pears, while the
hazard ratio of 1.08 for consumption of fruit juice indicates its association with a higher risk of
type 2 diabetes.”!

To examine the effect of blueberries on insulin sensitivity, a randomized, double-blind,
placebo-controlled trial studied 15 obese, insulin-resistant men and women who utilized 22.5
grams of freeze-dried blueberry combination (1:1 highbush and rabbiteye) in a smoothie, versus
17 who had none in their smoothie, twice daily for 6 weeks. Insulin sensitivity improved
significantly more in the blueberry group, though percent body fat, energy intake, serum glucose,
lipid profile, blood pressure, and inflammatory biomarkers did not change significantly.*

In a single-blind, randomized, controlled 8-week study with 44 women and 4 men
averaging 50 years of age and obese with metabolic syndrome, 25 grams of freeze-dried

blueberries (1:1 highbush and rabbiteye) in 480 ml of water was consumed twice daily by 25
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subjects, and an equivalent amount of water only was taken by the 23 controls. The daily freeze-
dried blueberries taken by 25 subjects was equivalent to 350 g of fresh berries. While the systolic
and diastolic blood pressure reductions were significantly greater in the berry group than in
controls, there were no changes in serum glucose or lipid profiles. However, those using the
berries had significantly greater reductions in lipid peroxidation markers, including oxidized
LDL.%

Since postmenopausal women often develop arterial stiffness and high blood pressure, an
8-week, randomized, placebo-controlled, double-blind study with 48 postmenopausal women
with pre-hypertension or stage 1 hypertension investigated the effect of 22 grams of freeze-dried
blueberry powder (1:1 highbush and rabbiteye), equivalent to a cup of fresh blueberries. After 8
weeks, both the mean systolic and diastolic blood pressures, as well as the brachial-ankle pulse
wave velocity and nitric oxide blood levels, were significantly reduced compared to baseline
values in the 25 patients of the blueberry group, but no significant changes occurred with the 23
control subjects.>*

In Animals

Other evidence applicable to metabolic syndrome has been obtained from live animal
studies, using combined blueberry species, lowbush blueberry, or uncharacterized blueberries.
When freeze-dried blueberry powder (1:1 highbush and rabbiteye) was added as 4% weight to a
high-fat diet in mice for 8 weeks, it attenuated or blocked a shift toward upregulation of
inflammatory genes and a marker for oxidative stress and reduced glutathione peroxidase 3,
compared to the high-fat diet alone. The blueberry diet also protected from high blood sugar and
insulin resistance, along with reducing fat cell death.>

Freeze-dried skins of rabbiteye blueberries as 8% of the diet significantly reduced total
cholesterol by 22% and VLDL-cholesterol by about 44% in hamsters fed a high-fat diet, while a
comparable amount of the ethanol extract of these skins likewise reduced VLDL by 44% and
total cholesterol by 29%, but additionally led to a significant 34% reduction in LDL-cholesterol.
These blueberry diets increased excretion of lipids in the feces and upregulated liver CYP 7A1,
indicative of increased bile acid synthesis, but fat cell inflammatory gene expression was not
changed significantly.

Freeze-dried lowbush blueberries fed as 1% of a diet to apolipoprotein E-deficient mice
for 20 weeks significantly reduced the average atherosclerotic lesion area in the aortic sinus by
39% and descending aorta by 57% compared to controls. This occurred in spite of increases in
total and LDL cholesterol in the mice fed blueberries, which also gained more weight due to their

higher energy intake. The lipid peroxidation biomarker F,-isoprostane was significantly lower in
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the liver of mice receiving blueberries, and the antioxidant enzymes superoxide dismutase and
glutathione reductase were upregulated and showed significantly greater activity in the liver
and/or serum of the blueberry-fed mice. Thus, oxidative stress reduction resulted in fewer
lesions.”’

Rats with normal blood pressure and spontaneously-hypertensive rats were compared
with controls and each other when using diets of freeze-dried generic blueberries for 6 weeks
(about 370 mg/day) or 12 weeks (about 400 mg/day, similar to 4.5 g daily of fresh berries). Those
rats consuming the blueberries for 6 or 12 weeks had decreased blood pressure and renovascular
resistance and improved kidney glomerular filtration rate. Kidney tissue showed lower oxidative
stress indicators after long-term treatment and improved antioxidant status. This may possibly
delay or modify hypertension-induced kidney damage.>®

In a 10-week study with rats on regular or high fat and cholesterol diets known to induce
endothelial dysfunction, groups on each diet were also supplemented with 2% freeze-dried
highbush blueberry powder. Reductions in systolic blood pressure of 11% at 8 weeks and 14% at
10 weeks were observed with the regular diet plus blueberries, compared to controls without
blueberries. On the high fat/cholesterol plus blueberry diet, systolic blood pressure was also
reduced by 14% after 10 weeks, compared to high fat diet controls. Blueberry diets led to aortas
harvested postmortem with reduced contractile responses to L-phenylephrine and greater
relaxation from acetylcholine, compared to the controls on both diets.>

In studying weight gain in mice fed diets that were low-fat (10% of total calories from
fat), high-fat (45% fat calories), or very high-fat (60% fat calories) diets, and comparing these
control mice to low-fat and high-fat supplemented with 10% freeze-dried blueberries or very
high-fat plus purified blueberry anthocyanin extract, blueberries did not alter glucose tolerance. In
the high-fat diet with blueberries, weight gain and percent body fat increased significantly more
than for high-fat controls after 8, 10, and 13 weeks. The very high-fat diet with anthocyanin
extract had significantly lower weight gain and body fat than very high-fat controls after 7 weeks
but not after 10 weeks.®® However, studies in rodents bred to model human pathologies or fed
artificial uniform diets not used by humans cannot be extrapolated with certainty to humans.

Preparations of wild lowbush blueberry were administered to diabetic mice by gavage to
test for lowered blood sugar levels. Doses of 500 mg/kg body weight were given of either a
concentrated phenol-rich methanolic extract providing 287 mg/g anthocyanins or an anthocyanin-
enriched fraction delivering 595 mg/g of cyanidin 3-glucoside equivalents. Both were formulated
with a self-microemulsifying drug delivery system called Labrasol, since no significant

hypoglycemic effects were detected without Labrasol. With the Labrasol bio-enhancement, the
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anthocyanin fraction had greater hypoglycemic activity than the phenolic extract, indicating that
anthocyanins are responsible for this effect. When 300 mg/kg doses of pure delphinidin-3-O-
glucoside and malvidin-3-O-glucoside were compared, the malvidin anthocyanin was
significantly hypoglycemic, but the delphinidin anthocyanin was not.®!
In TVitro

A freeze-dried ethanol extract of frozen lowbush blueberries was shown to significantly
enhance proliferation of insulin-producing pancreatic beta-cells 2.8-fold and to reduce by 20-33%
the apoptotic death of adrenal medullary PC12 cells exposed to elevated glucose for 96 hours.®?

In testing for effects on the passage of oral hypoglycemic drugs through a dialysis tube,
blueberry extract decreased permeation of metformin by only 20% but reduced that of
glibenclamide by 45%, suggesting that the extract might modulate the absorption of these drugs

somewhat in vivo.®

Heart and vascular effects

In Animals

Following a myocardial infarct (MI or heart attack), heart tissue damage is largely due to
reactive oxygen species generated by lack of blood circulation to the cells. After feeding a diet
with 20 g/kg freeze-dried blueberries or a control diet with 20 g/kg dried corn for 3 months to
young rats and a coronary artery was tied off, the resulting MI was 22% less in those on the
blueberry diet, and there were 40% less inflammatory cells (neutrophils and macrophages) in the
area compared to controls. Ten weeks after the MI, the hearts of rats that continued on the
blueberry diet recovered better than those taken off; even those switched to blueberry after the MI
recovered better than controls.** The mortality over the next year was reduced 22% among the
rats remaining on an isocaloric 2% blueberry extract diet. The heart ventricle maintained better
integrity, and the MI expansion was arrested compared to controls.®

Compared to the control diet, rats fed a diet with 8% freeze-dried wild blueberries for 7
weeks showed a greater response to inhibition of nitric oxide synthase. In endothelium-dependent
vasorelaxation induced by acetylcholine, involvement of nitric oxide pathways of the aorta was
greater in mice fed blueberries. Vasoconstriction of the aortic rings by phenhylephrine was
reduced by th blueberry diet.%

Potential for reducing cancer risk

In Animals
Rats fed a control diet with or without 5% freeze-dried blueberries were injected with
azoxymethane to induce aberrant crypt foci. Those receiving the blueberries had significantly

fewer in the proximal colon compared to control diet only. The rats fed blueberries also had an
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average of 11 aberrant crypt foci in the entire colon, compared to an average of 172 in rats fed
only the control diet (a 91% reduction), and significantly fewer total aberrant crypts (33) than rats
who consumed 20% cranberry juice (165).°” When rats were treated with the carcinogen N-
nitrosomethylbenzylamine (NMBA) for 5 weeks and then placed on a diet with 5% freeze-dried
blueberries, the berry diet significantly reduced tumorigenesis in the rat esophagus, both in
incidence (33% less) and multiplicity. In addition, serum interleukin (IL)-5, cytokines, and other
oxidation markers were reduced, while serum antioxidant capacity increased.®®

In a study of female rats given a 173-estradiol implant to induce tumors of the mammary
glands, the animals were given a control diet with or without 5% freeze-dried organic blueberries.
Tumor appearance occurred in controls at 84 days, but this was significantly delayed by 24 days
with the blueberry diet. The blueberry diet also reduced mammary tissue proliferation and tumor
burden. Blueberries significantly reduced cytochrome P-450 (CYP) 1Al expression involved
with estradiol conversion.®” CYP expression and phase II metabolic enzymes bear important roles
in estrogen's carcinogenic effects.

In a prior study of the rats given the estrogen implant, a control diet or diets with 1% or
2.5% blueberry were given 2 weeks before the estrogen and 6, 18, or 24 weeks afterward. After 6
weeks, the implanted controls had a 48-fold increase in CYP1A1 that was significantly attenuated
to 21-fold by the 2.5% blueberry diet, and this diet also significantly reduced CYP1B1 expression
by 6-fold. The 5-fold induction of 17B-hydroxysteroid dehydrogenase was significantly reduced
to about 2-fold by the 2.5% supplemented berry diet after 6 weeks. After 18 weeks, the blueberry
diet reduced the estrogen induction of CYP1Al, in this case from 15-fold down to 7-fold and
reversed the 2-fold induction of catechol-O-methyl transferase expression. At 24 weeks, the
CYP1AI induction was not reduced by the blueberry diet. The 1% and 2.5% blueberry diets
reduced mammary tumor incidence 0% and 31%, tumor multiplicity 2.6% and 38%, and tumor
volume 41% and 59%, respectively, probably by suppressing estrogen-metabolizing enzymes
early in estrogen-induced carcinogenesis.”

In female nude mice, triple negative (no expression of ER, PR, or HER2 protein) breast
tumor volume was reduced 75% by a 5% freeze-dried blueberry diet compared to controls.
Tumor cell proliferation was also significantly reduced, and expression of genes important for
inflammation, cancer, and metastasis were also significantly altered, e.g., IL-13, IFNy, and Wnt
signaling. The 5% diet also significantly reduced liver metastasis by 70% and lymph node
metastasis by 25% compared to controls.”!

Giving a freeze-dried hydroethanolic blueberry extract orally to mice with

hemangioendothelioma significantly reduced tumor size at 10-20 mg/kg body weight and
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significantly increased survival time at 20 mg/kg. Studies on the endothelial precursor cells in
vitro showed that the extract is both antiangiogenic and inhibits both c-Jun N-terminal kinase
(JNK) and nuclear factor-kappa B (NFkB) signalling pathways associated with tumor formation.
This could potentially be applicable to children with endothelial cell neoplasms, the most
common soft-tissue tumors in infants.”

Pterostilbene, a phenolic compound found in blueberries, when given for 8 weeks at 40
parts per million in the diet of rats exposed twice to azoxymethane, significantly reduced by 57%
the aberrant crypt foci induced in the colon by azoxymethane. Multiple clusters of aberrant crypts
were likewise significantly reduced 29% by pterostilbene. The suppression azoxymethane-
induced colonic cell proliferation may be of use in helping to prevent colon cancer.”

A diet with 2% blueberries given to rats for 8 weeks prior to exposure to 1.5 or 2.0 Gy
accelerated iron particles produced significantly better performance on behavioral tasks compared
to control rats. It also reduced the tumorigenesis induced by the heavy particles 1 year after
exposure, compared to controls.”

In TVitro

A methanolic extract of blueberries was tested in several human tumor cell lines for
antiproliferative activity in comparison with 5 other berries (cranberry, strawberry, and 3 Rubus
spp.). The extract was moderately effective against oral and breast cancer cell cultures, but was
especially active against colon (surpassed by blackberry and black raspberry) and prostate cancer
cells (at ICso of 36.5 mcg/ml surpassing all other berries).”

When rabbiteye cultivar extracts and fractions were tested in 2 colon cancer cell lines, the
anthocyanin fraction was most active with >50% inhibition at 15-50 mg/ml, close to the
concentration range of anthocyanins found in rat plasma, followed by ICso of the tannin fraction
of 50-100 mcg/ml and of the flavonol fraction of 70-100 mcg/ml. The anthocyanin fraction also
increased cancer cell DNA framentation 2-7 times, indicative of induced apoptosis.’

The phenolic acid fraction of rabbiteye blueberries reduced liver cancer HepG2 cell line
50% at 1-2 mg/ml, while the anthocyanin fraction produced the same effect at the lower 70-150
mcg/ml concentration, and flavonol and tannin fractions were intermediate. The anthocyanin
fraction also resulted in a 2- to 4-fold increase in DNA fragmentation, showing its induction of
cancer cell apoptosis, and indication that blueberries may help reduce liver cancer risk.”’

In comparing fractions of hydroacetonic extracts from quick-frozen wild blueberries and
cultivated blueberries for inhibitory effects on androgen-sensitive human prostate cancer cell line
LNCaP, the proanthocyanidin fraction 5 of the wild blueberries was the most potent at 20

mcg/ml, reducing growth to 11% of controls, while at this concentration both proanthocyanidin
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fractions 4 and 5 of cultivated blueberries were significantly more effective at reducing growth
than controls (57% and 26%, respectively). Only fraction 5 of cultivated blueberries significantly
inhibited the androgen-insensitive cell line DU145.7

On the other hand, lowbush blueberry crude methanolic extract, hydromethanolic
fraction, and hydroacetonic fraction were all effective in down-regulating matrix
metalloproteinases (MMPs) in DU145 human prostate cancer cells by multiple mechanisms.
MMPs are crucial in regulating metastasis.” Extracts of lowbush blueberry fruit showed that
oligomeric proanthocyanidin-rich fractions were both anti-proliferative for human prostate cancer
and mouse liver cancer cell lines.®

A depectinized, flavonoid-rich acetone extract of juice from lowbush blueberries was
shown to induce the phase Il enzyme quinone reductase without having cytotoxicity, indicating
its potential for inhibiting the initial stage of carcinogenesis.'® Besides doubling quinone
reductase activity by lowbush blueberry ethyl acetate fraction at 4.2 mcg tannic acid equivalents
(TAE), the crude methanolic extract at 8.0 mcg TAE and the polymeric proanthocyanidin fraction
at 3.0 mcg TAE inhibited by 50% the ornithine decarboxylase activity induced by the tumor
promoter phorbol 12-myristate 13-acetate (TPA).5!

Improving muscle recovery, reducing pain and preventing radiation damage

In Humans

To test whether blueberries given before and after intensive exercise would reduce the
recovery time and oxidative stress response resulting from the muscle damage, 10 women were
studied in a randomized, placebo-controlled, cross-over design. A serving of 200 grams of
blueberries in a smoothy, or a placebo isocaloric- and antioxidant-equivalent smoothy without the
blueberries, was given 5 and 10 hours before strenuous eccentric contractions of the quadriceps,
then immediately after, and 12 and 36 hours after the exercise. The biggest difference in the two
drinks was a much higher phenolic content (168 mg vs. 29 mg), especially anthocyanins (97 mg
vs. 0), in the blueberry smoothie. Performance measurements were taken at 12, 36, and 60 hours
after the exercise.®?

A significant interaction with blueberry and faster rate of recovery for peak isometric
tension in the first 36-hour recovery period was measured. Other trends of better muscle strength
recovery for concentric and eccentric torque were also seen. A significant decrease in oxidative
stress in the blueberry group until 36 hours post-exercise coincided with increased plasma
antioxidant capacity. Thus, the blueberry beverage appeared to up-regulate the adaptive processes
following muscle damage from exercise.®?

In Animals
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An anthocyanin extract of freeze-dried rabbiteye blueberries was given orally to mice at
3.2 mg/kg or 6.4 mg/kg daily for 21 days or as a single treatment and was compared to water
controls, morphine, and the NSAID diclofenac to assess its pain-reducing activity. Pain induced
by acetic acid was significantly reduced with long-term and single use at both doses, compared to
controls, but was less effective than morphine after one use. Formalin pain inhibition was graded,
being as effective as diclofenac with long- and short-term use, but less effective than morphine
after one treatment. Hot-plate and tail-flick tests showed that prolonged rabbiteye blueberry
extract treatment significantly increased the pain threshold of mice compared to water, while a
single higher dose extract treatment was slower but as effective as 10 mg morphine.®*

When a blueberry extract was given as 2% of the diet for 2 months to rats that were then
exposed to high doses of radiation, the extract prevented deterioration in performance of
cognitive, spatial learning and memory tasks compared to rats on a control diet. The damage from
radiation is similar to the effects of aging, based on free radical generation and antioxidant stress.
A year after the radiation, the rats on the extract diet had significantly fewer tumors induced by
t.84

the radiation than those on the control die

Bladder protection
In Vitro

It is well-known and demonstrated that cranberry juice prevents attachment of uropathic
E. coli to mucosal cells by inhibiting the bacterial adhesin MR. Of 6 other juices tested
(cranberry, plus blueberry, grapefruit, guava, mango, orange, and pineapple), only blueberry juice
also produced this inhibitory effect.® Tests on lowbush blueberry extracts showed that oligomeric
proanthocyanidin-rich fractions were anti-adhesive for E. coli.®

Processing and storage effects on phytochemicals and antioxidant activity
Fresh

Fresh blueberries should be picked when fully blue and firm, and several picking are
necessary as the berries ripen at different rates. After poor quality berries are culled, the berries
should be forced-air cooled within an hour after picking to as near freezing (0 °C; 32 °F) as
possible, as well as while stored and displayed. In addition, 10%-15% CO», 1%-10% O,, and
relative humidity above 90% during the first several weeks while kept at or below 5 °C (41 °F)
are optimal for extending storage up to 6 weeks, as controlling atmospheric conditions is very
important. Bruising reduces shelf-life of fresh berries, so compared to hand harvesting,
mechanical harvesting can reduce storage life by about half. Postharvest berries may be subject to
ripe rot (Colletotrichum gloesosporiodes), while damaged berries are quite susceptible to gray

mold (Botyris cinerea) growth that is stimulated in the presence of ethylene. Methyl bromide
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fumigation is used to control blueberry maggot (Rhagoletis mendax) postharvest infestation
during long-distance transport.*® Sulfur dioxide fumigation is also used to decrease decay and
extend market life.

When fresh highbush blueberries were dipped for 15-30 seconds in water at 22 °C (room
temperature) or 45, 50, or 60 °C (hot), dried and then stored for 4 weeks at 0 °C, the hotter the
water treatment, the greater percentage of marketable berries (90%-83%), compared to controls
(76%). Likewise, after 2 additional days of storage at 20 °C, decay incidence was reduced (0.6%-
2.8%) by hot water from control levels (5.1%), while after 7 more days decay with 60 °C water
exposure for 15 seconds was 1.8% compared to controls at 37.4%. Weight loss, shriveled and
split berries were significantly reduced by hot water treatment, and yeast and mold counts were
reduced by 30 second treatment. There was no effect on firmness, pH, or most flavor volatiles.®’

The antioxidant capacity of fresh highbush and lowbush blueberries strongly correlated
with total phenolics and anthocyanin contents which were higher in lowbush berries, but
ascorbate was higher in highbush berries. After 8 days of fresh storage at 0, 10, 20, or 30 °C, the
only significant changes in these parameters were anthocyanin content of highbush berries that
was higher at 20 °C, while the ascorbate content of lowbush berries was lower at 20 and 30 °C.%®
At 5 °C various cultivars of fresh blueberry were successfully stored at marketable quality for <3
weeks up to 7 weeks, depending on the cultivar. None showed a significant decrease from the
antioxidant activity at harvest. Fruit maturity correlated significantly with antioxidant activity and
total phenolic and anthocyanin contents, and some cultivars had increases in one or more of these
during cold storage.®
Frozen

Highbush blueberries were frozen for 1 month or 3 months at -20 °C and then compared
with the same blueberries either fresh or fresh but stored for 2 weeks at 5 °C, in regards to the
total anthocyanin content and antioxidant effect. While the anthocyanin contents of 2-week stored
fresh berries were lower (5.7 mg/g dried) than the levels of fresh blueberries (7.2 mg/g), the
frozen samples had higher anthocyanin contents after 1 month (8.1 mg/g) and 3 months (7.9
mg/g), though none of these differences were significant. Likewise, the antioxidant activities in
reducing the 2, 2-diphenyl-1-picrylhydrazyl (DPPH) radical between the 2 fresh and 2 frozen
berry samples did not differ significantly.?

Freeze-dried

In comparing freeze-dried blueberries with fresh fruit, ascorbic acid (vitamin C) was

significantly decreased in the freeze-dried berries. However, in vacuum freeze-dried blueberries

the total polyphenols were increased significantly when treated with infrared light, so that there
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was no significant difference in the antioxidant efficiency with the fresh berries.”! When freeze-
dried blueberries were compared to the frozen berries, there was a small reduction in anthocyanin
content of 3.9%, but a large 1.9-fold increase on average in phenolic acids.!”

When storing freeze-dried wild lowbush blueberry powder for 7 weeks at 25, 42, 60, and
80 °C, the total and single anthocyanin content and total antioxidant activities were compared.
Storage reduced all anthocyanin levels, the slowest reduction of -3% occurring at 25 °C after 2
weeks, whereas at 80 °C after 3 days there was rapid reductions of -80%. Half-life estimates for
anthocyanins were 139 days at 25 °C, 39 days at 42 °C, and 12 days at 60 °C. However, the total
antioxidant activity was not affected significantly by increased temperature.”” Nonetheless, it
appears evident that storing freeze-dried blueberries at lower temperatures helps preserve the
phytochemical integrity and associated broad bioactivity.

Dried

When compared with highbush blueberries frozen for 1 month or 3 months at -20 °C and
with fresh blueberries, berries that were cabinet-dried had a significant reduction of 41% in total
anthocyanins. In comparison with the anthocyanin content of fresh berries of 7.2 mg/g, the dried
blueberry anthocyanins amounted to only 4.3 mg/g. However, the antioxidant activity of
anthocyanin extracts of the fresh, frozen, and dried blueberries were not significantly different,
when measured by reducing DPPH radical concentration.”

Canned

The effects of processing after the first day and after storage for 1, 3, and 6 months on
anthocyanin content and oxygen radical absorbing capacity (ORAC) was compared between 1-
month frozen highbush blueberries and the same batch of frozen berries after canning. Fully ripe
frozen berries in cans were covered in either boiling water or a water/corn syrup mixture, placed
in a steam box for 4 minutes before sealing, then immersed in boiling water for 15 minutes, and
stored at 25 °C.” After 1 day, the total monomeric anthocyanin losses in the berries in syrup was
less than in water, -28% vs. -34%,” but procyanidin reductions were -35% in the syrup berries
and only -22% in the water berries.”

Over the 6 month span, a similar percentage of total anthocyanin monomers was found in
the fluid syrup medium (14% to 23%) as for the water medium (17% to 23%). With steady
declines in each type over time, in canned blueberries after 6 months of storage the change in
monomeric anthocyanins for berries in syrup was -71% compared to -62% for berries in water.”?
The decline in procyanidins was -78% for berries in syrup versus -68% for those in water.”
While the ORAC in the syrup- and water-canned berries were initially reduced by -46% and -

42%, respectively, the levels during storage were fairly stable, though from 1 to 6 months an
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additional -12% loss was found in the syrup berries. The anthocyanin polymers formed during
storage apparently retained much of the antioxidant activity found originally in the monomers.
Overall, the blueberries canned in water had superior monomeric anthocyanin retention and
antioxidant capacity than those in syrup,” as well as better procyanidin retention.”

Canned highbush blueberries were prepared similarly with a syrup medium using
organically and conventionally grown berries from 2 different types of cultivars, and then stored
at room temperature (23 °C) for up to 13 months. After this time, the total anthocyanins, total
phenolics, and total antioxidant activity in the unblanched canned berries changed by -86%, -
69%, and -52%, respectively, whereas the total antioxidant activity loss was only -7% in blanched
berries. Blanching blueberries before they are thermally processed also was shown to preserve the
anthocyanins during storage (65% retention after 13 months, compared to only 33% retained
without blanching). The losses of anthocyanins and antioxidant activity in the syrup were -68%
and -15%, respectively. These results for both cultivars did not depend on whether the blueberries
were organically or conventionally grown.”

Purees and baking

The effects of storage on day 1 and after 1, 3, and 6 months was compared for
anthocyanins and ORAC between highbush blueberries frozen 1-month and the same batch of
frozen berries that were pureed. Thawed blueberries were homogenized and heated to 95 °C, and
corn syrup was added. The mixture was added to jars, sealed, and boiled for 15 minutes, then
cooled and stored in the dark at 25 °C.”

The pureed berries had an initial -43% change in total anthocyanin monomers compared
to original levels in the frozen berries and continued to diminish to -48% after 1 month, -67%
after 3 months, and -80% after 6 months. This, in conjunction with increased polymeric color
values, indicates extensive polymerization during storage. Pureeing led to a loss of -47% in
antioxidant capacity, but this remained fairly stable during storage though a further -9% change
occurred between 1 and 6 months.? For procyanidin components, 41% were retained after initial
processing. Following 6 months of storage, all that remained was 7%.°* On the other hand, it was
found that blanching highbush blueberries before making a puree led to significantly higher
maximum anthocyanin absorption and a higher phenolic content of the plasma after consumption
by healthy human subjects.”®

Tests were performed on freeze-dried lowbush blueberry powder, mixing the powder in
40 grams of bun dough and proving at 30 °C, cooking the berry powder in 20 grams of filling at
90 °C, and baking them together at 180 °C for 12 minutes. These processes reduced anthocyanin

levels and increased chlorogenic acid, while quercetin and caffeic and ferulic acid levels were
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constant. Total procyanidins did not change with these processes, but high molecular weight
oligomers decreased and lower molecular weight procyanidins increased.”” In regard to
resveratrol loss, highbush blueberries from Michigan, rabbiteye blueberries from Mississippi, and
lowbush blueberries from Nova Scotia were obtained raw. The highbush and lowbush berries
showed reductions of 46% and 26%, respectively, when baked at 190 °C for 18 minutes as they
would be in muffins. Resveratrol could not be detected in the rabbiteye blueberries.’

Juice

In production of blueberry juice the yield was 83% by weight, but only 32% of the
anthocyanins were retained. The amount of anthocyanins remaining in the berry press-cake
residue was 18%. Other berry content recovered in the juice includes 35% of flavonols, 43% of
procyanidins, and 53% of chlorogenic acid. The large loss of anthocyanins and other
polyphenolics during processing was believed to be due to polyphenol oxidase in the berries.
Further losses during concentration of the juice included 20% of procyanidins. The profile of
anthocyanins was greatly altered, with delphinidin glycosides being the least stable and malvidin
glycosides the most stable.”®

The effects of storage on anthocyanin and ORAC after 1 day and 1, 3, and 6 months was
compared between highbush blueberries frozen 1-month versus clarified and nonclarified juice
from the same batch of frozen berries. After blanching for 3 minutes at 95 °C, the enzymatically
depectinized berries were pressed and half of the juice was clarified by centrifugation. Both juices
were bottled in glass and some of each was heated to 90 °C for pasteurization. All were capped
and stored at 25 °C in the dark. Compared to the frozen berries after 1 day, the non-clarified non-
pasteurized juice and non-clarified pasteurized juice had significantly less monomeric
anthocyanins and lower ORAC, but significantly more anthocyanins and higher ORAC when
compared to clarified, non-pasturized juice and clarified, pasteurized juice.”

This demonstrates that clarifying the juice initially produced a greater diminishment in
anthocyanin and antioxidant capacity than pasteurization. Pasteuriation caused only minor
alterations of these parameters, though all forms of juice were significantly diminished compared
to frozen berries. In addition, pasteurized juice retained anthocyanins following 1, 3, and 6
months of storaged better than non-pasteurized juice. After 6 months of storage, clarified and
non-clarified unpasteurized juices retained only 15% and 23%, respectively, of the original
anthocyanins.” A similar but greater degradation was shown with procyanidins, with only 19%
and 23% initially retained in clarified and non-clarified juices, respectively, and these were

reduced after 6 months of storage to 8% for clarified and 11% for non-clarified juice compared to
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procyanidins found in the frozen blueberries. However, for procyanidins the losses from
pasteurization were greater than from clarification.**

Another study using 2 cultivars of rabbiteye blueberries prepared an extract from frozen
berries by thawing, blanching, milling, treating with pectinase, centrifuging, collecting the
supernatant, heating to 85 °C, then cooling to 30 °C and storing in glass bottles. This is equivalent
to a clarified and pasteurized juice. After pressing and heating the extract, the total polyphenols,
total anthocyanins, and Trolox equivalent antioxidant capacity (TEAC) recovered were about
25%, 29%, and 65%, respectively. For individual anthocyanidin of both cultivars, malvidin and
cyanidin glucosides recovered were about 22%, whereas for peonidin glucoside and arabinoside it
was about 55%. After storing the extracted juice at -20, 6, 23, and 35 °C for up to 60 days, the
further phytochemical losses were progressive but less than the initial losses from processing.
Freezing and storage at low temperatures are best for preserving bioactive components.®

In still another study non-clarified pasteurized juice from blanched and non-blanched
highbush blueberries was stored for 4 months at 23 °C. After storage, total anthocyanins changed
by -64% to -82% with blanching and -74% to -79% without blanching, while total phenols
increased 28% to 30% without blanching and 15% to 25% with blanching. Blanching reduced the
losses in total juice antioxidant activity during storage of -26% to -30% and brought them down
to -21% to -22%. Blanching acts by reducing enzymatic degradation and/or improving extraction
on phenolics. So, decreases in anthocyanins and antioxidant activity after juice storage were
smaller when the berries were blanched beforehand.”

Dried extracts

Five dehydrated extract products of blueberry (and 11 such extracts of bilberry) sold as
commercial dietary supplements in the forms of tablets (2 products), soft capsules (2 products),
and granules (1 product) were obtained and tested for anthocyanin deterioration using ultra-high
performance liquid chromatography, along with assessing the thermal stability. After exposure to
70 °C for 5 days, the increases in anthocyanidins was mirrored by a decrease in anthocyanins. The
increase in the degradation index due to thermal breakdown was greater for blueberry granules
than for bilberry soft capsules that was likewise greater than for bilberry tablets. The degradation
index for anthocyanins in different blueberry extracts showed that the breakdowns during storage
in granules were also higher than for tablets and soft capsules. This study illustrates that
anthocyanin degradation occurs in dried blueberry extracts, as it does in blueberry juice.!®
Jams

Fresh blueberries made into jams were tested for polyphenolic content and antioxidant

activity immediately after processing and during storage for 6 months at 4 °C and 25 °C. Jam

37



Blueberries

processing and storage resulted in large losses of anthocyanins and procyanidins and decreases of
chlorogenic acid, while ORAC was lowered during processing, but flavonols were retained well
during both. Storage at 4°C led to fewer losses than at room temperature, indicative of the
benefits of refrigerating jams to maintain polyphenolic content and antioxidant capacity.!®!

Effects of processing

Fresh blueberries have a shelf life of only several weeks when refrigerated, whereas
frozen berries maintain their value for months. Freeze-dried blueberries kept at low temperature
offer the best prospect for long-term storage. Processing of fresh and frozen blueberries results in
significant reductions in monomeric anthocyanins and antioxidant capacity. Further degradations
occur during storage in all heat-processed products, including canned blueberries, purees, and
juices, resulting after 6 months in less than 40% of the total anthocyanins initially in the
processed products. Since polymerization of the monomeric anthocyanins occurs during storage,
smaller losses in antioxidant capacity occur. For canned berries 14% to 25% of anthocyanins are
leached into the water or syrup.®® Procyanidin losses were generally even greater, both after initial
processing and after 6 months.”* Blanching the blueberries helps preserve the phytochemicals and
antioxidant activity in whole canned berries more than for the juice.” Dried blueberry extracts
taken as dietary supplements are subject to undergoing greater degradation at higher

0

temperatures,'® much like the blueberry jam.!%!

Summary

Though blueberry species and cultivars vary in amounts of anthocyanins,
proanthocyanidins, and stilbenes, they all contain these potent free radical scavengers that provide
protection from oxidative stress. Processing or storage that involves exposure to heat diminishes
phenolic content. Importantly, the anthocyanin antioxidants penetrate the blood-brain barrier and
help preserve nerve integrity, especially as it applies to aging and memory. In the cardiovascular
system and beyond, blueberry polyphenolics can help reduce the trend toward atherosclerosis,
high blood pressure, and type 2 diabetes that predispose to the growing scourge of metabolic
syndrome. Likewise, to help reduce the tendency toward cancer initiation, the inclusion of
blueberries in the diet adds important components that may help protect against damage from
radiation and carcinogens. Since heating leads to a breakdown of bioactive blueberry
components, research findings support the preferred consumption of fresh, frozen, and/or freeze-

dried blueberries.
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Cranberry

While cranberry has long been consumed as part of the American Thanksgiving celebration in
November, over the last 50 years its juice has also been popular for helping prevent urinary
tract infections. More recent research demonstrates that its usefulness extends beyond being a
tangy seasonal treat or a locally beneficial beverage. The anti-adhesion effects of this berry on
pathogenic bacteria affecting mucosa can also impact the gastrointestinal tract. In addition,
the antioxidant activity yields systemic advantages for the cardiovascular system, especially for
those with problems associated with metabolic syndrome, as well as providing chemopreventive
potential. This red cousin of the blueberries yields similar components and familiar traits.

Antioxidant content and bioavailability

The potent antioxidant activity of cranberry (Vaccinium macrocarpon) anthocyanins
(peonidin- and cyanidin-3-galactoside, -arabinoside, and -glucoside) along with its flavonols
(quercetin, myricetin), flavan-3-ols (proanthocyanidins, epicatechin), phenolic acids (benzoic,
coumaric, sinapic, caffeic, and ellagic acids) and stilbene (resveratrol) holds promise for helping
lower the risk of chronic disease.'” Based on fresh weight, the free and total phenols in mg/g
cranberries decrease in concentration in commercial products going from powdered to dried to
frozen to whole berry sauce to jellied sauce, and in mg/ml in beverages from juice to juice
mixtures to juice cocktail to white juice.> Cranberries are also high in antioxidant carotenes
especially when fresh, as compared by weight to the dried sweetened berries or the juice or juice
cocktail.> Heat and oxygen, along with light and alkalinity, destabilize anthocyanin content of
cranberry juice.*

The content of proanthocyanidins (PACs), also called condensed tannins, in raw berries is
much greater than in the juice or juice cocktail. Procyanidins, a subclass of PACs, are a mixture
of linked catechin and epicatechin units which in cranberry consist largely of epicatechin. Unlike
most other foods, the procyanidins in cranberry are linked via A-type bonds that are responsible
for the unique anti-adhesion action.” It is these PACs in cranberry that are primarily credited with
its helping prevent UTIs, since the juice and its organic acids fail to adequately lower urine pH as
once was believed.'”

The greatest phytochemical difference between cranberry juice, cranberry water extracts,
and the whole cranberry is the vastly higher content of the triterpenoids ursolic acid and its ester
found in the whole berry. Fresh V. macrocarpon cultivars contain from 0.05% to 0.1% ursolic
acid, while V. oxycoccus has only 1/4 to 1/8 this amount. Whole dried cranberry powder has from
0.85% to 1.37% ursolic acid.® When the phytochemical content and radical scavenging activity of

ethanolic extracts of 4 cranberry cultivar presscakes (berry material left after juice is expressed)
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and of the whole berries were compared, presscake extracts radical scavenging activity were only
slightly less than for whole berry extracts, while phenolic and anthocyanin content of presscake
extracts were greater, likely due to greater presscake content of berry skins.” The lack of ursolic
acid in cranberry juice and high phenolic content of the berry presscakes illustrates the
phytochemical advantage of consuming whole cranberries over juice.
In Humans

The main phenolic metabolites are cyanidin- and peonidin-3-glycosides,*” hippuric acid,
salicyluric and dihydroxybenzoic acids, and quercetin glucuronide.® Most cranberry phenolic
compounds and/or their metabolites have been found to be bioavailable in the plasma or excreted
in the urine.* A single dose given to 10 healthy adults over the age of 50 years, using a low-
calorie cocktail with 54% cranberry juice, showed individual variability with different
compounts. The total antioxidant capacity of the plasma correlated with the peaks of certain
phenolic metabolites after 30 minutes and again after 6-8 hours. The first plasma peaks for most
phenolic acids, flavanols, and flavonols appeared in 0.5-2.6 hours, in concentrations substantially
higher than similar timed peaks for anthocyanins. Total phenolic bioavailability in the plasma
followed a bimodal pattern, reaching a second peak level of 34.2 mcg/ml between 8-10 hours, but
the anthocyanins were absent at this time. Urinary peaks for total phenolics occurred 2-4 hours
earlier than for plasma. PAC-A2 dimers in the urine rose to a maximum of 24.4 ng at 11 hours
and diminished gradually over the next 14 hours.®

Use for urinary tract conditions

Cranberry products have been effective for preventing UTIs range in forms from the
liquid cranberry juice to the juice cocktail and from solid spray-dried juice to cranberry tablets or
encapsulated fruit powder.' An advantage of cranberry powder in capsules or tablets is avoidance
of the intake of necessary sweeteners added to the juice cocktail.?

In Humans

Consumption of cranberry for health has been mostly associated with using its juice to
lower the risk of urinary tract infections (UTIs). UTIs are 50 times more common in women than
men, so that about 50% of women will have one or more UTI in their lifetime, accounting for
over 7 million physician office visits for this condition each year.! Daily consumption of 300 ml
of the juice high in organic acids such as quinic, malic and citric acids reduces the amount of
bacteria and white blood cells in the urine significantly after 2 months. However, besides added
sweetener, cranberry juice has lost much of the nutritional content in the berries,” as shown in the

high phenolic content of presscakes after juice extraction.’
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A study on asymptomatic bacteriuria in 188 pregnant women randomized them to 240 ml
low-calorie (sucralose-sweetened) cranberry juice cocktail (27% cranberry juice with 106 mg
PACs) 2-3 times daily (n=58), placebo 2-3 times daily (n=63), or cranberry once and then
placebo twice daily (n=67) with meals. Among those who completed the study compliance was
poor and use lasted about 6 months, while about 39% (n=73) dropped out after about 2 months
due in part to nausea, vomiting, diarrhea, or dislike of taste (n=44). There was a trend for fewer
asymptomatic and symptomatic UTIs among those who used multiple cranberry doses, but less so
for the single cranberry dose group, than for those taking only placebo, but the differences were
not significant. There were no differences in obstetrical or neonatal outcomes between groups. '°

In a 2008 Cochrane Review of ten studies of good methodology using cranberry products
to prevent UTIs with 1049 total subjects, 5 were crossover studies and 5 were parallel-group
studies. Seven compared cranberry juice with water, juice or placebo, while 3 used cranberry
tablets compared to placebo. The durations ranged from 1 to 12 months, while 5 studies lasted 6
months. Half of the studies showed a decreased incidence of UTIs with cranberry use, with
results more effective for women than in the elderly. However, due to the different products,
doses, and durations reviewed, no absolute judgement can be rendered on the basis of this
review.!! The results appear to be different when used during a UTI rather than for prevention. A
2011 placebo-controlled, double-blind study of 319 college women treated for acute UTI found
no difference in the recurrence rate over 6 months of those taking 8 oz twice daily of a 27%
cranberry juice than those using placebo.!?

When 12 women who had 6 UTIs in the previous year were given cranberry extract
capsules twice daily for 12 weeks to provide about 100 mg per day of total PACs, none developed
a UTI during that time (when a total of 24 UTIs would have been expected). Eight continued with
various cranberry products for 2 years with no recurrences of UTIs, while four stopped taking
cranberry supplements. Of those who stopped, two developed symptoms that resolved with
resumption of cranberry products, and one had a UTI treated with antibiotics but resumed
cranberry use and had no further symptoms.'> When 8 o0z (240 ml) of cranberry juice cocktail was
given with the oral beta-lactam antibiotics amoxicillin and cefaclor, used to treat resistant
organisms in recurrent UTIs, there was no significant effect on the oral absorption or renal
clearance of the antibiotics.'*

Effects can vary when using different forms. Women with at least 3 UTIs in the prior 6
months were randomized in groups of 37 and given in a double-blind fashion within 6 hours of
sexual intercourse (at least once every 2 weeks) either whole cranberry powder, cranberry extract

with 36 mg PAC-A, or placebo. Those receiving whole cranberry powder had the lowest
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recurrent cystitis episode rate after 45 days: 10.8% for the powder, compared to 18.9% for the
extract and 43.2% for placebo. The average number of days prior to the first infection was also
less for the powder (22 days), compared to the extract (8 days) and placebo (4 days), independent
of the first incidence of intercourse (2 days on average for each group) or average number of
sexual relations prior to symptoms (12.3, 8.4 and 11.5, respectively).!?

In 20 women with recurrent UTIs (2 within the past 6 months and/or at least 3 within the
last year), a 42 gram serving of sweetened dried cranberries was consumed once daily for 2
weeks. In comparison with the number of UTIs in the prior 6 months, there was a significant
reduction in the UTI rate in the 6 months after consuming the dried cranberries. Also, the time
until the first UTI after beginning consumption was significantly greater, compared to a previous
group of control patients. '

In another study of UTI recurrence, 213 women of ages 20-79 years participated; 188 had
multiple recurrences within the prior year. Of these subjects, 107 consumed a 125 ml bottle of
cranberry juice once daily at bedtime for 24 weeks, while the others drank a placebo beverage. Of
the 118 over the age of 50 years with acute uncomplicated cystitis, significantly fewer (29.1%)
who used cranberry juice had a relapse, compared to the 49.2% who relapsed taking placebo.!”

In 20 women of average age of 35.2 years with recurrent postcoital urinary tract
infections, a sachet of cranberry extract yielding 118 mg of PACs was given once daily for 3 days
after their first sexual intercourse in a week, then they received one sachet only on the day after
the second and subsequent sexual encounters. If symptoms occurred during the first 2 days after
intercourse, they received antibiotic treatment. The number of infections in the 3 months prior to
taking the extract averaged 2.8, but with cranberry extract this was significantly reduced to 0.7
after 3 months and 0.2 after 6 months, an improvement of 93%. At baseline, all 20 had infections
with positive urine cultures for Escherichia coli, but after 6 months only 3 had symptomatic
infections, 2 of which were E. coli. Quality of life rating assessments significantly improved from
62.4 at baseline to 78.2 after 6 months, a 20% improvement.'®

In a randomized, controlled, double-blind study with 137 women over 45 years of age
who had 2 or more urinary tract infections treated with antibiotics in the previous 12 months, 69
used 500 mg of cranberry extract while 68 took 100 mg of the antibiotic trimethoprim at bedtime
for 6 months. During this period after 17 withdrawals due to adverse effects (6 from cranberry
and 11 from trimethoprim), 25 in the cranberry group and 14 in the antibiotic group had another
antibiotic-treated urinary tract infection. Though trimethoprim was more effective, the difference
in relative risk was not significant, and cranberry had fewer adverse effects. The time to the first

recurrence and the median time to recurrence were not significantly different between groups.'’
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Cranberry has also been shown useful in male urinary tract conditions. Half of 42 men
with lower urinary tract symptoms from benign prostate disease (nonbacterial prostatitis, elevated
PSA, and negative prostate biopsy) were given 1.5 grams per day of encapsulated dried cranberry
powder for 6 months. In contrast to the 21 controls, the men receiving the cranberry powder
showed significant improvements in urinary symptom scores including flow rate, total volume,
and post-void residual urine volume, along with lower Prostate Specific Antigen (PSA) levels. In
addition, the International Prostate Symptom score and quality of life were also improved
significantly in the group receiving cranberry.?? The whole berry powder appears to have more
activities than simply preventing bacterial adhesion to the bladder mucosa, which was not a factor
addressed in this study.

When 12 healthy men were given 330 ml of cranberry juice to detect its effect on pH
over a day, a significant acidification of the urine took place. Also, uric acid and oxalic acid
content of the urine were significantly increased, while brushite and struvite urinary levels tended
toward a decrease. Cranberry juice was considered a possible means for treating brushite and
struvite stones.?! In another study with 12 normal subjects and 12 calcium oxalate stone formers,
consuming 1 liter of juice daily for 7 days was compared to de-ionized water effects on urine and
blood chemistry. Again, urinary oxalate was significantly increased by the cranberry, while
urinary pH and brushite decreased significantly. However, in this study urinary uric acid also
decreased significantly, as did serum uric acid.?

Preventing bacterial adhesion
In Humans

In a randomized, controlled, double-blind, multicentric study 295 asymptomatic children
of ages 6-16 years tested positive for Helicobacter pylori by the C-urea breath test. Equivalent
groups were given cranberry juice with the probiotic Lactobacillus johnsonii that was either live
or heat-killed and compared with groups given placebo juice combined with the live or killed
bacteria. Of the 271 that completed treatment (8.1% dropout), H. pylori eradication was shown to
be 22.9% for cranberry/live probiotic, 16.9% cranberry/dead probiotic, 14.9% placebo/live
probiotic, and 1.5% for placebo/dead probiotic. Compared to the placebo/dead probiotic group,
the eradication was significant for the other 3 groups, but differences between these 3 groups
were not significant.??
In Vitro

Cranberry juice dose-dependently prevents adhesion of pathogenic E. coli to urinary tract

mucosal tissue exposed to the urine following juice consumption, compared to exposure to urine

after receiving a placebo, in a randomized crossover study with 20 subjects.?* In an in vitro study
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of 3 commercial extracts standardized to proanthocyanidins against bacteria associated with
biofilm production on urinary catheters, the inhibition of growth and biofilm production was
observed at minimum concentrations ranging from 0.01-5 mg/ml for Gram-positive
Staphylococcus spp. (including S. epidermidis, S. aureus, methycillin-resistant S. aureus
[MRSA], and S. saprophyticus), but not for the Gram-negative E. coli. Also, the extracts did not
eradicate established biofilms in vitro.”

The potential benefits of cranberry are not limited to the urinary tract. The anti-adhesion
effect also inhibits attachment to human mucosal cells by Helicobacter pylori, the bacteria
responsible for most gastric and duodenal ulcers and potentially leading to gastric cancer. This
has been shown in a randomized, double-blind study with 189 adults with H. pylori infection
given 250 ml of cranberry juice or placebo twice daily for 90 days. After 35 and 90 days, 14.4%
of the cranberry group were negative for H. pylori based on urea breath test, compared to 5.4% of
the placebo group.?®

Similarly, the effects of cranberry polyphenols on Porphyromonas gingivalis, the main
agent involved in chronic periodontitis, include reduced adhesion and formation of biofilm, along
with similar effects on other species including Treponema denticola and Tannerella forsythia.*’ A
cranberry fraction also inhibits adhesion of Strepfococci and Actinomyces to tooth surfaces and so
may help prevent cavities when taken in liquid form.'! Cranberry juice and its 65%
proanthocyanidin fraction inhibit biofilm formation and organic acid production by Streptococcus
mutans and S. sobrinus. They also inhibit the adhesion of these and other streptococcal cariogenic
bacteria which may further help reduce dental cavities. In addition, they decreased production of
proteolytic enzymes involved in destroying the extracellular periodontal matrix.?” The juice
fraction in low concentration also reduced the metabolic activity of S. gordonii in biofilm may
likewise benefit oral health.*®

A 2012 review article on cranberries in vitro studies on bacterial anti-adhesion activity
showed all 7 studies found anti-adhesion effects, 6 of 7 found the effect dose-dependent, and 5 of
the 7 used post-cranberry consumption urine as the tested agent. Besides E. coli, other species for
which mucosal adherence was inhibited by cranberry extracts include Proteus spp., Pseudomonas
aeruginosa, Enterococcus faecalis, Staph. aureus, Salmonella typhimurium, and Klebsiella
pneumoniae.”® As for antimicrobial activity, results in testing 50 mcL of 4 cranberry cultivar
ethanolic extracts against 10 Gram-positive and -negative species and 8 yeast found that Gram-
positive Micrococcus luteus and Bacillus cereus were the most sensitive and Gram-negative E.
coli was the least sensitive. Moderate activity was shown with some pathogenic species including

Enterococcus faecalis, Listeria monocytogenes, Salmonella typhimurium and Staphylococcus
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aureus. The positive control combination of 30 mcg ceftazidime with 10 mcg clavulanic acid was
more effective than cranberry against all bacteria except B. cereus. The yeast were not inhibited
by the cranberry extracts.’

Immune effects

In Humans

A randomized, placebo-controlled, double-blind study used 450 ml of cranberry beverage
made from juice-derived powdered cranberry fraction high in proanthocyanidins that was given to
22 healthy adults daily for 10 weeks, and the incidence and symptoms of colds and flu was
compared with 23 receiving a placebo beverage. While the cranberry preparation did not affect
the incidence of viral respiratory infections, the total symptoms from these infections were
significantly less than for the placebo group. When peripheral blood mononuclear cells from the
cranberry group were cultured ex vivo with phytohemagglutinin, the cell proliferation was about 5
times greater than for the placebo group. In particular, the y5-T cells located in the epithelium as a
first-line defense were signicantly increased.*°

Effects on cardiovascular disease risk factors

In Humans

In spite of diminished antioxidant content in the juice, consumption of cranberry juice
cocktail in 30 obese men using increasing amounts of 125, 250 and 500 ml/day over three 4-week
periods led to a significant increases in high-density lipoprotein (HDL) after the last two
periods.!' In this same group, matrix metalloproteinase-9, implicated in cardiovascular risk, was
significantly reduced in the plasma after 12 weeks in association with significant reductions in
nitrites/nitrates and systolic blood pressure.*? In 30 healthy men of an average age of 51 years on
the same dosage schedule, oxidized low-density lipoprotein (LDL), intercellular adhesion
molecule-1, and vascular cell adhesion molecule-1 were all significantly decreased.*

Treated patients, 16 men and 14 women with type 2 diabetes, taking oral hypoglycemic
medications were randomized to receive 500 mg capsules of cranberry extract or placebo 3 times
daily after meals for 12 weeks. The cranberry extract group, while showing a neutral effect on
glycemic control, had significantly lower total cholesterol and LDL-cholesterol than the placebo
group.* In men with type 2 diabetes, high apoB and low apoA-1 are better predictors of high risk
of cardiovascular disease than high non-HDL and low HDL, respectively. When 58 men with
diabetes type 2 were given either a cup (240 ml) of cranberry juice or placebo daily for 12 weeks,
those consuming the juice had significantly lower apoB and significantly higher apoA-1 than

baseline values and placebo group values. Also, the fasting serum glucose was significantly lower
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and paraoxoanase-1, an HDL-associated enzyme, was significantly higher in the cranberry juice
group than the baseline and placebo group values, as well. ¥

In coronary heart disease patients, 14 were given 480 ml double-strength cranberry juice
in a single dose and showed improved brachial artery flow-mediated dilation after 4 hours in an
uncontrolled acute pilot study. In 44 coronary artery disease patients given the same dose daily
for 4 weeks in a randomized, placebo-controlled crossover design, the average carotid-femoral
pulse wave velocity that indicated central aortic stiffness was decreased by the cranberry juice, a
significant difference from the increase found with placebo, but flow-mediated dilation did not
change.®

When 500 ml of cranberry juice cocktail (27% juice) or placebo was given daily for 4
weeks to 35 abdominally obese men, there was no significant difference in the augmentation
index, a measure of arterial stiffness, between the juice and placebo groups. However, in those
men with metabolic syndrome who drank the juice cocktail, the resting augmentation index
values were significantly lower and the response to salbutamol and glyceryl trinitrate was
significantly greater than for the men without metabolic syndrome.’

In 16-20 healthy subjects taking 1200 mg of dried cranberry juice daily for 4-8 weeks, the
serum levels of advanced oxidation protein products was significantly decreased compared to
baseline or levels of 23 taking placebo or 18-19 taking only 400 mg dried juice daily, indicating a
protection against oxidative stress.® However, another study that gave 750 ml/day of cranberry
juice for only two weeks to 20 healthy women of ages 18-40 years found no changes in LDL,
HDL, or plasma antioxidant potential.*

In 56 individuals with metabolic syndrome, the 20 given 700 ml of low-calorie juice
daily for 60 days had significant increases in serum folic acid and significant decreases in serum
homocysteine, compared to baseline values. There was also significant increases in serum
adiponectin and significant decreases in lipoperoxidation and protein oxidation, compared to both
baseline and the control group. Groups were matched by sex, age, and ethnicity.>> When 31
women with metabolic syndrome were randomized, 15 were given 480 ml (2 cups) daily of low
calorie cranberry juice for 8 weeks and compared to a 16 given a placebo control in a double-
blind manner. Compared to placebo, the juice significantly increased plasma antioxidant capacity
and decreased oxidized LDL and malondialdehyde, a marker for lipoperoxidation. No significant
changes were noted in glucose, lipid profiles, blood pressure, C-reactive protein, or IL-6 with this
low-calorie cranberry juice.*

Compared to low-calorie juice and water, normal-calorie cranberry juice led to significant

elevation of blood glucose after 30 minutes, but the difference was no longer significant after 180
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minutes. Plasma insulin was significantly higher after 60 minutes but not after 120 minutes.
Blood pressure and heart rate were unchanged.*! Similarly, in 13 patients with type 2 diabetes the
plasma glucose peak at 30 minutes was 7.0 mmol/L for 55 grams of raw cranberries, compared to
9.6 mmol/L for 40 grams sweetened dried cranberries. The plasma insulin peak for the sweetened
was 157 pmol/mL at 60 minutes, whereas for the raw it was only 61 pmol/mL at 30 minutes.**
Six capsules daily of juice powder for 6 weeks was shown to not raise fasting glucose or
glycosylated hemoglobin, while after 12 weeks insulin levels were lowered, compared to
placebo.?

In Animals

In studies of rats fed high fructose diets, the addition of freeze-dried cranberry powder at
3.3 or 6.6 grams/kg led to normalization to control values of the glucose area-under-curve
following an oral glucose tolerance test, as well as improving models of insulin resistance and
beta-cell function. Increases in plasma triglycerides and kidney weight due to high fructose were
prevented by cranberry powder.*

Rats fed an atherogenic diet with or without 5% freeze-dried cranberry powder for 6
weeks had higher HDL-cholesterol than normal controls or those fed the atherogenic diet.***
Average serum levels of inflammatory markers C-reactive protein and IL-1beta were significantly
lower in the cranberry group than the atherogenic diet-only group. Nitric oxide and anti-
inflammatory IL-10 were higher by 88% and 29%, respectively, in the cranberry group over
atherogenic controls.** The freeze-dried cranberry powder also significantly protected against
oxidation of lipids and proteins, based on other markers.*

Cranberry flavonoids were shown to ameliorate insulin resistance and improve plasma
lipids in obese mice due to mediation of the adiponectin-AMPK pathway, whereas in normal
mice these flavonoids reduced plasma cholesterol by downregulation of hepatic cholesterol
synthesis.*® Animal studies with juice powder also found a reduction of low density lipoprotein
(LDL) oxidation ex vivo and lowering LDL levels in vivo.'? Cardiovascular health is further
promoted by reduced platelet aggregation and vasodilation, as shown in animals given cranberry
juice.?

Cancer research
In Humans

Consumption of cranberry juice has resulted in the elevation of urinary salicylate
concentrations in women who were not using aspirin or other salicylate drugs. After taking 750
ml/day for one week, salicylic acid and it metabolite, salicyluric acid, were markedly elevated in

the urine, and after two weeks salicylic acid was significantly increased in the plasma. The anti-
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inflammatory effects of this compound may be associated in part with lowering the risk of colon
cancer following consumption of fruit and vegetables.*’
In Animals

A freeze-dried acidified methanolic fraction was made from the cranberry presscake after
juice extraction. When tested against a human tumor line in vivo, the presscake flavonoid fraction
and a whole cranberry water extract rich in PACs were injected intraperitoneally in mice.
Glioblastoma multiforme tumors were significantly reduced in size by both extracts after 10
injected over 21-24 days, compared to controls, and took significantly longer to reach a series of
specified sizes. The PAC extract likewise significantly inhibited the grown of colon carcinoma
and prostate cancer DU145 tumor explants for which it was used, arresting growth in the G1 cell
cycle phase.*® The presscake fraction activity demonstrates the potency of compounds left behind
after juice extraction, especially ursolic acid. However, results from injecting extracts cannot be
extrapolated to oral dosing, due to reduced bioavailability with oral consumption.

Diets supplemented with 0.05%, 0.1%, or 0.25% ursolic acid all reduced injected
mammary tumor cell growth in mice, with the 0.1% (about 106 mg/kg daily) being most effective
at preventing palpable tumor growth and decreasing tumor size.** Even with the loss of
unextracted material, cranberry juice concentrate was still shown to reduce the number of urinary
bladder cancers 38% compared to placebo when given in a dose of 1.0 ml by gavage (throguh
tube into stomach) daily following exposure to the carcinogenic N-butyl-N-(4-hydroxybutyl)-
nitrosamine. No toxicity or weight loss ensued. Quercetin and its methylated derivative were
detected in the urine.>
In Vitro

The antiproliferative effect against human cancer cell lines was investigated for a total
cranberry extract rich in organic acids (30.0%), total polyphenols (10.6%), PACs (5.5%), and
anthocyanins (1.2%). The total extract was compared with the separated fractions for activity
against human oral, colon, and prostate cancer cell lines. The most active against all cell lines was
the total polyphenolic fraction. The total cranberry extract was more active than the other
fractions against oral and colon cancer cell lines, while the total extract and all fractions had
greater than 50% antiproliferative activity against prostate cancer cells.’! Though exposure of
colon and prostate cells in vivo to all of the components of the total extract or its fractions is
impractical, oral tissue has immediate exposure to the entire complement of components.

More pertinent for oral dosing of liquid cranberry prepartions is its effect on oral cancer,
especially the most common type, squamous cell carcinoma. In 2 well-characterized tissue

cultures cranberry extract with 95% PACs, including 80-90% oligomeric PACs, dose-
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dependently inhibited proliferation of oral squamous cell carcinoma, as well as up-regulating
caspase-2 and -8, key regulators of apoptosis. These effects were similar to those shown with
grape seed extract that is also high in PACs.>?> Along with grapes and other Vaccinium species,
cranberry is also relatively high in the antioxidant stilbene compound resveratrol that has been
shown to possess cancer chemopreventive properties in vitro.>

The situation is similar for the esophagus. Esophageal adenocarcinoma and its precursor,
Barret’s esophagus, are increasing rapidly over the past several decades. A proanthocyanidin-rich
extract of cranberries was tested against human esophageal adenocarcinoma cells in vitro. The
extract induced cell cycle arrest at G1 and resulted in significant apoptosis. The extract modulates
cell cycle regulation, aberrant proliferation and apoptosis, all of which are altered during
progession to esophageal adenocarcinoma.’* The PAC-rich extract's demonstrated ability to
modify microRNA profiles in esophageal adenocarcinoma and Barrett's esophagus is in part
responsible for its cancer inhibitory potential.>

Another illustration of how much activity of the berry is left behind after extracting the
juice, the proliferation of 8 different tumor cell lines has been shown to be inhibited by a freeze-
dried acidified methanolic fraction made from the cranberry presscake after juice extraction. This
fraction contained flavonols, anthocyanins, flavan-3-ols, and PACs. The minimum concentrations
of this fraction that inhibited 50% of the growth (ICso) for androgen receptor-negative prostate
carcinoma cells (LNCaP line) was only 10 mcg/ml, while for lung cancer cells (DMS114 line) it
was 21 mcg/ml. The effect was concentration dependent and continued for at least 4 days after
the extract was withdrawn in an estrogen-negative breast cancer line.

Similarly, a 100:1 (fresh wt.:extract) freeze-dried whole cranberry methanol and acetone
extract was shown at 25 and 50 mcg/ml to significantly reduce viability of the same prostate
cancer cell line (DU145) when treated for only 6 hours. This was accompanied at 50 mcg/ml by
significantly decreased expression of cell cycle related proteins CDK4, cyclins A, B1, D1, and
E.>® Ursolic acid and its esters, highest in products prepared with whole fruit, inhibited DU145
tumor cell growth at micromolar concentration, due in part to inhibition of matrix
metalloproteinase-2 and -9 activity.

Doubling quinone reductase activity was achieved by cranberry ethyl acetate fraction at
43.7 mcg tannic acid equivalents (TAE). Cranberry crude methanolic extract at 7.0 mcg TAE and
the polymeric proanthocyanidin fraction at 6.0 mcg TAE inhibited by 50% the ornithine
decarboxylase activity induced by the tumor promoter phorbol 12-myristate 13-acetate.™

It is clear that cranberry has shown potential for inhibiting cancer development and

growth preclinically, but more in vivo research on cranberry administered orally or by gavage as a
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means of chemoprevention of cancer is needed before conclusive evidence is available.® In
addition, cranberry and blueberry have many similar compounds and activities in modulating
mechanisms and markers of cancer and cardiovascular disease. The similarities are accompanied
by distinctive differences as well.*°

Cranberry cultivation area, pesticides, and cancer risk

One concern about cranberries has to do with the use of pesticides in the process of
cultivation and the subsequent risk of developing cancer of those who live near cranberry bogs.
Eight types of cancer were assesed in a case-control study that looked at cases diagnosed in the
Cape Cod area of Massachusetts from 1983 to 1986. The incidence of leukemia and cancers of
the lung, breast, colon/rectum, bladder, kidney, pancreas, and brain were compared between those
living in proximity to cranberry bogs and control subjects randomly selected from telephone
subscribers, Medicare beneficiaries, and deceased subjects. There was no increased risk
associated with having ever lived within 2600 ft of a cranberry bog for 7 of the cancers, but brain
cancer risk was 2-fold greater overall, and 6.7-fold greater for astrocytoma.®!

Since many pesticides mimic estrogen, a further population-based case-control study was
undertaken with 1,165 women diagnosed with breast cancer from 1988-1995 who were residents
of Cape Cod. Comparisons were made to 1,006 controls. A modest increase in breast cancer risk
was associated with the aerial application on cranberry bogs of persistent pesticides.®® The need
for pesticide use for the gypsy moth increased with selection for cultivars that have increased

yields and fruit quality traits but lower concentrations of self-defensive phytochemicals.®

Cranberry in pregnancy

Women suffer from UTIs more frequently in pregnancy, and a survey of 400 postpartem
women found that, though cranberry was one of the most commonly used "herbs" during
pregnancy, no adverse events were associated with its regular consumption.® The Norwegian
Mother and Child Cohort Study of 68,522 pregnant women found that 919 had used cranberry.
Use in pregnancy was not associated with any increased risk of neonatal death or stillbirth, or low
birth weight, preterm birth, small for gestational age, Apgar score of <7, neonatal infections, or
vaginal bleeding in early pregnancy. Maternal vaginal bleeding pregnancy after week 17 of
gestation was associated with cranberry use in late pregnancy, but not severe bleeding. Of the 554
cases of UTIs in which cranberry was ingested, 300 did not employ antibiotics. Cranberry has not
been shown to be effective in treatment of UTIs. UTIs with exposure to cranberry but without

antibiotic treatment had increased odds ratios for stillbirth/neonatal death, small for gestational
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age, and neonatal infections, so cranberry should not be relied upon for treating UTIs in
pregnancy.®
Warfarin interaction risk

Contrary to case reports suggesting cranberry juice may inhibit S-warfarin metabolism, a
human study with 10 healthy subjects taking 200 ml of the juice or water 3 times daily for 10
days found the juice has no significant effect on S-warfarin metabolic enzymes CYP2C9 or
CYP3A, nor did it change warfarin's anticoagulant effect.®® This was confirmed with 30 patients
on stable warfarin anticoagulation dosage who were randomized to consume 240 ml of cranberry
juice or water once daily for 2 weeks. The average concentrations of plasma R- and S-warfarin
did not differ between groups, and 4 patients in both groups showed slightly elevated INRs.®’

Cranberry extracts for radiation cystitis

In a study with 370 patients treated with radiation for prostate cancer, for 6-7 weeks 184
of the men daily received 200 mg of enteric-coated cranberry extract standardized to 30% PACs.
Only 8.7% of patients on cranberry had lower urinary tract infections, significantly lower than the
24.2% on placebo. In addition, cranberry extract significantly reduced dysuria, nocturia, and
urinary urgency and frequency, compared to placebo, indicating a general protective effect.®®

In a randomized, placebo-controlled, double-blind study with 40 men with prostate
cancer treated by radiation for 9-10 weeks, half received a capsule of cranberry extract with 72
mg of PACs daily during treatment plus 2 weeks afterward. Those taking the cranberry extract

had a lower incidence of radiation cystitis (65% vs. 90%) and significantly less pain/burning.®

Summary

The usefulness of cranberry juice as a means of preventing urinary tract infections among
women is well recognized, due primarily to its anti-adhesion effect on E. coli and/or other
pathogenic bacteria, and its use in early pregnancy for this purpose may be effective and appears
to be safe. However, it is not advisable for use as a treatment for bladder infections, especially in
late pregnancy. Whole cranberry powder and powdered extract are also effective without the need
for added sweeteners. While the use of whole cranberry powder for urinary symptoms in benign
prostatic conditions in men may be advantageous, its benefits for bladder symptoms from treating
prostate cancer with radiation are becoming more evident.

Cranberry products have also been found to provide potential usefulness as
chemopreventive agents. The most compelling in vivo studies with cranberry freeze-dried powder
or human research using extracts and juice point to the benefits that can be derived for helping to
prevent and reduce cardiovascular disease risk markers. This is particularly true for patients who

are obese and/or have type 2 diabetes or metabolic syndrome. A disadvantage of cranberry
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products that have added sugar(s) is the increase in plasma glucose, but when considering the

potential benefits, it is clear that cranberries are not only good for Thanksgiving.
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IV. Rose Family Rubus and Aronia Berries

Among native American blackberries and raspberries of the Rosaceae (Rose) family, the black
raspberry is noteworthy for its size and value. As a representative of this diverse genus of food
plants, black raspberry will be discussed for its seemingly unique contribution for maintaining
health by helping to reduce the development of alimentary tract cancers. Within the same
Sfamily, the black chokeberry is an especially rich source of valuable polyphenolic antioxidants,
providing one of the highest contents of anthocyanins and procyanidins and greatest
antioxidant values of all plants measured to date.

The most popular berry of the Rose family is undoubtedly the strawberry, first cultivated
as the woodland European species (Fragaria vesca) in the early 17th century, but now usually
sold commercially as the hybrid of North and South American species (Fragaria * ananassa).
Like the strawberry, other berry plants of the Rose family are not of the luxuriant floral variety as
the beautiful Rosa species for which the family is named, but may like the Rubus species harbor
thorns on the stems. Some of the familiar commercial Rubus species originally from Europe are
now grown in America, including red raspberry (R. idaeus), European bramble or blackberry (R.
fruticosus) and evergreen blackberry (E. lanciniatus).

Many species of the Rubus genus are native to North America. Among these,
blackberries are widespread but regional, and most occur only in the wild such as Pacific
blackberry (R. vitifolius syn. R. ursinus). The most familiar American blackberry is R. villosus in
the northeastern and central United States. Blackberries have thorny stems, known as canes, that
bear leaves the first year and fruit the second year, after which they die. Currently, the American
blackberry cultivars are grown from leafy stem cuttings or root cuttings after being hybridized
from many wild species. The major areas of production are in the Pacific Northwest, Michigan,
and Arkansas.

The major difference between raspberries and blackberries is that when a raspberry is
picked ripe, it has a hollow center since the torus (receptacle of the inflorescence) remains on the
cane. This gives the berry a hollow appearance on the stem end, so that it resembles a cap.
Blackberries, in contrast to raspberries, retain the torus which is consumed as part of the berry.
Several wild species of raspberries are native to North America such as the Western blackcap or
blue raspberry (R. leucodermis) in the Pacific Northwest. American red raspberry (R. strigosus) in
the Northeast is known for both its fruit and its leaf used in herbal teas. Thimbleberry (R.
parviflorus) and salmonberry (R. spectabilis) that grow wild near the Pacific coast share the fruit

structure of raspberries.


http://en.wikipedia.org/wiki/Thimbleberry
http://en.wikipedia.org/wiki/Thimbleberry
http://en.wikipedia.org/wiki/Thimbleberry
http://en.wikipedia.org/wiki/Thimbleberry
http://en.wikipedia.org/wiki/Rubus_spectabilis

Black Raspberry

The black raspberry (Rubus occidentalis), though increasing in commercial cultivar
development, is not as widespread in the wild nor as broadly cultivated as blackberries. As with
other Rubus species, black raspberry shares with strawberries a high content of the
anticarcinogenic ellagic acid, but its concentration in the small hard seeds normally reduces the
bioavailability. Though there have not been extensive human studies on black raspberry's effects,
there has been significant preclinical research on the powdered freeze-dried fruit and its major
components. This is especially true regarding the prevention of cancers of the mouth, esophagus,
and gastrointestinal tract.

Aronia species of the Rose family are deciduous understory shrubs native to eastern
North America including Canada. Commonly known as chokeberries due to the astringency of
the berries, the two main species are the black chokeberry (Aronia melanocarpa) and the red
chokeberry (4. arbutifolia). The commercial development of these continues to grow; the sweeter
red berries persist into winter, while black chokeberries do not. A purported natural hybrid of
these is the purple chokeberry (4. prunifolia), considered by some as a separate species as it
grows in regions where neither parent species occurs.

The much darker black chokeberry is particularly high in antioxidant anthocyanins and
the astringent procyanidins. American black chokeberries were introduced to eastern Europe in
the 20th century and are now grown extensively in northeastern Europe. These plants have at
times been grouped with the genus Photinia, but recent molecular studies decidely refute a close
relationship. Chokeberries should not be mistaken with the chokecherry (Prunus virginiana).

Research data on different black raspberry cultivars is emphasized in cases of
comparative phytochemical content studies between them. As noted below, much of the
preclinical research utilizes the Ohio-grown black raspberry Jewel cultivar, but this and other
cultivars vary in content depending on location and maturity. In addition, the specific cultivars
utilized may not be noted by some researchers, so, in general, little attempt has been made to
compare the pharmacological differences. The three different chokeberry species are compared
phytochemically, but otherwise the research specifically involves black chokeberry, referred to

throughout the discussion simply as chokeberry.

Black Raspberry

The consistent effect of freeze-dried black raspberries in vivo has been to reduce the
development of cancer from precancerous conditions or induced by carcinogenic substances.
Anthocyanins of black raspberry such as cyanidin-3-rutinoside are limited by their poor

absorption, leading to more local effects in reducing cancer development along the alimentary
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tract from the mouth to the rectum. Its systemic protection is more likely due to ellagic acid,
made more available through powdering the freeze-dried berry with its seeds. However, no
single component or extract fraction has been able to duplicate the efficacy of the whole berry.
Much of the chemopreventive research on black raspberries is with oral consumption of the
freeze-dried berries.

Often referred to as black caps, black raspberries (Rubus occidentalis) are native to the
eastern United States, but most are now grown commercially in western Oregon. There are a
number of varieties that differ in production and climactic preferences. Much research has been
done with the Jewel variety grown in Ohio, while the Munger cultivar is the most common
variety grown in Oregon. Commercial yield is small compared to other species of berries, and
replanting is required every 3-4 years, making black raspberries more expensive than many other
berries.!

Though sharing the same Rubus genus as other caneberries such as red raspberry and
blackberry, the anthocyanin constituent profile and content, bioactivity, and the flavor of black
raspberry are distinctive from the others. Specifically, black raspberries have the highest oxygen
radical absorbance capacity (ORAC) value of the caneberries, 3 times that of red raspberries and
blackberries, in association with twice the amount of ellagic acid and total phenolics of either of
these, and 6.5 to 9 times the anthocyanin content, respectively, along with different major
anthocyanins.?

Phenolic content of berries and seeds

Freeze-dried black raspberries yield large amounts of both anthocyanins and ellagic acid.
The primary anthocyanidins in R. occidentalis Jewel cultivar from 4 commercial growers in Ohio
as shown in one study were cyanidin-3-rutinoside (24-40%) and cyanidin-3-xylosylrutinoside
(49-58%).% In another study, an Ohio Jewel variety provided 60% cyanidin-3-rutinoside and 29%
cyanidin-3-xylosylrutinoside.* In Jewel cultivar berries grown in Oregon, these two anthocyanins
were present in almost equal amounts, whereas the Munger cultivar berries had much higher
cyanidin-3-rutinoside content than cyanidin-3-xylosylrutinoside.! Black raspberries are obviously
a rich source of both of these potent antioxidant anthocyanins, along with lesser amounts of
cyanidin-3-glucoside, cyanidin-3-sambubioside, pelargonidin-3-rutinoside, and traces of other
anthocynanins. !>

Ellagitannins are another major class of bioactive polyphenols in black raspberries. Like
most Rubus caneberries, about half of the total ellagic acid in these berries is in the form of
ellagitannins, while the other half is free ellagic acid.” Besides containing large amounts of

anthocyanins and ellagic acid, freeze-dried blackberries, washed and frozen within 1-4 hours of
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picking, yield significant amounts of beta-sitosterol, ferulic acid, calcium, and fiber.*> Comparing
component concentrations in freeze-dried powder from harvests in 1997, 2001, and 2006, beta-
sitosterol ranged from 80-110 mg/100 g, ferulic acid from 5-47 mg/100 g, and calcium from 175-
215 mg/100 g.°

By freeze-drying and powdering black raspberries, the nutrient content of the seeds is
released to an extent that is not possible with ordinary consumption of fresh or frozen black
raspberries, or any of the caneberries. One component that is especially high in black raspberry
seeds compared to the pulp is ellagic acid. For example, in a sample of ripe Ohio Jewel black
raspberries in 1996, the ellagic acid content of the seeds was twice as much as the pulp, while in
1997 it was 14 times as much.’ (Similar ranges were seen with red raspberries and blackberries,
with the seeds always proportionally containing much higher quantities of ellagic acid.”®)

While the total phenolic content of the seeds and ORAC value were lower than those for
the whole dried black raspberry fruit, the seed powder still inhibited colon cancer cells dose-
dependently in vitro.” The total phenolic content and free radical scavenging capacity of the seed
meal was 300 times greater than that of the oil isolated from the seeds which contained 35%
alpha-linolenic acid and 55-58% linoleic acid.!

Bioavailability of black raspberry anthocyanins and ellagic acid

In Humans

In a study with 11 subjects (1 woman), 45 grams of freeze-dried black raspberries were
consumed daily for 7 days. The maximum blood concentrations of ellagic acid and the 4 major
cyanidin anthocyanins occurred 1 to 2 hours after black raspberry consumption, while highest
content in the urine was found in the first 4 hours after eating the berries. Less than 1% of these
constituents were found in the urine. These finding did not change from day 1 to day 7. The
berries were well-tolerated.'!

A similar study with 10 men using 45 grams daily of freeze-dried black raspberries
(providing about 2.7 grams of anthocyanins per day) for a week again showed that they were well
tolerated. However, in this study most of the anthocyanins excreted in the urine in the first 12
hours appeared 4-8 hours after consumption. It was also noted that even though cyanidin 3-
xylosylrutinoside accounted for about 26% of the total anthocyanins in the berries, it was present
in the urine in much higher concentrations than cyanidin 3-rutinoside that provided about 60% of
the berry anthocyanins. Small amounts of metabolites in the urine were methylated derivatives of
the anthocyanins. 2

Protocatechuic acid, a major black raspberry anthocyanin metabolite generated by

microbial metabolism, has antioxidant and anti-carcinogenic activities. In 5 prostate cancer
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patients consuming 60 grams of freeze-dried black raspberry powder daily for 20 days,
protocatechuic acid was detectable in all 5 with a mean plsma concentration of 3.9 ng/ml.!3
In Animals

In a study with 30 rats, the aqueous fraction of a 70% acetonic extract of freeze-dried
black raspberries was itself freeze-dried and was administered by stomach tube. The animals were
sacrificed after 0.5, 1, 2, and 3 hours, and the anthocyanin content in the stomach and intestine
were analyzed. The anthocyanin glycosides remained stable in the stomach. Uptake in the small
intestine tissue peaked at 120 minutes, and the mucosal tissue content reached 7.5% of the
amount of anthocyanins consumed. Decrease of cyanidin 3-glucoside in the small intestine
lumen was likely due to bacterial beta-glucosidase activity. Urinary profiles reflected the
gastrointestinal content.'

Freeze-dried black raspberries given to 5 weanling pigs that were sacrificed after 4 hours
showed that the total anthocyanins in the small intestine and colon at that time amounted to 42%
of the total, mostly in the ileum, cecum, and colon. The cyanidin glycosides were recovered at
different rates, depending on the sugar moieties. The amounts recovered in the urine were
consistent with the stability of the anthocyanins in the GI tract which varied according to the
environment of the different segments. The more complex anthocyanins were more stable than
the simpler monoglycosides. After 4 hours, the amount in the gut (42% of the total anthocyanins
consumed) and its antioxidant activity (46.5% of the initial amount) indicate that the antioxidant
protection provided by black raspberries for the gut epithelium is significant.'

Other polyphenolics in berries are often converted to smaller phenolic acids by microbes
in the colon. These metabolites may contribute to the health benefits of the berries. The primary
phenolic acids excreted in the urine following 5% freeze-dried black raspberry dietary intake by
rats are 3-hydroxycinnamic acid, 3-hydroxybenzoic acid, and 3-hydroxyphenylpropionic acid. In
contrast, major urinary phenolic acids following a diet with 5% freeze-dried blueberries were
chlorogenic, ferulic, and 3,4-dihydroxycinnamic acids, while after a 5% freeze-dried cranberry

diet it was 4-hydroxycinnamic acid.'®

Potential for preventing or reducing cancer cell growth with whole berries or derivatives

While whole freeze-dried black raspberries are typically used in the following human and
animal cancer-prevention studies, work done on cells in the laboratory require the use of extracts
or components to allow for effective exposure. This also simplifies the phytochemical content and
allows better opportunity to specifically study certain compounds and their activities to help
determine the mechanistic effects on cell function. This is illustrated with black raspberry

derivatives used in cultures of cells from the mouth. These demonstrated in vitro cellular effects
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may be more applicable to local in vivo effects than many in vitro studies, since black raspberries
come in direct contact with the oral, esophageal, or colon mucosa when consumed fresh, frozen
and thawed, or freeze-dried and mixed with water.

In addition, when extracts can be applied directly to skin or mucosal surfaces, the in vitro
results may also be pertinent. For example, in 3 lines of human cervical cancer cells (HeLa
adenocarcinoma, SiHa squamous cell carcinoma, C-33A squamous cell carcinoma), a freeze-
dried black raspberry ethanol extract was tested at 4 concentrations from 25 to 200 mcg/ml for 1,
3, or 5 days. Significant inhibition of cervical cancer cell growth occurred with the extract at non-
toxic levels in a dose- and time-dependent manner to maximums of 54%, 52%, and 67% for the 3
cell lines, respectively. The growth inhibition continued even after a short-term withdrawal of the
extract from the medium. The extract also induced apoptosis in all 3 cell lines.!” Correspondingly,
ellagic acid at 10 M has been shown to block mitosis of cervical carcinoma cells in vitro by G1
arrest after 48 hours, induces apoptosis in these cells, and inhibits overall cell growth after 72
hours.'®

Oral precancers and cancerous cells

In Humans

In a multicenter, placebo-controlled clinical trial with 40 patients receiving topical
treatment for premalignant oral intraepithelial lesion, 22 had applied 0.5 g of a gel made with
10% freeze-dried black raspberry powder 4 times daily for 12 weeks. At the end of the trial, the
lesions treated with the black raspberry gel were reduced significantly in size, histological grade,
and loss of heterozygosity (LOH) events, whereas lesions treated with placebo gel had increased
significantly in size."”

The topical application 4 times daily for 6 weeks of 0.5 grams of a bioadhesive gel with
10% freeze-dried black raspberry on premalignant oral intraepithelial neoplasia in 20 patients
suppressed the genes associated with growth factor recycling, RNA processing, and inhibition of
apoptosis. There were significant reductions in epithelial COX-2 proteins. Also, in a subset of
patients the vascular densities in superficial connective tissues was reduced, and genes for
keratinocyte differentiation were induced. Reduced proapoptotic expression and increased COX-2
are correlated with malignant transformation of these neoplasia into oral squamous cell
carcinoma, suggesting potential benefits from the gel application. Histopathologic improvement
was seen in 7 patients, no change in 9 patients, and disease progression in 4 patients. There were
no adverse effects in the 20 patients or in 10 healthy control subjects.? Significant reduction in
loss of heterozygosity seen at loci of tumor suppresor genes also suggests its usefulness in

chemoprevention.?!
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To examine the relative bioavailability to the oral tissues of the anthocyanins when
supplied as a rinse, 3 different rinse formulas were used by 10 healthy subjects, each containing
10% freeze-dried black raspberries. One used only water as vehicle, another used a suspending
vehicle formula with gums and a sugar-free flavoring agent with glycerin, while the third
contained the suspenion formula and flavorings along with the antimicrobial agent chlorhexidine.
Tissue enzyme studies identified 7 enzymes impacting the pharmacokinetics of the anthocyanins,
such as the bioactivating beta-glucosidase that releases the aglycone cyanidin.??

The anthocyanins and their metabolites and conjugates were present in the saliva for up
to 4 hours after rinsing for 3 minutes with the 3 preparations, showing significantly better
sustained levels of total anthocyanins and cyanidin-3-rutinoside than the gel used in the prior
human study. The rinse with only the water had the highest anthocyanin levels over the 4 hours,
but the one with the suspending and flavoring agents was the only one producing detectable
protocatechuic acid in most subjects after 4 hours. The recycling of these components in the oral
mucosa resembled the process that occurs in the intestines, with interpatient differences
determining the retention of, and sustained exposure to, the bioactive metabolites cyanidin and
protocatechuic acid that contribute to therapeutic effectiveness.?

These studies demonstrates the advantage of using the freeze-dried black raspberry
powder in water, other liquids, or gels to provide exposure to the oral mucosa, especially for
those who are smokers and have a higher incidence of oral neoplasia, rather than merely taking
the powder in a capsule and, in so doing, bypassing the oral tissue.

In Vitro

An ethanol-extracted fraction of freeze-dried black raspberries was shown to significantly
inhibit the growth of both premalignant and malignant oral epithelial cell lines without inhibiting
normal epithelial cells. This same inhibitory pattern was found with the individual components
ferulic acid and beta-sitosterol, neither of which was cytotoxic, unlike ellagic acid that was
cytotoxic to the cell lines. The content of these 3 components in black raspberries is 166—200
mg/100g ellagic acid, and 72-89 mg/100g beta-sitosterol, and 18-21 mg/100g ferulic acid. The
growth inhibition was due to inhibiting regulatory proteins of the cell cycle indifferent phases.
Cell growth was blocked in the Go/G; phase by beta-sitosterol in the premalignant cell line and in
the Go/M phase by beta-sitosterol in the malignant cell line and by ferulic acid in both cell lines.?

An ethanol extract of freeze-dried black raspberries was tested on 4 cell lines derived
from human oral squamous cell carcinoma of the tongue. The extract was shown to significantly
suppress cell proliferation in all cell lines without being cytotoxic at concentrations of 10 mcg/ml

and above. The extract inhibited the translation and expression of vascular endothelial growth
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factor (VEGF) in 3 of 4 cell lines, while significantly suppressing nitric oxide synthase (NOS)
activity in all 4 cell lines. VEGF and NOS elevations are associated with aggressive squamous
cell carcinoma of the mouth and of the head and neck, respectively. The extract induced caspase
activity in 3 of the 4 cell lines and activates the transglutamase enzyme in all cell lines, effects
associated with induction of both apoptosis and terminal differentiation. The 4 main anthocyanins
were all shown to be internalized in the squamous cell carcinoma cells when lysed.*

Esophageal carcinogenesis

In Humans

Barrett's esophagus is a premalignant condition in which normal stratified squamous
epithelium changes to metaplastic columnar epithelium that includes goblet cells, associated with
a 30-40% increased risk of esophageal adenocarcinoma. Based upon success in animal models, a
6-month chemopreventive pilot study for Barrett's esophagus using freeze-dried black raspberries
looked at daily administering 32 grams to females and 45 grams to males. The freeze-dried
powder, in amounts chosen to approximate 1.5 or 2 cups of fresh black raspberries,
approximating 5% of the daily diet, was mixed with 170 ml of water and taken in the morning.*’

In a preliminary report of the first 10 patients (including 3 women) to complete the study,
the intervention reduced significantly the overall average level of a marker of oxidative stress in
the urine, 8-epi-prostaglandin F2a., and its average individual urinary level in 6 of the 10 patients,
compared to baseline. Another urinary oxidative stress marker, 8-hydroxy-2'-deoxyguanosine,
was significantly reduced in 5 or the 10 subjects, but significantly raised in 4 others.?

In Animals

In rat tumor-prevention studies, the carcinogen nitrosomethylbenzylamine (NMBA) is
often injected subcutaneously 15 times over a number of weeks to induce 100% formation of
squamous papilloma tumors in the esophagus by 26 weeks, the number of tumors depending on
the dosage. These tumors mimic the squamous cell carcinomas in humans often induced by
nitrosamines like NMBA. Black raspberry interventions have been studied as prevention when
given before, during and after tumor initiation by NMBA, as anti-promotion when given
immediately after NMBA initiation of carcinogenesis, and as therapeutic when given beginning a
couple of weeks after established NMBA carcinogenesis.?

Freeze-dried black raspberries were fed to rats as 5% of the diet before, during and after
exposure to the esophageal carcinogen NMBA or only after NMBA exposure. Demonstrating its
preventive effects at 25 weeks, the incidence of papillomatous esophageal tumors in the black
raspberry-treated animals were reduced by 21% and the tumor multiplicity by 41%, compared to
the NMBA controls. The inhibition correlated with reduced formation of O°-methylguanine
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(OmG) adduct in esophageal DNA. This preventive protection was shown to involve both
inhibition of multiple initiation and post-initiation events in carcinogenesis, as well as down-
regulation of key genes such as COX-2 and inducible nitric oxide synthase. The amount used
would be equivalent to consuming 1.4-2.0 cups of fresh berries, or about 30-40 grams of freeze-
dried berries, daily for humans.’

In another prevention trial, 5% or 10% of freeze-dried black raspberries in the diet were
fed to rats for 2 weeks before a 15-week weekly exposure to NMBA and continued throughout
the 30-week study. The tumor multiplicity was significantly reduced by the 2 berry doses at the
end by 39% and 49%, respectively. The powder inhibited formation of the promutagenic adduct
OmG by 73% and 80%, respectively, after a single exposure to NMBA. When used as an anti-
promotion agent, beginning after 5 weeks of 3-times weekly NMBA, at 25 weeks the powder as
5% and 10% of the diet reduced esophageal neoplastic lesions, cellular proliferation, tumor
incidence by 54% and 46%, respectively, and tumor multiplicity by 64% and 43%, respectively.
These effects were only seen at the 5% dosage level at 35 weeks.?’

In another study of post-initiation progression of carcinogenesis, rats were treated 3 times
weekly for 5 weeks with NMBA, then beginning the next week 5% dietary freeze-dried black
raspberries were given for 25 weeks. At 25 weeks, tumor multiplicity was significantly reduced
from 3.78 tumors per rat in controls to 2.23 in those receiving the 5% berry powder in the diet.
The powder group had reduced mRNA expression and protein levels of inducible nitric oxide
synthase (iNOS), COX-2, and c¢-Jun in the pre-neoplastic esophageal lesions, along with lower
prostaglandin E; levels.*®

Using the same berry dosing protocol, VEGF expression in the esophagus was
determined to analyze the effect on angiogenesis. The black raspberries significantly suppressed
esophogeal VEGF-C mRNA expression (upregulated in esophageal squamous cell carcinoma and
in cancers of the head and neck, lung, breast, thyroid, stomach, uterus, prostate, and colon) from a
2.4-fold increase with NMBA alone to 1.1-fold with the NMBA and berry combination. This
correlated with a decrease in COX-2 and iNOS. Also, the microvessel density of the esophagus
was significantly decreased from 53.7 vessels/cm with NMBA to 22.6 vessels/cm with the added
berries.”

It was found that a 1-week exposure of NMBA in rats via 3 subcutaneous injections led
to 2,261 genes being dysregulated in the esophagus by 1.5-fold or greater. A diet with 5% freeze-
dried black raspberries consumed for 2 weeks prior maintained the levels of expression near
normal for 462 of the dysregulated genes. Of these, 53 included genes that are involved in phase I

and phase II metabolism, oxidative damage, and genes that regulate apoptosis, cell cycling, and
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angiogenesis. Twenty were classified as cell junction, motility and adhesion genes.*® For rats on
the 5% berry diet for 3 weeks without exposure to NMBA, 12 genes were down-regulated, and 24
genes were up-regulated. Those up-regulated are associated with signaling cascades,
transcription, apoptosis, metabolism, cellular matrix, and contraction. Most down-regulated genes
had to do with cell regulation, metabolism, and signal transduction. Morphology was not
impacted.?!

Still another study in which rats were fed 5% freeze-dried black raspberry powder after
NMBA injections showed at 35 weeks that the powder decreased the number of dysplastic lesions
and the size and number of papillomas in the esophagus. The berry powder modulated expression
of over 620 genes in both the preneoplastic lesions and the papillomas in this late stage of
carcinogenesis. Associated with this was the altered mRNA expression of genes for cell
proliferation and death, inflammation, apoptosis, and angiogenesis, as well as modulating matrix
metalloproteinases and proteins involved with cell-cell adhesion.*?

To help determine which components were contributing to the antitumorigenic effect, rats
were fed diets with either 5% of the freeze-dried berries or extract fractions of the berries for 2
weeks before NMBA and throughout the duration of the study. The berries and the fractions rich
in anthocyanins were effective in reducing tumorigenesis, as was an organic-insoluble residue
fraction. They inhibited cell proliferation, angiogenesis, and inflammation, and induced apoptosis
in papillomatous and preneoplastic esophageal tissues. The hexane extract and a sugar fraction
had only traces of anthocyanins and were ineffective. Apparently, anthocyanins are major, but not
the only, anti-tumorigenic components in black raspberry.?*

After including the free ellagic acid component in the diet for 3 weeks, the amount of
OmG (a DNA adduct derived from NMBA) following injection of NMBA was significantly
reduced in esophageal tissue of rats.>* However, an alcohol/water-insoluble fraction of freeze-
dried black raspberries, lacking anthocyanins but high in ellagitannins and given at 0.62 g/kg of
diet given for 2 weeks before NMBA, was no more effective in reducing NMBA tumorigenesis in
rat esophagi than an alcohol/water-insoluble fraction of freeze-dried blueberries given
accordingly, but providing ellagitannins at only 0.01 g/kg of the diet. This suggests that complex
ellagitannins may not contribute significantly to the anti-tumorigenic effect.®

As regards a potential therapeutic effect for esophageal tumors, when freeze-dried black
raspberries were given as 5%, 10%, or 20% of the diet of rats for 7 weeks beginning 2 days after
a 15-day exposure to NMBA, it had no significant effect on tumor development or on survival.?
Also, since reflux-induced esophagitis is a strong risk factor for developing esophageal

adenocarcinoma, freeze-dried black raspberry was tested in rats for potentially ameliorating the

61



Black Raspberry

esophagitis induced in an esophagoduodenal anastomosis model. No alterations of the grade of
esophagitis, increases in antioxidant enzymes, or reduction in lipid peroxidation were seen,
compared with controls. This demonstrates the differences in the mechanisms of development of
esophageal squamous cell carcinoma versus adenocarcinoma.*

In an attempt to identify the primary active component(s) of black raspberry in cancer
prevention, rats given NMBA 3 times/week for 5 weeks to induce esophageal squamous cell
carcinoma where then fed only a control diet or that diet supplemented with equivalent amounts
of either freeze-dried black raspberry powder (6.1%), anthocyanin-enriched fraction (3.8
mcmol/g), or protocatechuic acid (500 ppm). While all 3 supplements significantly reduced the
number of tumors and total tumor volume per rat compared to controls after 25 and 35 weeks, the
whole black raspberry powder was significantly more effective for these parameters than the
anthocyanin fraction or protocatechuic acid after 35 weeks. All 3 supplements also led to
significant reductions in expression of sEH after 15 and 35 weeks and in iNOS (except for
anthocyanin fraction) and COX-2 expression after 35 weeks, as well as significant up-regulation
of the cytokine anti-inflammatory marker petraxin-3, compared to controls.’” This study
demonstrates the superiority of the whole black raspberry powder over the main active fraction or
major active metabolite.

In Vitro

After freeze-dried black raspberries were fed as 5% or 10% of a diet to rats for 3 weeks,
they were euthanized and the esophagi and livers were removed. These tissues exposed to NMBA
were shown to inhibit NMBA phase I metabolism and its carcinogenic bioactivation in
esophageal explant cultures (by 26% and 20%, respectively), probably by inhibiting CYP2A3,
and also in liver microsomes (by 22% and 28%, respectively) taken from the rats, likely by
CYP2EI inhibition. In addition, phase II detoxification activity by glutathione-S-transferase in
the liver was induced. These tissues from control rats not given the berry powder were exposed in
vitro to an ethanol extract of the freeze-dried berries or to ellagic acid, cyanidin-3-glucoside, or
cyanidin-3-rutinoside. The inhibition of NMBA metabolism in liver microsomes by these were
11% for the extract, 33% for ellagic acid, 32% for cyanidin-3-glucoside, and 47% for cyanidin-3-
rutinoside.®® In a highly tumorigenic cell line, the ethanolic extract and both anthocyanins
significantly inhibited growth and induced apoptosis; the anthocyanins from the extract were

taken up well by these cells, but not by a weak tumorigenic line that was unaffected.*
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Potential effects on colon and rectal tumors and mucosal oxidation or inflammation

In Humans

After biopsying cancerous tissue and adjacent normal tissue, 20 grams of freeze-dried
black raspberry powder was given 3 times daily for 1 to 9 weeks to 6 patients with colon
adenocarcinomas and 14 patients with rectal adenocarcinomas. The average patient age was 59
years; 17 were male, and 2 had metastasis. Anthocyanins were detected in both tissue types and in
the urine after treatment. In those receiving an average of 4 weeks of black raspberry treatment
(avg. 83 doses), but not those with an average of 2 weeks treatment (avg. 52 doses), post-
treatment biopsies showed modulation in a protective direction in 4 of 5 tested tumor suppressor
genes in cancerous and normal colorectal tissue via demethylation. Three of the genes were
associated with the Wnt pathway and impacted biomarkers for proliferation, apoptosis, and
angiogenesis. These changes were associated with decreased DNA methyltransferase I protein
expression.®’ The study of anthocyanins from black raspberry demonstrated that they are
responsible at least in part for the demethylation effects in colorectal cancer.*!

Plasma and colorectal adenocarcinoma tissue collected from 24 colorectal cancer
patients, before and after consuming 60 grams of freeze-dried black raspberry powder daily for 1-
9 weeks, showed a significant decrease in interleukin (IL)-8 and a significant increase in
granulocyte macrophage colony stimulating factor in the plasma. This correlated with beneficial
changes in colorectal tissue markers for apoptosis and cell proliferation in the same time frame.*?

When 28 colorectal cancer patients consumed 60 grams per day of freeze-dried black
raspberry powder for 1 to 9 weeks, most alterations were with lipids. Plasma samples showed a
decrease in monosaturated fatty acid eicosenoate and the polyunsaturated fatty acids linoleate and
arachindonate and secondary bile acids like glycodeoxycholate. The reduction in fatty acids may
be associated with inhibition of phospholipase A, elongase, or saturase enzymes, while bile acid
metabolism alteration is likely due to changes in colonic microflora. Changes in bile acid
metabolism can affect lipid absorption and metabolism.*

In Animals

Rats with azoxymethane-induced aberrant crypt foci and colon tumors were given diets
with 2.5%, 5%, or 10% freeze-dried black raspberries. After 33 weeks those receiving the berry
powder had significantly less total tumors (42%, 45%, and 71%, respectively) and less
adenocarcinoma multiplicity (28%, 35%, and 80%, respectively) than control rats, dose-
dependently. Urinary levels of the DNA adduct 8-hydroxy-2'-deoxyguanosine, a marker of

oxidative stress, were significantly reduced by 73-83% dose-dependently, as well.*
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Feeding the freeze-dried berries for 12 weeks to mice to investigate 2 models of
colorectal cancer significantly inhibited formation of intestinal tumors in both models. In
Apcl638+/- mice and Muc2-/- mice, the tumor incidence was reduced by 45% and 50%,
respectively, and tumor multiplicity was decreased by 60% and 50%, respectively. The
mechanistic evidence indicates that tumors in the Apc1638+/- mice were inhibited by suppressing
beta-catenin signaling, while the Muc2-/- mice tumor suppression was a resulted from decreasing
chronic inflammation. While proliferation of intestinal cells from both models was inhibited, cell
differentiation was not changed in either.®

Since ulcerative colitis can dramatically increase the risk of colon cancers, a model in
mice of ulcerative colitis induced by dextran sodium sulfate was studied in conjunction with diets
of 5% or 10% freeze-dried black raspberry powder for 7-14 days and compared to controls. The
berry powder greatly reduced acute injury and ulceration to the colon epithelium by the dextran,
as key pro-inflammatory cytokines including IL-1p and TNF-a were suppressed for up to 7 days
by the black raspberries. Colonic COX-2 and plasma PGE, were markedly decreased the latter,
from 276 in controls to 34 ng/ml.*

In TVitro

Using a colon cancer cell proliferation model to investigate the differences between 7
Ohio growing site locations, 3 cultivar varieties (Bristol, Jewel, MacBlack), and 3 fruit maturity
stages (underripe, ripe, overripe), 75 black raspberry freeze-dried extracts in concentrations of 0.6
and 1.2 mg/ml were evaluated in HT-29 cell cultures using 96-well plates. Cell proliferation was
significantly reduced by all extracts in a dose-dependent manner, but the effect was influenced
significantly by the 3 variables studied (location, variety, maturity), independent of total phenolic
and total monomeric anthocyanin content. This illustrates the complexity of the interactive
phytochemical influences of black raspberries, including ellagic acid, flavonols, and phenolic
acids.*

Total monomeric anthocyanins differed significantly in juice samples from 1 growing site
(higher than the 6 others), 2 cultivars (Jewel > MacBlack), and all 3 maturity stages (overripe >
ripe > underripe). Total phenolics in the juices varied significantly in the same growing site
(higher) and stages of maturity (overripe > ripe > underripe), but not between cultivars. For the
solid phase extracts (SPE), only the stages of maturity showed significant differences in total
phenolics (overripe > underripe) and total monomeric anthocyanins (overripe, ripe > underripe).*

Colon cancer cell inhibition was significantly greater with the SPE of berries from one
growing site than from another site. (The site with the lowest inhibition from SPE also had the

highest phenolics and anthocyanins in its juice.) The SPE from Bristol and Jewel cultivars caused
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significantly greater inhibition that the MacBlack SPE. The underripe berry SPE produced
significantly greater inhibition than those from the ripe and the overripe berries. These results
with the SPE were consistent with both concentrations tested.*

A metabolomic investigation of black raspberry phytochemical components'
antiproliferative activity against the colon cancer cell line HT-29 used partial least-square
regression analysis to develop a statistical model. This model identified individual component's
relative contribution to inhibiting cancer cell proliferation. Using this model, cyanidin 3-
xylosylrutinoside and cyanidin 3-rutinoside were identified as the major bioactivity contributors.
However, derivatives of salicylic acid, citric acid, and methyl ellagic acid, along with quercetin 3-
rutinoside, quercetin 3-glucoside, p-coumaric acid, and epicatechin were also significant
contributors to the berry's antiproliferative activity.*” This model clearly demonstrates the
complexity of berry bioactivity in the context of the combination multiple components
contributing to the beneficial effect.

Reducing mammary carcinogenesis and increasing breast cancer cell radiosensitivity

In Animals

In a study of female rats given a 17B-estradiol implant, a control diet or diets with 400
ppm ellagic acid or 1% or 2.5% black raspberry were given 2 weeks before the estrogen and 6,
18, or 24 weeks afterward. The ellagic acid and 1% black raspberry and 2.5% black raspberry
diets significantly reduced mammary tumor incidence 19%, 19%, and 13%, tumor volume 65%,
44%, and 67%, and tumor multiplicity 41%, 43.5%, and 51%, respectively, 24 weeks after the
estrogen implant.*®

In these groups, after 6 weeks the implanted controls had a 48-fold increase in CYP1Al,
but this was significantly attenuated to 12-fold by the 2.5% black raspberry diet. This berry diet
also significantly reduced CYP1B1 expression by 6-fold after 6 weeks, and the 5-fold induction
of 17B-hydroxysteroid dehydrogenase was significantly reduced to about 2-fold by both the black
raspberry and ellagic acid supplemented diets. After 18 weeks, these supplemental diets reversed
the 2-fold induction of catechol-O-methyl transferase expression, and after 24 weeks, the 2.5%
black raspberry diet significantly reduced CYP1A1 induction. Since steroid receptor effects of
estradiol were not altered by the supplemental diets, this suggests the reductions in mammary
tumors were associated with suppressing estrogen-metabolizing enzymes early in estrogen-
induced carcinogenesis.*

In a follow-up study of rats given the 17(3-estradiol implant to induce tumors of the
mammary glands, besides a control diet the animals were given diets with 5% freeze-dried black

raspberries. Ellagic acid was detected at 97-294 ng/ml in the plasma of rats fed the black
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raspberries. Mammary tumor appearance occurred in controls at 84 days, but this was
significantly delayed by 39 days with the black raspberry diet. In addition to tumor latency being
delayed by the black raspberry diet, it also downregulated estrogen receptor-o expression.*
In Vitro

Before or after exposure of MCF-7 breast adenocarcinoma cells to ionizing radiation, the
cells in culture were exposed to black raspberry methanol extract containing anthocyanins but not
ellagic acid. The cells were harvested 1, 3, 6, 24, 48, and 72 hours after the radiation exposure
and tested for expression of transcriptional regulators. The extract inhibited NF-xB activation in a
dose-dependent manner, as well as its sustained activation. In addition, TNF-a, IL-1a, and
manganese superoxide dismutase levels were all inhibited. Breast cancer cell survival was
suppressed by the berry extract, and MCF-7 cell death was enhanced. These results indicate that
the black raspberry anthocyanins may be potent as a radiosensitizer in breast cancer cells.™

Protection from solar and ionizing radiation

In Animals

When hairless mice were exposed to a minimal erythemal dose of ultraviolet-B (UVB)
radiation 3 times weekly on nonconsecutive days for 25 weeks, they were treated topically after
each exposure with either an 80% ethanolic black raspberry extract or the vehicle. The berry
extract significantly reduced the skin tumor number and average size compared to controls,
beginning at week 19. In an acute UVB exposure, the extract, when applied topically,
significantly reduced the edema, oxidative DNA damage, p53 protein levels, and neutrophil
activation after 48 hours.’!
In Vitro

When mouse epidermal cells were exposed to a methanol extract fraction from black
raspberries, it inhibited UVB-induced activation of of pro-inflammatory NF-xB, but not AP-1, in
a time- and dose-dependent manner. Cyanin-3-rutinoside contributed to the effect. Methanolic
fractions from strawberries or blueberries did not contain this compound, and neither inhibited the
NF-xB activation.™
Other anticancer mechanisms of fractions and components
In Vitro

Inhibiting angiogenesis is a major means of reducing tumor growth and limiting
metastasis as a complementary approach to controlling cancer. Reducing the new growth of blood
vessels stifles expansion of cancer by reducing nutrients and oxygen to the malignant tissue. An
extract of black raspberry was shown to be anti-angiogenic in a model using human tissue. The

anti-angiogenic fraction was completely effective at 0.075% in preventing new vessel initiation
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and growth, but this fraction is only 1% of the weight of fresh whole black raspberries. One of the
active compounds in this fraction is gallic acid, but the subfractions were not more potent than the
whole fraction.>

The cyanidin-3-rutinoside extracted and purified from black raspberry was tested in
human leukemia and lymphoma cell lines. It was shown to activate caspase-3 and -9 and induce
apoptosis in leukemic HL-60 myeloblastic cells in a time- and dose-dependent manner, based on
the intracellular accumulation of peroxides. Likewise, it induced apoptosis in human
lymphoblastic MOLT-4, Daudi, and CCRF-CEM cell lines in a dose-dependent manner. It also
activated reactive oxygen species (ROS)-dependent c-Jun NH»-terminmal kinase (JNK) and p38
mitogen-activated protein kinase (MAPK) that contributed to mitochondrial release of
apoptogenic factors and cell death. This anthocyanin did not increase accumulation of ROS in
normal human peripheral blood mononuclear cells but reduced intracellular peroxide levels in
these, nor did it produce cytotoxic effects on such cells. Thus, in the tested human white blood
cell cultures cyanidin-3-rutinoside was found to be selectively active against leukemia cells.>*

Metabolic syndrome
In a randomized, placebo-controlled study to investigate the influence of black raspberry,

known for its antioxidant and anti-inflammatory activities, on patients with metabolic syndrome,
a freeze-dried water extract of the unripe fruit was used in doses of 750 mg daily for 12 weeks. A
group of 39 patients with metabolic syndrome took the black raspberry as 4 capsules daily, while
38 were assigned to placebo. After 12 weeks the black raspberry group, compared to placebo, had
significantly lowered total cholesterol and cholesterol/HDL ratio. Also, the cytokines IL-6, TNF-
o, and adiponectin were reduced significant reduced in the extract group compared to placebo.
Likewise, flow-mediated dilation of the brachial artery was significantly increased. These finding
suggest benefits for the cholesterol, inflammatory, and blood flow components of metabolic
syndrome.>

Comparitive value and quality of freeze-dried powder, extracts, and derivatives

Human and animal studies have mostly used freeze-dried black raspberry powder in
studying cancer prevention. Whether using the powder, extracts, fractions, or isolated
anthocyanins or ellagic acid, there has been little or no toxicity problems with oral administration.
The advantages of using the whole freeze-dried berries are several. They contain multiple
chemopreventive agents, while the extracts lose some berry content variety and quantity, and
anthocyanin fractions or isolates lack ellagic acid contributions and vice versa. The whole berry

powder is relatively inexpensive in comparison to extracts and especially the anthocyanin
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isolates. Stability is generally diminished as components become more concentrated in extracts or
as isolates.°

In an attempt to design easily consumed forms of black raspberry powder for a long-term
prevention trial on prostate cancer, 3 types of preparations were formulated. A confection with
20% freeze-dried black raspberry powder, 29.5% sugar, 11% corn syrup, 38% water, 1% pectin,
and 0.5% citric acid and 2 nectars (viscous juice) with 4% or 8% powder, 3% sugar, 1% corn
syrup, 91% or 87% water, and 1% pectin. After large-scale processing the confection retained
94% of anthocyanins, 96% ellagitannins, and 106% of ellagic acid (some from ellagitannins),
while the 4% and 8% nectars retained 86% or 69% anthocyannins, 66% or 91% ellagitannins, and
114% or 128% of total ellagic acid, respectively. The ellagitannins and ellagic acid were almost
completely retained in both forms after 8§ weeks of storage, whereas anthocyanins diminished in
the confection by 11% and in the 4% and 8% nectars by 10% and 4%, respectively. Both forms
were well-accepted for their palatibility.>¢

A disadvantage of whole berry powder is the difficulty to standardize content, and
consumption of much larger doses are generally needed. Contamination of berries with chemicals
or microbes are possible, comparable to concerns with other commercial fruits and vegetables.
Extracts are more difficult to prepare, but smaller doses are necessary. Isolated anthocyanins are
difficult to synthesize, have poor bioavailability, and therefore can still require substantial oral
doses. The target tissue helps determine the preferred form, as whole powder provides good
exposure to alimenary tissue, while extracts are more practical for external applications to the
skin.b

Since most of its commercial growth is limited to Oregon, extensive demand for black
raspberry's health benefits has challenged the limited supply. This has led to its adulteration in
many dietary supplement products. Because black raspberry has a distinct anthocyanin profile
from blackberry, red raspberry, or any other Rubus species berry, it is relatively simple to
differentiate it by phytochemical assays. In a 2014 study of 19 commercially-available black
raspberry products, either freeze-dried whole berries, powdered berries, or berry extracts, the
composition and concentration of their anthocyanins was analyzed. The cost of preparations in
capsules ranged from 6 cents to 79 cents per capsule; both of the products at these price range
extremes were apparently spurious, containing no black raspberry anthocyanins.?

Three of the 19 contained no anthocyanins at all, while another 4 had no anthocyanins
characteristic of black raspberry. Aside from these 7, the other 12 had a wide range of black
raspberry anthocyanin content with cyanidin-3-rutinoside as the main anthocyanin. Six of these (3

loose powder, 2 in capsules, 1 liquid extract) had all 7 of the anthocyanins found in black
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raspberry. These 6 products also had the greatest total anthocyanin contents ranging from 828.5 to
1742.2 mg/100 g for powders and capsules and 2904 mg/100 g for the only liquid extract
analyzed. The other 6 products had 5 of the 7 anthocyanins with very low total anthocyanin
contents from 18.1 to 114.8 mg/100 g.>’

Mechanisms of ellagic acid reduction of carcinogenesis

In Animals

The main importance of ellagic acid is its contribution to the inhibition of carcinogenesis.
This has been shown in mice by feeding of ellagic acid in drinking water for 16 weeks which
reduces phase I metabolic bioactivation of the procarcinogen benzo[a]pyene. Its effects include
decreasing liver and lung cytochrome P450 (CYP) levels by 20-25% and increasing phase II
elimination of reactive intermediates by enhanced glutathione S-transferase (GST) activity.>®

Likewise, after 23 days rats fed ellagic acid showed a 25% decrease in liver and
esophageal CYP levels, while phase II enzyme levels of GST, NAD(P)H:quinone reductase (QR),
and UDP-glucuronosyl transferase (UGT) in the liver were increased 26%, 17%, and 75%,
respectively.” Rats fed ellagic acid also had significant increases in liver GST activity and GST-
Ya mRNA content. This specific increase in detoxification potential can reduce carcinogen-
induced mutagenesis and tumorigensis.®® Similarly, feeding rats ellagic acid increased the activity
of liver QR by 9-fold and of lung QR by 2-fold, while liver QR mRNA was increased 8-fold.®!

As a means of preventing cancer, the reduction of DNA damage is paramount. Ellagic
acid is one berry component that has been shown to reduce oxidative DNA adducts. Feeding
ellagic acid at 400 ppm or supplementing the diet with 5% whole dried berries that are low
(blueberry), medium (strawberry), or high (red raspberry) in ellagic acid to mice, the blueberry
and strawberry diets resulted in a moderate 25% reduction of DNA adducts. On the other hand,
the raspberry and ellagic acid diets resulted in significant reductions of 59% and 48%,
respectively, and a 3- to 8-fold over-expression of genes involved in DNA repair. These findings
suggest that ellagic acid plays a significant role in reducing oxidative DNA damage and may
increase DNA repair.®?

In Vitro

Examining the effects of benzo[a]pyrene with or without ellagic acid or different
fractions from freeze-dried strawberries (Fragara ananassa) and Pacific black raspberries (R.
ursinus) in the Syrian hamster embryo cell transformation model after 1 or 7 days, the ellagic acid
and the polar methanolic fractions of both berries not containing ellagic acid produced dose-
dependent decreases in transformation compared to benzopyrene alone. This appears to be due to

berry polar fractions inhibiting the initiation stage and ellagic acid interference with both the
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initiation and promotion stages of carcinogenesis. These effects may involve uptake, activation,
and/or detoxification of the procarcinogen benzopyrene and/or impacting its DNA binding or the
DNA repair.®* Anticarcinogenic, antimutagenic, and/or antitumorigenic effects of ellagic acid
have been documented with a variety of other carcinogens as well (aflatoxin B, nitroso
compunds, 3-methylcholanthrene, N-2-fluorenylacetamide) in tissue cultures from mice, rats, and
humans.®*

Mechanisms for ellagic acid reducing liver toxicity from alcohol
In Animals

The component ellagic acid at 60 mg/kg has been shown to reduce effects of alcohol liver
toxicity in rats induced by ethanol given orally for 45 days at 7.9 g/kg daily.®>6%¢7 This involves
decreasing expressions of liver fibrotic markers, including matrix metalloproteinases and tissue
inhibitors of metalloproteinase, by acting as an antifibrotic agent.®> The same dosage improved
body weight and circulatory nonenzymatic antioxidant status of vitamins C and E and reduced
glutathione. Enzymatic antioxidants superoxide dismutase, glutathione peroxidase, and catalase
were likewise positively modulated.®® This ellagic acid dose in rats also reduced liver marker
enzymes AST, ALT, GGT, and alkaline phosphatase, while it decreased cholesterol, triglyceride,
and free fatty acid levels that were significantly elevated by alcohol.®*®” It also decreased plasma
indices of lipid peroxidation.®” These studies suggest that ellagic acid may be of benefit in
65.66,67

treating liver conditions caused by alcohol abuse.

Summary

The consistent effect of freeze-dried black raspberries in vivo has been to reduce the
development of cancer from precancerous conditions or induced by carcinogenic substances.
Some in vivo evidence also suggests the potential to inhibit the growth of established colon
cancer cells. A number of phenolic components apparently contribute to these effects including
anthocyanins characteristic of black raspberry such as cyanidin-3-rutinoside, as well as phenolic
acids, especially ellagic acid. The bioavailability of the anthocyanins is limited by their
absorption, causing them to be particularly effective for their local effects in reducing cancer
development along the alimentary tract from the mouth to the rectum. The ellagic acid, on the
other hand, appears to provide better systemic protection.

Like other berries high in anthocyanins and antioxidant capacity, black raspberry appears
to help protect against the conditions associated with metabolic syndrome. Yet, regarding its
chemopreventive activity, no single component or extract fraction has been able to duplicate the
efficacy of the whole berry, since multiple components with different mechanisms contribute to

the overall effect. The challenge of obtaining an authentic black raspberry product is complicated

70



Black Raspberry

by the number of products in the commercial market that are spurious (about one third) and
diluted/adulterated (another third). While cost can be one indication of quality, since authentic
black raspberry products are relatively expensive, high cost is no assurance of quality or
authenticity. Much of the chemopreventive research on freeze-dried black raspberries has been
done with topical oral application by humans or oral consumption by humans and animals,
showing that eating the berries is a flavorful and effective way of enjoying the health benefits of

this powerful food.
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Black Chokeberry

Chokeberry and its extracts and/or juice contain antioxidant polyphenolics shown to
beneficially impact cardiovascular function. Besides supporting vital organ functions,
chokeberries help ward off infections and have anti-inflammatory, antimutagenic, and
anticancer properties to better maintain normal cell and tissue growth. Preliminary evidence
from clinical trials with test preparations high in anthocyanins suggest benefits are primarily
from alleviation of oxidative stress, especially among those suffering from metabolic syndrome.

Black chokeberry (4ronia melanocarpa) is native from the Great Lakes region to the
northeastern USA, into southeastern Canada and south in the higher Appalchian Mountain
elevations. It grows best in full sun and moist soil with annual precipitation of 15 inches or more.
The black chokeberry shrub usually grow from 3 to 12 feet. Its leaves, noteworthy in autumn for
their vivid red color, are simple and alternate with pinnate venation and raised glands on the top
midrib. The 5-petaled white flowers are small and grouped in corymbs of 10-25. These produce
small clusters of berries.

Its pome fruit are pea-size with 1-5 small seeds but quite juicy. The berries shrivel up and
begin dropping shortly after ripening. Black chokeberries are quite astringent, largely due to
procyanidins, and are used to color and flavor beverages and food products. The astringency also
helps protect it from pests including insects and microbes, but the berries are consumed by wild
birds including grouse. Several commercial cultivars have been developed in America.

Referred to henceforth simply as chokeberry, the fruit was used traditionally by the
Forest Potawatomi tribe of Native Americans to treat colds. It has been shown to provide immune
enhancement plus antiviral and antibacterial activities. Nonetheless, native use has long been
overshadowed by development of commercial cultivation, especially in Russia and eastern
Europe for making jam, juice, and wine. Its widespread cultivation began in the former Soviet
Union in the 1940s. Chokeberry's value for promoting health is largely due to its antioxidative
activity, including stomach- and liver-protecting properties, besides having antidiabetic, lipid-
lowering, and platelet-inhibiting effects.! Repeated clinical findings include increases in
antioxidant enzymes, normalization of oxidized LDL levels, and reductions in total cholesterol,
blood sugar, and blood pressure.>

Chokeberry polyphenolics versus its pomace and juice
Chokeberry's main polyphenolic components (up to 8% dry weight [dw]) include

anthocyanins (< 2% dw) and procyanidins (< 5% dw).! Chokeberry's unusually high polyphenol
content was well assessed in a study comparing freeze-dried fruit, pomace (the material left after

juice is expressed from the fruit), and juice. The research findings show large amount of
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polyphenols are left behind after juicing. In some cases, due to reductions in weight of other
content (e.g, sugar and fiber extracted with the juice) or from enhanced polymerization (e.g.,
procyanidins), the relative content in the pomace of certain specific polyphenols and total
polyphenols increased by percentage of weight compared to the fruit, which led to greater
antioxidant activity for the pomace than for the juice or even the original fruit.*

The relative percentages of polyphenols therefore vary between these 3 forms of
chokeberry preparations, i.e., berries, pomace, and juice, measured as milligrams per 100 grams
freeze-dried weight. For instance, the yields of procyanidins for these 3 preparations were 5.2%,
8.2%, and 1.6% dw, respectively, while anthocyanin contents were 2.0%, 1.8%, and 1.2% dw,
respectively. Of the less abundant polyphenols, the relative yields of these 3 forms for
chlorogenic plus neochlorogenic acid were 0.59%, 0.37%, and 0.80% dw and for quercetin
glycosides plus derivatives were 0.10%, 0.17%, and 0.16% dw, respectively.*

Polyphenolic and antioxidant comparisons between berries

Chokeberry has been gaining increasing attention in research in conditions associated
with oxidative stress. Based on its greater antioxidant capacity as measured by ORAC in
comparison with other more common commercial berries and fruits, it exceeds elderberry,
blueberries, blackberry, black currant, lingonberry, red currant, red raspberry, strawberry,
cranberry, orange, grapes, and apples (in decreasing order) and juices such as pomegranate,
blueberry, black cherry, cranberry, orange and apple (in decreasing order, as measured by TEAC)
and red wine.’

In a test comparing phytochemical contents of 8 wild and 17 cultivated berries including
various species of Fragaria, Ribes, Rubus, and Vaccinium along with Lycium, Morus, Rosa,
Sorbus, and Sambucus species, chokeberry had by far the highest quantity of total phenols
(10,132 mg gallic acid equivalents/kg). The next highest in total phenolic content were
rowanberry (Sorbus aucuparia; 5407 GAE/kg), wild elderberry (Sambucus nigra; 5149 GAE/kg),
dog rose (Rosa canina; 4773 GAE/kg), American cranberry (4522 GAE/kg) and wild strawberry
(Fragaria vesca; 4347 GAE/kg). Strawberries, raspberries, and blackberries grown in the wild
had 2-5 times more total phenolics than when cultivated.®

A few other comparative studies help to further illustrate this point on the relatively
higher antioxidant potency of chokeberry compared to other berries. In testing the anthocyanin
and proanthocyanidin contents of black currant (Ribes nigrum), red currant (Ribes rubrum),
gooseberries (Ribes grossularia), elderberry (Sambucus nigra), and chokeberry, the chokeberry
had the highest concentration of total anthocyanins (1.5 g/100 g fresh weight [fw], in proportions
of 10 parts cyanidin 3-galactoside to 4 parts cyanidin 3-arabinoside to 0.5 parts cyanidin 3-
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xyloside to 0.4 parts cyanidin 3-glucoside) and the highest total proanthocyanidin content (664
mg/100 g fw, predominantly procyanidins). The total antioxidant capacity as measured by
lipophilic and hydrophilic ORAC was likewise greatest in chokeberry (161 mcmol TE/g fw),
paralleling the phenolic content.” Chokeberry is also noted for its high phenolic acid content,
second only to rowanberry among 12 common commercial berries and fruits tested.’

Comparisons made in polyphenolic content and antioxidant activities between 70%
ethanolic extracts of chokeberry and highbush blueberry revealed that the chokeberry extract had
4 times the total phenolics, 3 times the total flavonoids, and 9 times the proanthocyanidin content
as these blueberries. This translated to significantly greater free radical-scavenging activity at 500
mcg/ml extract in vitro; with 2,2-diphenyl-1-picrylhydrazyl (DPPH) the activity of chokeberry
extract was 72.7% versus 40.6% for blueberry extract, and for 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulphonic acid (ABTS) the activities were 46.3% versus 8.6%,
respectively. The antioxidant reducing power for chokeberry extract in the ferric reducing ability
of plasma (FRAP) assay at 500 mcg/ml was also significantly greater than for blueberry extract.
Thus, the activities of the extracts correlates with the phenolic contents.®

While the bilberry and rabbiteye blueberry Vaccinium species each each contain 15
different anthocyanins, black currant has 6, and elderberry and chokeberry have 4 major
anthocyanins each. Though held in common with bilberry and rabbiteye and highbush
blueberries, chokeberry's yield of cyanidin 3-galactoside and cyanidin 3-arabinoside are both
much greater than in these Vaccinium species.>® All of these berries are potent DPPH radical
scavengers; elderberry is the least potent, though it has the highest total anthocyanin content of
which most is the unique cyanidin 3-sambubioside.” Chokeberry and blueberry juices were also
the second and fourth most potent beverages, respectively, of the 35 tested, including 10 other
fruit juices, for inhibiting the sulfotransferase activity in Caco-2 cells in vitro.'

While anthocyanins are major antioxidant components in chokeberry and Vaccinium
species berries, the phenolic proportions differ by species and cultivars. In wild chokeberry
cyanidin 3-galactoside and cyanidin 3-arabinoside along with caffeic acid and its derivatives are
in very high concentrations and contribute the most antioxidant activity. Highbush blueberry
cultivar Sierra's predominant antioxidant phenolic is the caffeic acid derivative chlorogenic acid
and to a lesser extent delphinidin 3-galactoside and other anthocyanidins. Lingonberry (V. vitis-
idaea) cultivar Amberland contains cyanidin 3-galactoside as its most important antioxidant with
important additions by quercetin glycosides. For cranberry cultivar Ben Lear peonidin 3-
galactoside and its other glycosides stand out. The total ORAC values for these 4 berry

representatives, respectively, were 95.1, 22.8, 12.8, and 9.2 mcmole/g.!!
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Another study compared the total polyphenols, anthocyanins, and reduced ascorbic acid
in black currants, red currants, European blackberries (Rubus fruticosus), red raspberries (Rubus
idaeus), and chokeberries. Again, chokeberries were found to have the highest content of total
polyphenols (690 mg/100 g fresh weight) and total anthocyanins (460 mg/100 g fresh weight),
with black currants in a relatively close second place. Black currants had by far the highest
ascorbic acid content, while chokeberry was similar to the other berries. When the radical
scavenging activity for quenching 50% of the DPPH radical in solution was tested, chokeberry
showed the most potency by having the lowest effective concentration with black currant again in
second.'?

Comparing the total phenolics and antioxidant activity of 70% aqueous acetone extracts
of 13 berries and 80% aqueous methanolic extracts of 8 vegetables and 32 medicinal herbs, the
berry extracts had the greatest phenolic contents and antioxidant effects. For phenolics,
chokeberry was only second to crowberry (Empetrum nigrum) among the berries and a close third
among all extracts of berries, vegetables, and herbs following purple loosestrife (Lythrum
salicaria). In antioxidant activity crowberry, chokeberry, rowanberry, and all Rubus and
Vaccinium species (except for red raspberry and bilberry, respectively) provided greater than 87%
inhibition of MeLo oxidation at 500 ppm and 5000 ppm (chokeberry was 93-94%)).!3

Chokeberry cultivation and phenolic content

Comparing different Aronia species for polyphenolic content shows that on a dry weight
basis black chokeberry (4. melanocarpa) has the highest anthocyanin yield (3.4-14.8 mg/g),
mostly cyanidin-3-galactoside, whereas red chokeberry (4. arbutifolia) has the lowest. The red
berry species has the highest proanthocyanin content, while purple chokeberry (4. prunifolia) has
the highest yield of chlorogenic acids. Non-anthocyanin flavonoid content was comparable
between species.'* Regarding the relative contributions of these polyphenols to the antiradical
activity of black chokeberry, as determined by reducing initial DPPH concentration by 50%,
anthocyanins had the greatest effect with a 56.3% contribution, followed by proanthocyanidins
and insoluble phenols at 34.8%, with flavonols and phenolic acids contributing just 8.9%.'

Though the anthocyanins and oligomeric proanthocyanidins were similar in wild berries
from Illinois and in cultivated berries from Europe, the wild berries had a higher total flavonoid
content, while the cultivated berries had up to 67% more nonphenolic compounds.!® Agricultural
means of increasing the phenolic components have been investigated. Fruit of 10-year-old
chokeberry plants of the Nero variety grown in the Czech Republic were analyzed for pigment
content, and the results in g/kg dry weight were 37.7 phenolics, 6.4 anthocyanins, 0.66

flavonoids, and 0.35 quercetin. Ethanolamine phosphate, an ornithine decarboxylase (ODC)
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inhibitor that reduces polyamine biosynthesis, when applied to the foliage in mid-July increased
phenolics by 15% and anthocyanins by 23.6%, while also significantly increasing flavonoids and
quercetin. This indicates that this ODC inhibitor greatly increases phenolic pigment synthesis. !’

The chokeberry cultivar 'Viking' grown in Sweden was studied to see how fertilizer
application affected berry yield, weight, anthocyanins, and other content. Though fertilizers
increased vegetative growth and berry yield, it decreased by weight the anthocyanin content and
total acidity of the berries. Berry weight and specific anthocyanin composition remained
unchanged.'®

Impact of processing and/or storage on juice and solid extracts
Chokeberry fruit juice that had been filtered, pasteurized at 80°C for 10 minutes and

stored at 0°C was found to still have potent antiradical activity in vitro, likely due to antioxidant
effects of the phenolic constituents.!” The polyphenols in fresh frozen chokeberries were studied
in the context of juicing, processing, and storage. After the berry mash was heated to 95°C,
depectinized, and pressed, the nonclaried juice was pasteurized at 90°C, bottled, and stored for 1-
6 months at room temperature. Anthocyanins were lost during juicing, due to removal of skins
and seeds after pressing. Thermal treatments further degraded the anthocyanins, during which
protocatechuic acid increased. Further anthocyanin losses occured linearly during storage due to
conversion to polymeric forms. On the other hand, flavonols, hydroxycinnamic acids, and total
proanthocyanidins were all retained in the juice and during the 6-month storage.*

In assessing the best method(s) for preserving phenolic compounds and antioxidant
capacity when drying the juice to form powder, spray drying was found to be most effective.
Though the differences in total polyphenols were not significant, spray drying gave significantly
higher amounts of flavonoids, total monomeric anthocyanins, cyanidin-3-glucoside, and total
proanthocyanins than the other 2 methods. Freeze-drying was the next best method for drying the
juice and was significantly better than oven vacuum drying at 40°-80°C for total
proanthocyanidins. Freeze-drying was likewise significantly better than 80°C vacuum drying for
preserving monomeric anthocyanins and cyanidin-3-glucoside and than 40°C and 80°C oven
drying for FRAP antioxidant power.?!

In a comparative study of chokeberry preparations, 4 liquid juice products (recommended
dose 100 ml), 1 syrup (recommended dose 20 ml), and 1 solid extract (450 mg capsule; 8-10:1
berry pomace to extract; 50% ethanolic solvent) were analyzed for anthocyanin content. The
extract and syrup yielded much lower total anthocyanins than 3 of the 4 juices. To obtain the
estimated 110 mg of anthocyanins daily that provides an effective amount for treating metabolic

syndrome, the required daily doses of solid extract and syrup would be 18 g and 740 ml,
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respectively. For the juices, the daily doses to achieve the desired anthocyanin intake were 100,
150, 330, and 1860 ml. Thus, for addressing metabolic syndrome reasonable daily doses were
provided by 3 of the 6 products. However, for treating influenza with 3.5 g of anthocyanins daily,
none of these chokeberry products were deemed adequate for providing an appropriate dose.?
Analysis of a Polish pharmaceutical chokeberry fruit solid extract dietary supplement
revealed a total polyphenolic content of 61-64% with 16-17% total anthocyanins. The slight
variations were due to differences in dilution, filtration, and light exposure storage conditions.” A
450 mg capsule of this extract would yield 74 mg of total anthocyanins; thus, apparently 1.5
capsules could provide the daily dose of 110 mg anthocyanins for treating metabolic syndrome.

Anthocyanin metabolism and bioavailability and polyphenol bioconversion

In Humans

Absorption of the anthocyanins in chokeberry juice was tested in 13 human volunteers.
The dose was individualized to provide 0.8 mg anthocyanins per kg body weight, and cyanidin-3-
galactoside made up 66% of the total anthocyanins. The maximum plasma concentration of 32.7
nmol/L from 8 cyanidin derivatives occurred 1.3 hours after consumption. Urinary excretion was
greatest during the first 2 hours, but only 0.25% of the cyanidin metabolites were excreted in the
urine in the first 24 hours.*
In Animals

When an anthocyanin-rich extract of chokeberry was fed to rats for 14 weeks at 26 mg/kg
body weight, anthocyanin peaks were significant in the urine and in fecal extracts, compared to
controls. Even though anthocyanins were detected in the serum, quantities were not measurable.?

In comparing the absorption of different anthocyanins based on the cyanidin sugar
moiety, freeze-dried powders of chokeberry, elderberry, and black currant were fed once to
weanling pigs. The relative proportion of anthocyanins in chokeberry is 66% cyanidin-3-
galactoside, 28% cyanidin-3-arabinoside, 4% cyanidin-3-xyloside, and 2% cyanidin-3-glucoside.
All 4 cyanidin anthocyanins from chokeberry were subject to methylation and glucuronidation,
undergoing phase [ and II metabolism in pigs. Anthocyanins with delphinidin were not
metabolized, and those with rutinose or sambublose from black currant or elderberry were mostly
excreted intact, as were the anthocyanins with 2 or 3 attached sugars. So, both the sugar and the
aglycone components of the molecules influence absorption and metabolism of anthocyanins.?

Anthocyanin absorption appears to be poor, but it varies between species due to
differences in metabolism and/or bacterial degradation. Conjugation likely affects the biological
activity of anthocyanins. Still, anthocyanins appear to play an important role in the reported

health benefits of chokeberry. Proanthocyanidins are unlikely to be absorbed intact due to their
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high molecular weight and polymeric nature, but though no in vivo bioavailability study has thus-
far been conducted on these chokeberry-isolated components, they are believed to be converted,
in part, to well-absorbed phenolic acids. Neochlorogenic and chlorogenic acids in chokeberry are
naturally esterified, impairing their conversion and absorption in humans. The potent antioxidant
quercetin glycosides and epicatechin have been shown in studies from other sources to be
absorbed (after the glycoside hydrolyzation), but their content in chokeberry is relatively low.?

In TVitro

Chokeberry juice was exposed to simulated digestion in the presence of food paste
consisting of 10% carbohydrates, 3% protein, and 1% fat to assess the effects on polyphenols and
the antioxidant activity. The 4.5 ml of juice was combined with 6 ml artificial saliva and 4.5 g of
food matrix, then exposed to 12 ml gastric juice at pH 2, incubated 1 hour and then mixed with 12
ml intestinal juice and 6 ml of bile at pH 5.4. Compared with juice diluted proportionally with
water, digested juice had lower polyphenolics (373 mcg vs. 253 mcg, respectively), while a 10-
fold decrease in proanthocyanins was observed (from 34.2 to 3.33 mg/100 ml, respectively).
Radical scavenging activity and total reducing power were each reduced about 45%. Still, when
exposed to Caco-2 human colon adenocarcinoma cell culture, the digested juice reduced the
proliferation rate by about 25% compared to controls.?’ It seems probable that local effects of
unabsorbed proanthocyanidins in the colon would be beneficial.?

Chokeberry wine high in polyphenols was tested alone under conditions that simulate
digestive exposure in the stomach with pepsin for 4 hr. at pH 2.0, then exposure to pancreatic
juice and bile in small intestine conditions plus intestinal microflora at 37°C for 2.5 hr. at pH 7.4,
followed by anaerobic conditions of the colon at 37°C for 18 hr. at pH 8.0. While p-coumaric acid
content was relatively unaffected by these changes, chlorogenic acid decreased dramatically from
the stomach to small intestine conditions. Caffeic acid content was reduced with the change from
small intestine to the colon. Paradoxically, trans-resveratrol doubled from the stomach to the
small intestine conditions, then returned to stomach levels under the colon conditions. While the
antioxidant capacity was gradually and significantly reduced from stomach through colon
conditions, the total polyphenol content dropped significantly after small intestine exposure and
precipitously after colon simulation. The intestinal microflora showed a considerable
diminishment after small intestine conditions for Bifidobacterium and Lactobacillus and a
precipitous one for Enterobacteriaceae, while Enterococcus showed considerable decreases after

both small intestine and colon conditions.?®
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Protection of tissues from oxidative stress

In Humans

When 150 ml of chokeberry juice with 35 mg anthocyanins was consumed daily for 1
month by rowers involved in ergometric exercise, blood samples taken 1 minute and 24 hours
after the exercise test both showed significantly lower TBARS with the juice, while glutathione
peroxidase was lower in the 1-minute sample and superoxide dismutase in the 24-hour sample of
those taking the juice, compared to a placebo control group.?

In a randomized, placebo-controlled, double-blind study with 19 men on a national
rowing team, 10 consumed 150 ml of chokeberry juice daily for 8 weeks. An ergometric test
equivalent to rowing 2000 meters at the beginning and end of the study period showed that those
consuming the juice had higher total antioxidant capacity and iron levels than controls. Those
taking the juice also had significantly lower levels of the inflammatory cytokine TNF-o..*°

In 11 healthy women with a "cold constitution", 150 mg/day of chokeberry dried hydro-
ethanolic extract (35% anthocyanins) was taken as tablets after breakfast daily for 4 weeks. At the
end of the trial, the body surface temperature was significantly higher than it was at baseline.
Peripheral blood flow was not affected, even though plasma noradrenaline was significantly
increased. Higher levels of urinary 8-hydroxy-2'-deoxyguanosine in 5 subjects at the beginning,
an indication of oxidative stress, were significantly reduced at the end of the trial. Psychological
factors related to cold feeling on the hand, foot, and hip were significantly improved. The effect
appears to be due to increased noradrenaline and reduced oxidative stress.>!

In Animals

A series of studies with rats has demonstrated that the antioxidative activity of
chokeberry and its juice or its anthocyanin extracts protect against oxidative damage of different
types in a variety of tissues. The damage to stomach mucosa from the anti-inflammatory drug
indomethacin administered subcutaneously was significantly reduced when chokeberry juice was
given orally 1 hour beforehand. The depth, number, area, and severity of the lesions were
decreased, while gastric mucus production increased. The oxidative stress marker
malondialdehyde (MDA) was reduced in the stomach and plasma dose-dependently by the
juice.® A methanolic extract of the fruit given at a 2 g/kg body weight (b.w.) dose also reduced
stomach mucosal damage from ethanol to less than 30% of the tissue damage in control rats,
about the same protection as obtained with 100 mg/kg quercetin. A red pigment fraction
including the anthocyanidin cyanidin 3-glucoside had a similar dose-dependent effect and at 30
mg/kg b.w. suppressed gastric mucosal damage by about 50%. Gastric acid secretion was not

diminished.??
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Other evidence of reduced oxidative stress from juice intake involved rats given 10 ml/kg
b.w. daily for 28 days. This reduced liver lipid peroxidation by 50% as expressed by
thiobarbituric acid reactive substances (TBARS). In rats also given 150 mg/kg b.w. N-
nitrosodiethylamine (NDEA) intraperitoneally, TBARS were reduced 53% by the juice, and DNA
damage in leukocytes was reduced by 24%. The juice increased antioxidant enzyme activities for
catalase, glutathione reductase, and gluthione peroxidase by 117%, 44%, and 56%, respectively,
in rats given NDEA. In rats given 2 ml/kg b.w. carbon tetrachloride, TBARS were reduced 92%
by the juice, and plasma protein carbonyls were decreased 55%.%*

The liver in rats was again shown to be protected from damage due to carbon
tetrachloride by short-term use of chokeberry juice. When the juice was given at 5-20 ml/kg b.w.
for 2 days before and for 2 days with the liver toxin, necrotic changes were decreased dose-
dependently along with significant reductions of liver and/or plasma levels of the lipid
peroxidation marker MDA and the transaminase enzymes AST and ALT. The depletion of
protective glutathione was also significantly reduced.*> Cadmium is known to accumulate in the
liver and kidneys and produce liver damage. When chokeberry anthocyanins were administered
together with cadmium chloride to rats, it reduced cadmium accumulation in both of these organs,
along with significant decreases AST and ALT activities and serum bilirubin and urea, compared
to controls given cadmium only.3

When aminopyrine and sodium nitrite were given to rats to generate nitrosamine
production, it led to liver necrosis and dystrophic changes. However, when chokeberry juice and
pulp were given together with these hepatoxic substances, the liver structure was almost normal,
along with decreased fat content in liver cells. Uric acid, SGOT, and SGPT were reduced in the
serum due to inhibition of N-nitrosamine formation.’

Toxicity to the lungs from the antiarrhythmic drug amiodarone instilled in the trachea
was counteracted in rats given chokeberry juice 5-10 mg/kg for 2, 5, or 10 days afterward. The
cellular content and exudates in bronchoalveolar fluid and direct toxic damage to the tissues as
indicated by enzyme levels were reduced to control values by both doses of the juice from day 5
onward, as was the oxidative stress and fibrosis as measured by malondialdehyde content and
hydroxyproline level, respectively, by day 3. Inflammatory markers in the serum including IL-6
and IL-10 on day 3 were likewise reduced to control values by the 10 ml daily dose of the juice.?®

In rats given cold-pressed chokeberry juice for 5 weeks and/or supplemented with
fructose or fat, the catalase activity in brain tissue was signicantly decreased with consumption of
the juice, compared to no juice. Only on a high fat diet was the paraoxonase activity in the brain

tissue significantly increased, along with significantly increased thiol groups and decreased
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protein carbonyl groups. This evidence suggests that the juice helps protect the brain tissue from
oxidative stress.** When rats were given the juice orally in doses of 2.5, 5, or 10 mg/kg and tested
for memory in a passive avoidance task, after 21 days the 5 and 10 mg/kg doses of juice
significantly and dose-dependently improved memory retention, and after 30 days all doses were
effective. With 10 ml/kg for 30 days, the percentage of rats that reached the learning criterion was
significantly increased.*’

In rats with endotoxin-induced uveitis, an acute intraocular inflammation, those given a
freeze-dried hydro-ethanolic chokeberry extract in saline intravenously (i.v.) showed a dose-
dependent reduction in the number of inflammatory cells in the aqueous humor of the eye. The
100 mg i.v. dose of polyphenol-rich extract was as effective as 10 mg i.v. prednisolone and in the
aqueous humor of the eye decreased nitric oxide, PGE,, and TNF-a levels. The anti-inflammatory
effect of the extract was greater than equivalent amounts of only quercetin or anthocyanins.*!

In TVitro

The generation of superoxide anion radicals, carbonyl groups, and 3-nitrotyrosine is
significantly higher in blood platelets of 47 invasive breast cancer patients, before and after
surgery and after various phases of chemotherapy with doxorubicin and cyclophosphamide, than
in 55 healthy subjects. These oxidation markers in the platelets of breast cancer surgery patients
and chemotherapy patients, as well as in healthy patients, were reduced significantly by exposure
to a phenolic-rich extract of chokeberry. The changes in these markers, along with significant
increases in reduced glutathione, indicate an alleviation of oxidative stress. This commercial
extract contained 310 mg/g total phenolics: 149 mg/g phenolic acids, 111 mg/g anthocyanins, and
50 mg/g flavonoids.*>*

In the plasma of these 47 breast cancer patients treated with surgery and chemotherapy,
the decreases of low-molecular-weight thiols, including glutathione, cysteine, and
cysteinylglycine that act as free radical scavengers, were significantly improved by the
commercial chokeberry phenolic-rich extract at all stages of treatment, while the elevation of the
oxidant homocysteine was significantly reduced.** In addition, the changes in hemostatic
properties, caused by the oxidative/nitrative damage in the breast cancer patients due to treatment
and differing from healthy volunteers, may contribute to thrombosis in the patients. These
hemostatic changes were also reduced by exposure of the plasma to the chokeberry extract.**

When tested in a mouse macrophage cell line, the polyphenol-rich freeze-dried hydro-
ethanolic extract blocked the induction of both COX-2 and inducible nitric oxide synthase
enzyme expression.*! A similar chokeberry extract reduced lipid peroxidation induced by

peroxynitrite in platelets and decreased the oxidative/nitrative stress in platelets from breast
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cancer patients at 50 mcg/ml.*

Since oxidative stress can be induced by the schizophrenia drug
ziprasidone, the commercial chokeberry extract rich in phenolics (phenolic acids, anthocyanins,
and flavonoids) was tested on the plasma of healthy subjects after exposure to different
concentrations of the drug. Lipid peroxidation induced by ziprasidone as indicated by elevated
TBARS was significantly reduced by the phenolic-rich extract.

When a cell culture line from a human embryonal kidney was exposed to damage from
the chemotherapeutic drug cisplatin, chokeberry juice applied for 24 hours prior diminished the
cytotoxicity in a concentration-dependent manner. This protection against the oxidative stress
effects of the drug led to significant increase in the half maximal inhibitory concentration (ICso)
for cisplatin.*’ It seems unlikely that this direct tissue-protective effect would diminish the
systemic therapeutic effect of cisplatin in vivo, since in that case the drug-treated internal tissue
would not be bathed in juice.

When testing a chokeberry juice anthocyanin concentrate and fractions, the extracellular
antioxidative properies were powerful for both the extract and a fraction containing both
glycosides and aglycones when using the ferric reducing ability test. Also, both isolated cyanidin
glycosides and the aglycone cyanidin were potent antioxidants, though fractions without these
anthocyanins or this anthocyanidin were not. DNA strand breaks induced by hydrogen peroxide
were significantly reduced by chokeberry juice concentrate, though not by the isolates. However,
in human colon cells the generation of endogenous oxidized DNA bases was not reduced by
either the concentrate, fractions, isolated anthocyanins, or cyanidin; the intracellular oxidized
DNA steady state was not altered by any of these components.*®

The ethanolic extract of the berries, its methanolic fraction and subfractions, and isolated
anthocyanins were tested for DPPH radical scavenging activity. The methanolic fraction purified
on Amberlite and the major anthocyanins cyanidin 3-arabinoside and cyanidin 3-galactoside and
the minor cyanidin 3-glucoside had the strongest DPPH scavenging capacity, while the minor
cyanidin 3-xyloside was the weakest isolate. For inhibiting 15-lipoxygenase, the 20% and 100%
methanolic subfractions over Sephadex were most potent, while inhibition of alpha-glucosidase
was strongest for the Amberlite methanolic fraction. The active methanolic fraction and
subfractions consisted mainly of procyanidins. Cyanidin 3-arabinoside was the most potent
anthocyanidin for inhibiting both of these enzymes.*

Examining individual anthocyanins and other polyphenolic components' antioxidant
activity, it was shown that chokeberry's cyanidin-3-galactoside, cyanidin-3-arabinoside, and
cyanidin-3-glucoside all have similar potency for inhibiting low-density lipoprotein (LDL) lipid

peroxidation and MeLo hydroperoxide formation and in scavenging DPPH radicals. In addition,
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the flavonol aglycone quercetin was as, or more, potent in these same assays, while chlorogenic
acid was less active for inhibiting oxidation of lipids but more effective in scavenging DPPH.*°

Cardiovascular health and metabolic syndrome

In Humans
In a double-blind clinical study 255 mg daily of a chokeberry extract with 25%

anthocyanins, 9% phenolic acids, and 50% monomeric and oligomeric procyanidins was given to
22 myocardial infarction patients who had been on the statin drugs simvastatin and atorvastatin
for at least 6 months. An equal number of similar patients were given placebo. In addition, 77%
of all those in the study were taking aspirin and 52% were using ACE inhibitors. Compared to
those given placebo with their medications, the ones receiving the extract had significantly
lowered diastolic and systolic blood pressure, C-reactive protein, IL-6, adhesion molecules,
oxidized LDL, and F,-isoprostane measurements and higher adiponectin. These changes indicated
a reduction in oxidative stress and inflammatory response, suggesting a lower risk for further
ischemic heart disease or "heart attack".>!

In a study of red blood cell membranes of 25 patient with untreated hypercholesterolemia
given 300 mg of the commercial phenolic-rich extract of chokeberry daily for 2 months, results
were compared with a control group of 20 healthy subjects. The extract decreased erythrocyte
cholesterol concentration by 22% and reduced lipid peroxidation by 40%. These results were
significant after 1 and 2 months of extract supplementation. A significant increase in erythrocyte
membrane fluidity was also noted after 2 months of extract use.*?

A total of 250 ml daily of the fruit juice high in polymeric procyanidins, anthocyanins,
phenolic acids, and quercetin glycosides was taken for 6 weeks by 35 hypercholesterolemic men
who were not taking medications for their condition. The juice was stopped for 6 weeks, and then
taken again for another 6 weeks. After the second 6-week juice intake, there were significant
decreases in mean serum total cholesterol, LDL cholesterol, and triglycerides and increases in
mean changes in brachial artery diameter, flow mediated dilatation, and serum nitric oxide levels,
indicators of reduced cardiovascular disease risk.™

A similar study with 58 men with mild hypercholesterolemia used the same 250 ml daily
dose of chokeberry juice for 6 weeks, then 6 weeks off, and finally another 6 weeks on. This
provided a daily intake of 1065 mg total polyphenols including 734 mg polymeric procyanidins,
123 mg neochlorogenic acid, 114 mg chlorogenic acid, and 47 mg of cyanidin glycosides. There
were steady significant declines in triglycerides, total cholesterol, and LDL-cholesterol over the 3
periods of the study, while high-density lipoprotein (HDL)-cholesterol significantly increased.

Also found after the 18 weeks were significant decreases in glucose, homocysteine, and
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fibrinogen. Moreover, both systolic and diastolic blood pressures were significantly reduced after
18 weeks and between the 12th and 18th week.>

In a study with 38 middle-aged patients with metabolic syndrome and 14 healthy
volunteer controls of equivalent age and gender ratio, 100 mg of a chokeberry extract was given 3
times daily for 2 months to those with metabolic syndrome. Each extract dose was described as
containing 60 mg total polyphenols with at least 20 mg anthocyanins (65% cyanidin-3-
galactoside and 29% cyanidin-3-arabinoside). Triglycerides, total cholesterol, and LDL-
cholesterol were all significantly reduced in the patients after 1 and 2 months.>

A study examined the effects of 300 mg daily of chokeberry extract for 2 months on 25
patients with metabolic syndrome versus 22 untreated healthy control subjects. At study's end,
significant reductions from baseline values were found with extract use for systolic and diastolic
blood pressures, endothelin-1, total cholesterol, triglycerides, and LDL-cholesterol. Examining
lipid peroxidation, the extract significantly reduced the marker TBARS and the antioxidant
enzyme catalase, while significant increases were found with superoxide dismutase and
glutathione peroxidase, as well as fibrinogen levels, compared to baseline.*®

In 50 patients with metabolic syndrome, 25 who were previously non-treated received
300 mg daily of chokeberry extract (with 60 mg total polyphenols, 20 mg anthocyanins) for 2
months, while 25 active controls were taking an angiotensin I-converting enzyme (ACE) inhibitor
and hypolipemic medication, and an additional 20 healthy controls had no intervention. Those
receiving the extract had significant reductions in total cholesterol, LDL, systolic blood pressure
(SBP), and ACE activity after 1 and 2 months. However, the LDL, SBP, and ACE activity values
were still significantly higher than healthy controls, as was the SBP of conventionally-treated
controls.’’
In Animals

Chokeberry juice high in phenolics (709 mg/100 ml) including anthocyanins (107
mg/100 ml) was fed at 5, 10, or 20 ml/kg b.w. for 30 days to rats on a control diet or on a control
diet plus 4% cholesterol. There were no changes in plasma lipids with the juice for rats on the
control diet. Those consuming 4% cholesterol and juice had significantly reduced elevations in
total cholesterol and LDL-cholesterol at all dosages and triglycerides at the 20 ml/kg dose,
compared to diet alone. HDL-cholesterol and liver or aorta histology were not significantly
altered by the diets or the juice.’®

Assessing effects on metabolic syndrome disposition in rats with induced hyperlipidemia,
oxidative stress, and glucose intolerance from streptozotocin and a high-fructose diet, a

polyphenol-rich (714 mg/g with 56.6% anthocyanins) extract of chokeberry as 0.2% of the diet

84



Black Chokeberry

lowered cholesterol and improved antioxidant status, including normalizing lipid peroxidation in
liver, kidneys, and lungs. It also showed hypoglycemic activity, decreasing sucrase and maltase
activity and increasing lactase activity in the intestinal mucosa. Chokeberry is seen as a promising
means of helping avoid metabolic syndrome and its complications.>

To induce insulin resistance, rats were fed a fructose-rich diet for 6 weeks with or without
a spray-dried chokeberry extract, made from frozen berries with 60% ethanol and containing at
least 10% anthocyanins, that was added to the drinking water at 100 or 200 mg/kg b.w. daily.
Both doses significantly reduced weight gain and blood glucose, cholesterol, LDL-cholesterol,
and triglycerides. In addition, the extract inhibited the inflammatory cytokines TNF-a and IL-6,
while significantly elevating HDL-cholesterol adiponectin levels in the plasma, compared to
controls. These effects were credited to changes in gene expression.®

In apolipoprotein E knockout mice fed a diet with 15% fat and 0.2% cholesterol, those
that also received 0.05% of a spray-dried chokeberry ethanolic extract rich in polyphenols (131.6
mg/g anthocyanins, 100.6 mg/g chlorogenic/neochlorogenic acids, and 10.2 mg/g quercetin and
its glycosides) had 12% less plasma total cholesterol than controls. Plasma catalase and
paraoxonase activities were increased significantly in the mice receiving the 0.05% extract diet,
along with increased liver glutathione peroxidase activity. While the plasma and liver antioxidant
function increased, the plasma cholesterol decreased independent of liver gene expression
associated with cholesterol metabolism.®!

In rats with hypertension induced by L-NG-nitroarginine methyl ester (L-NAME), those
given 0.05 g/kg body weight of an ethanolic extract of dried ripe chokeberries every other day
with L-NAME for 8 weeks had significantlyly lower blood pressure values compared to L-
NAME-only rats, along with significantly higher total antioxidant capacity. The extract contained
24.9 mg/g total phenolics and 4.46 mcmoles/g anthocyanins; phenolics identified specifically
included chlorogenic acid, rutin, hyperoside, quercetin, and kuromanin. Serum glutathione
peroxidase activity was significantly higher in rats receiving the extract, while reduced
glutathione content was normalized and the lipid peroxidation marker malondialdehyde was
reduced considerably.®
In Vitro

For inhibition of angiotensin I-converting enzyme (ACE), the ICso of a chokeberry
extract was 155.4 meg/ml, compared to 0.52 mcg/ml for the ACE inhibitor drug captopril.”” ACE
inhibitors are used from reducing blood pressure in hypertensive patients.

An anthocyanin-rich chokeberry extract was tested on coronary arterial rings from pigs in

isometric force studies. The extract produced dose- and endothelium-dependent vasorelaxation.
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At a concentration of 0.05 mg/L total anthocyanins, the greatest protection was shown against
reactive oxygen species (ROS)-induced loss of relaxation produced by the compound A23187.
Extract concentrations lower than necessary to alter the vascular tone still protect the coronary
arteries from ROS without altering relaxation to nitric oxide, suggesting it could have significant
benefits in vascular disease.®

Human aortic endothelial cell treated with 50 mcg/ml of chokeberry fruit extract prior to
TNF-a exposure significantly inhibited the expression of ICAM-1 and VCAM-1, decreased NF-
kB activation, and reduced intracellular ROS production. In so doing, it showed anti-
inflammatory effects that could provide cardioprotective benefits.**

The impact of chokebrry extract on Caco-2 intestinal mucosal cells showed this
polyphenol-rich preparation regulates gene expression associated with cholesterol absorption and
lipid metabolism. Apical cholesterol uptake was significantly decreased, while mRNA was
induced that mediates apical cholesterol efflux. The extract significantly increased the mRNA and
protein levels of low-density lipoprotein (LDL) receptor, as well as cellular LDL uptake. This
effects likely contribute to hypolipidemic activity of chokeberry extracts.®

Coagulation

In Humans

In a study of blood clotting with 38 patients with metabolic syndrome and 14 matched
healthy volunteer controls, 300 mg of a chokeberry extract containing 180 mg total polyphenols
was given daily to the patients for 2 months. At baseline and continuing for 2 months, when
platelet-rich plasma was separated and tested ex vivo, the fibrinogen was significantly higher in
the plasma from metabolic syndrome patients than in controls; however, the potential for clotting
and fibrinolysis was reduced significantly from baseline after 1 month to control levels. In
addition, after 1 month the maximal aggregation induced by ADP was significantly decreased in
patients compared to baseline, along with significantly reductions in maximum clotting and
overall potential for coagulation to match control values. After 2 months the potential for clotting
remained significantly decreased, while the thrombin generation time was significantly increased.
Thus, hemostatic parameters improved in metabolic syndrome patients. No significant changes
were seen with control subjects.>

In Vitro
A commercial Polish chokeberry extract, containing about 60% total phenolics and at

least 20% anthocyanins, at concentrations between 5-100 mcg/ml significantly and dose-
dependently reduced aggregation of platelets both from 15 patients with cardiovascular risks

(hypertension, hypercholesterolemia, smoking, diabetes) and from 15 healthy controls. This
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occurred whether platelet aggregation was induced by collagen or thrombin and independently of
nitric oxide release by platelets. A reduction in superoxide production in those with
cardiovascular risks was not associated with the anti-aggregatory effects.

Using the same chokeberry extract, platelet aggregation inhibition induced by human
umbilical vein endothelial cells on ADP-activated platelets from 16 healthy men and women was
shown to be significantly enhanced at the low concentration of 5 mcg/ml.%” Spontaneous and
ADP-activated platelet adhesion was also reduced by aronia extract at 10-100 mcg/ml. The
extract also significantly inhibited the amidolytic activity of both thrombin and plasmin at these
concentrations.®

When fresh plasma and human thrombin were incubated together with 5 mcg/ml of the
same commercial extract of chokeberry, the clotting time was significantly prolonged in a dose-
dependent manner, and the fibrin polymerization maximal velocity in human plasma was
significantly decreased. The extract was analyzed and shown to contain 478 mg/g total phenolics,
including 135 mg/g total hydroxycinnamic acids, 94 mg/g each of total anthocyanins and total
flavanols, and 24 mg/g total flavonols.*

A follow-up study with this same extract showed that in the 0.5-50 mcg/ml range it both
dose-dependently and significantly inhibited thrombin-induced fibrinogen polymerization and
platelet aggregation, while also stabilizing formation of fibrin. Of individual phenolic
components that were tested for their effect on the amidolytic activity of thrombin, the aglycone
cyanidin had the lowest inhibitory concentration, 20 time more potent than cyanidin 3-glucoside
and almost twice as potent as quercetin. Inhibiting thrombin is a major trend in pharmacotherapy
to prevent thrombotic states, so the potential for identifying an effective orally-bioavailable
polyphenolic alternative to vitamin K antagonists like warfarin in enticing.”

High concentrations of homocysteine in its reduced (0.1 mM) and its most reactive form
(1 mcM) induce oxidative stress and fibrinogen polymerization in plasma, but chokeberry extract
at 5.0 mcg/ml was shown to reduce these biotoxicity actions, similar to resveratrol. This suggests
the extract may be protective against thrombosis in hyperhomocysteinemia.”! When peroxynitrite
was added to plasma it led to nitrative damage to the fibrinogen, but chokeberry extract added at
0.5-50 mcg/ml to the fibrinogen 10 minutes prior protected against this.”

Chemopreventive potential of chokeberry derivatives

In Animals
In a test of mice exposed to cigarette smoke daily from birth to 4 months of age, some
were also given chokeberry aqueous extract in the only source of drinking water for 7 months

beginning at weaning. Those mice without the extract developed weight loss, lung alterations
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including adenomas and emphasema, cytogenetical damage to red blood cells, liver parenthymal
degeneration, and bladder epithelial hyperplasia. Mice consuming the extract showed inhibition
of all of these effects, except for bladder epithelial hyperplasia. Due to the extensive protection
from a complex toxin, the outcome suggests a multitude of active components and mechanisms.”

An anthocyanin-rich extract of Indiana chokeberries was given for 14 weeks to rats
treated with the colon carcinogen azoxymethan and compared to controls. The rats given the
extract consumed about 26 mg/kg of anthocyanins and 111 mg/kg total phenolics per day. Total
and large aberrant crypt foci were reduced significantly by the extract. Colon cellular
proliferation was decreased by the extract diet. High levels of fecal anthocyanins were detected,
along with increased fecal mass and moisture and a reduction of fecal bile acids, compared to
controls. These findings suggest multiple protective effects of the anthocyanins against colon
carcinogenesis.”

Chokeberry juice was given to rats by gavage at 8 ml/kg b.w. for 28 days; on day 27, the
carcinogen N-nitrosodiethylamine (NDEA) was injected intraperitoneally (i.p.) into these and into
control rats. After NDEA exposure the rats that had consumed the juice for 4 weeks had partial
protection from its toxicity, as the elevations of sorbitol dehydrogenase (SDH), gamma glutamyl
transferase (GGT), bilirubin, and creatinin were significantly less than mice receiving only
NDEA. However, possibly due to the liver carcinogen NDEA having the same effects on
CYP1AIl and CYP1A2, along with NDEA decreasing the activity of CYP2El and enhancing
CYP2B and NAD(P)H:quinone oxidoreductase-1 (NQOI1) activity, the juice significantly
increased DNA damage caused by NDEA.” This finding stands in contrast to the rest of the
studies that show anticancer potential.

Rats that were also given 8 ml/kg chokeberry juice for 28 days by gavage were in this
case administered the liver and mammary gland carcinogen 7,12-dimethylbenz[a]anthracen
(DMBA) i.p. on the day 27. Juice consumption again provided partial protection from liver
toxicity, as the elevations by DMBA of SDH, GGT, and alanine aminotransferase (ALT), along
with bilirubin, creatinine, and blood urea nitrogen (BUN) were significantly reduced. The juice
reduced activity of CYP1A1 and CYP1A2 and NQOI in the liver, but not in mammary glands.
These isoenzymes are involved in DMBA metabolic conversion, but the juce had no effect on
DMBA-induced DNA damage in blood cells. Thus, chokeberry effects on carcinogen metabolism
depend on the carcinogen and are tissue specific.”

In Vitro
An anthocyanin-rich extract of chokeberry induced apoptosis in human pancreatic cancer

cells at a concentration of 1 mcg/ml such that it also increased the cytotoxicity of the
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chemotherapy agent gemcitabine, when used in combination against this cell line AsPC-1 in
vitro.”® A glioblastoma cell line (U373) treated for 48 hours with chokeberry extract or curcumin
found ICso values of 200 and 15 mcg/ml, respectively. Chokeberry extract caused cell line
necrosis, while curcumin induces apoptosis. Both downregulated gene expression for matrix
metalloproteinases (MMP)-2, -14, -16, and -17. These effects both demonstrate anticancer
potential.”’

In human HT-29 colon cancer cell cultures, an anthocyanin-rich extract of chokeberry
fruit inhibited growth by 60%, with a blockage at both cell cycle G1/G0O and G2/M phases. This
coincided with altered gene expression, including decreased COX-2 and cyclin A and B gene
expression. Normal colon cells were not similarly effected, with <10% growth inhibition at the
highest concentration of 50 mcg/ml.”

Human colon carcinoma Caco-2 cells exposed 2 hours daily for 4 days to chokeberry
juice subjected to gastric and pancreatic digestion in vitro led to G2/M cell cycle arrest. In
conjunction the tumor suppressor carcinoembryonic antigen-related cell adhesion molecule 1
(CEACAMI1) was up-regulated at both the mRNA and protein levels; its expression is typically
reduced in early carcinomas and adenomas.”

Among 35 beverages tested for the influence on estradiol sulfation in Caco-2 cells, aronia
juice was the second strongest inhibitor after coffee. These drinks strongly inhibited
sulfotransferase activity on estrogen in these human colon cancer cells. Since colon cancer
incidence in women is reportedly reduced in those who drink coffee, there may be a relationship
between colon cancer and sulfotransferase activity. '

Good correlation was shown between total procyanidin and anthocyanin content of
chokeberry extract and its antioxidant activity. The anthocyanin fraction of a chokeberry extract
was found to inhibit proliferation of HeLa human cervical tumor cells. The anthocyanins also
increased intracellular reactive oxygen species generation after 48 hours, a possible mechanism
for the antiproliferative effect.®

Crude extracts with 70% aqueous acetone were made from Illinois wild and European
cultivated chokeberries and compared, along with 6 fractions and 22 subfractions, for effects on
L1210 leukemia cells. A fraction of the wild berries at 50 mcg/ml inhibited the leukemia cell
activity by >95%, while a similar subfraction from the cultivated berries at 25 mcg/ml showed a
>90% inhibition. All of the fractions from the wild berries acted as topoisomerase inhibitors. '

In the lymphoblastic leukemia Jurkat cell line, chokeberry juice from Germany with 7.15
g/L polyphenols inhibited cell proliferation. Cell cycle arrest occurred in the G»/M phase, the

juice inducing apoptosis associated with upregulation of active caspase 3 and tumor suppressor
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p73. The juice also increased formation of reactive oxygen species to produce a sustained
intracellular pro-oxidant effect. (Similar effects have been shown with resveratrol, EGCG, and
curcumin.) Fractionation identified anticancer activity in association primarily with chlorogenic
acids, some cyanidin glycosides, and quercetin derivatives. The juice also induced apoptosis in
other human lymphoblastic leukemia cells including HSB-2, Molt-4, and CCRF-CEM lines and
in human primary lymphoblastic leukemia cells, but not in normal primary T-lymphocytes.®!

A significant reduction in mutagenic changes has been shown with chokeberry fruit
anthocyanins. Sister chromatid exchanges induced by the carcinogen benzo(a)pyrene in human
lymphocytes cultures were significantly decreased by the anthocyanins. The reduction of sister
chromatid exchanges from exposure to mitomycin C was not as great, but was noticeable. This
effect was thought to be due to free radical scavenging and inhibition of enzymes that activate
these promutagens.®?

Chokeberry and infections

In Humans

In a crossover intervention for prevention of urinary tract infection (UTI), residents in 6
nursing homes were given placebo for 80 days and then chokeberry juice for 65 days (group A;
110 residents in 4 nursing homes) or the juice for 40 days and placebo for 30 days (group B; 126
residents in 2 nursing homes). Periods of 3 months observation were undertaken before and after
the 2 consecutive periods of receving placebo or juice. The total phenolic content including
anthocyanins, chlorgenic acids, and B-type procyanidins in the 156 ml daily juice intake by group
A was 1115 mg, while the 89 ml juice daily consumed by group B contained 636 mg phenolics.
During the period of juice consumption, there was no reduction in antibiotic use or UTI
frequency, but in the subsequent 3-month period the incidence of UTIs was reduced in group A
by 55% and in group B by 38%.%
In Animals

Mice, exposed intranasally to 5 times the 50% mouse lethal dose of influenza virus strain
rPR8-GFP, were untreated or treated orally twice daily for 3 days with either 1 mg/kg of the
antiviral drug oseltamivir or chokeberry alcoholic extract, or i.p. with the chokeberry components
ellagic acid or myricetin. The viral expressions in the lung tissue were reduced more than 50% by
the chokeberry extract, ellagic acid, and myricetin, compared to non-treated mice, and viral
replication was reduced 15-30%, while morbidity was likewise reduced. All untreated mice died
within 10 days, whereas those on oseltamivir all survived 14 days, and mice receiving chokeberry
extract, ellagic acid, and myricetin had 14-day survival rates of 50%, 50%, and 37.5%,

respectively.®
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In Vitro

When tested against seasonal influenza viruses (H1/K09, H3/PE16, B/BR60),
oseltamivir-resistant strain (H1/K2785), and HSN1 influenza virus (HPAI rH5/IS06), chokeberry
ethanolic extract showed cross-reactive efficacy with 0.0625-0.5 mg mixed in 200 mcL of media;
0.125 mg had >60% efficacy against all viruses tested. Higher concentrations were needed for HS
and human B subtypes, and increased concentrations in general were more effective. Of the 7
polyphenolic constituents tested, 4 restrained H1/K09 viral replication: ellagic acid, gallic acid,
myricetin, and quercetin.®*

In a test of chokeberry extracts, subfractions, and compounds for inhibiting Escherichia
coli and Bacillus cereus and preventing biofilm formation, no bacterial inhibition was detected.
Still, an anti-biofilm activity was shown against B. cereus strain 407 most strongly by the 50%
ethanolic extract, but also a 50 °C water extract, the anthocyanin cyanidin-3-xyloside,
neochlorogenic acid, procyanidins B2, B5, and C1, and a polymeric procyanidin fraction Seph g.
On the other hand, epicatechin and 3 anthocyanins (cyanidin-3-galactoside, -glucoside, and -
arabinoside) actually increased B. cereus biofilm growth. Anti-biofilm activity against E. coli
strain JM109 was shown with the 50% ethanolic extract, both the 50 °C and 100 °C water
extracts, dichloromethane extract, cyanidin-3-xyloside, and especially epicatechin. In this case,
the procyanidin monomers, Seph G, and the other 3 anthocyanins increased E. coli biofilm.

In tests on inhibiting the nitric oxide (NO) production in lipopolysaccharide-induced
macrophages, procyanidins B2, B5, and C1 plus proanthocyanidin-rich fractions with degree of
polymerization (PD) of 7 and 34 were active. All except the fraction with PD 34 were inhibitory
to NO without impacting cell viability, demonstrating an anti-inflammatory effect. These same
procyanidins and proanthocyanidin fractions, plus the aglycone cyanidin, also showed strong
complement-fixing activities.*

Potential alterations in drug metabolism

In Humans

A human case report described, after a fourth cycle of trabectedin as second-line
chemotherapy, a man with liposarcoma who suddenly developed weakness and diffuse muscle
pain. This occurred only after taking a chokeberry preparation during the last course of trabectin
and the following 2 weeks. Along with increased serum levels of myoglobin, creatinine
phosphokinase, and lactate dehydrogenase, there was evidence of pancytopenia and a large
increase in liver enzymes. After stopping the chokeberry extract, the markers of myolysis slowly

returned to normal and muscle strength progressively recovered. The evidence indicated that it
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was probable the adverse event was an interaction of trabectedin and chokeberry, likely through
inhibition of CYP3A4, though this conclusion is speculative.®’
In Animals

Chokeberry juice was given to rats by gavage at 8§ ml/kg body weight for 28 days.
Chokeberry decreased activities of hepatic cytochrome P450 (CYP) 1A1 and CYP1A2 and
increased CYP2B. Phase II metabolic enzymes glutathione-S-transferase and quinone reductase
were both increased by the juice in the liver,”*” but not in mammary glands.”

In Vitro

Of 27 compounds isolated and identified from the ethyl acetate-soluble extract of
chokeberry, the 3 that were shown to double phase II quinone reductase activity in micromolar
amounts were quercetin at 3.1 mcM, protocatechuic acid at 4.3 mcM, and neochlorogenic acid
methyl ester at 6.7 mcM.*

Using the sedative drug midazolam as a substrate demonstrated that cyanidin-3-
arabinoside is a more potent CYP3A4 inhibitor than the more abundant cyanidin-3-galactoside
and the minor cyanidin-3-glucoside. Procyanidin B5 is likewise a stronger inhibitor than its
isomeric procyanidin B2. Proanthocyanidin fraction CYP3A4 inhibitory activity is based on the
degree of polymerization.*

Summary

The potent antioxidant effect from the polyphenolic compounds in chokeberry, especially
its anthocyanins, have been shown to protect tissues from damage due to toxins and various
oxidizing agents. The impact on endothelial function has demonstrated benefits in clinical studies
for those with cardiovascular disease and those at risk. Research evidence is particularly
supportive of those who suffer with metabolic syndrome, that is, those who are have excessive
abdominal fat with hyperlipidemia and/or diabetes risk and/or high blood pressure, along with
underlying oxidative stress and low-grade inflammation. Common dosage forms including juice
and extracts can readily provide the effective anthocyanin dosage for this condition. To help
avoid vascular obstruction by blood clots, the reduction of coagulation propensities by thrombin
inhibition is very attractive as a potential alternative to vitamin K antagonists known for the
having a poor safety profile. Counteracting changes that make tissues susceptible to cancer or
insidious degenerative diseases suggests chokeberry is a viable means of reducing chronic disease
risk.

More limited evidence suggests possible benefits of chokeberry in cases of urinary tract
infection and influenza. Similarly, preclinical research and a human case report also suggest

potential inhibition of some drug metabolism; however, such limited evidence is an inadequate
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basis on which to draw clinical conclusions. Preclinical research showing enhancement of phase
II elimination of certain metabolic byproducts likewise renders this as a possibility. As this once
relatively inaccessible berry becomes more widespread through commercial cultivation and
utilization and is examined in good quality human studies and clinical trials, its value and
limitation will be revealed. Chokeberry's growing availability will provide another fruitful
opportunity for those who desire the protection against oxidative stress that can be gained from

this polyphenol-rich source and its dietary and supplemental preparations.
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V. A Perspective on Berry Research and Health

Due to their radical-scavenging, antioxidant, and anti-inflammatory activities, the wide
varieties of bioactive polyphenolics including anthocyanins and other flavonoids, phenolic
acids, stilbenes, and proanthocyanidins in berries and other fruits, as well as in vegetables,
herbs, and spices, are vitally necessary for protecting and maintaining optimal health. In a
world where exposure to damaging synthetic chemical compounds is an inescapable reality,
reducing the impact of insidiously toxic substances is necessary for avoiding cellular and tissue
oxidative stress and pro-inflammatory states that can predispose people to chronic diseases.

In the past, fresh berries were only available seasonally. Widespread cultivation, modern
processing technologies, and efficient transportation has made access to some fresh berries
possible much of the year, while many berries are available all year in fresh-frozen form. The
phytochemical compositions of berry products can be highly variable depending on differences in
cultivars, geographic origins, harvesting, processing, and storage. Combining several types of
products, especially if one source is canned goods, is more likely to provide meaningful amounts
of the broad spectrum of protective nutrient and non-nutritive agents.

An important aspect of a healthy diet is to enjoy a variety of fresh garden and orchard
foods, including fresh and/or frozen berries. Obtaining, preparing, and safely and effectively
preserving fresh berries can be challenging, but relying only on consumption of commercial
preparations is not optimal. To supplement occassional or even frequent intake of fresh or frozen
berries, freeze-dried concentrated berry powders or extracts can help assure a steady intake on a
daily basis. These more concentrated sources offer simple means of maintaining regular exposure
for long-term use. For convenience of consumption, canned products including juices have their
place as available options as well.

Juices from cranberry and aronia, like their concentrated extracts, have been shown to
benefit or prevent some chronic conditions. Even frozen berry juice concentrates added to
smoothies or sparkling water provide add value to these beverages. However, any type of juice or
extract contains only a portion of the overall value from the berry. In general, overall juice
consumption should be limited to moderate amounts (8-12 oz. daily) because of the sugar content
and lack of fiber. Juice from sources like cranberries that are low in sugar can be unpalatable in
its pure natural form. Mixing this sour juice with sugars or combining it with sweet juices like
those made from grapes or pears helps solve the taste issue but introduces the sugar problem.
Artificial sweeteners, intended to improve the flavor and to help avoid over-consumption of
sugars, are unnatural synthetic chemicals. Recent development of extractives from the stevia plant

has made available safe, non-caloric sweetening agents from a natural source.
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Air-dried berries provide antioxidant activity and good fiber, but are still relatively high
in sugars and have lost much of the antioxidant value available in fresh or frozen berries.
Drawbacks such as nutrient loss and excessive sugar apply even more to other highly processed
and sweetened products, such as preserves, jams, and jellies. These are best suited for occassional
use in small amounts by individuals with normal sugar metabolism. Berry pies and cobblers can
be nutritious desserts, but, when excessively sweetened, are likewise not appropriate as part of the
regular diet. Over-consumption of sugars is one of the major factors contributing to many of the
chronic conditions that currently plague humanity, especially obesity and type 2 diabetes. The
different forms of foods and beverages prepared from berries provide some delectable choices
that can make their consumption more enjoyable, but the less sugars ingested, the healthier the
outcome.

Though berries in general share many of the same benefits, since as a group they are
more concentrated in anthocyanins than most other fruit, each kind of berry offers specific
advantages that are greater than found in other sources. Blueberries have become known for
helping protect the brain from neurodegenerative disorders, especially those involving memory.
As populations age, this becomes a critical concern for maintaining self-reliance and
independence. Cranberry juice is an established means of decreasing urinary tract infections but
has now been recognized for reducing markers indicative of cardiovascular disease. Freeze-dried
black raspberries hold promise as a means of helping prevent cancers of the digestive tract by
direct local exposure. Finally, chokeberry may be the berry best suited for lowering risk factors
involved with cardiovascular and coagulation risks.

All these berries are known for their high potential for reducing cellular oxidative stress,
the underlying condition that contributes to many chronic disease conditions. Noteworthy among
these modern epidemics is the ever-expanding metabolic syndrome (that includes abdominal
obesity, hyperlipidemia, high blood pressure, and/or glucose intolerance); all four of these berries
have shown evidence of helping ameliorate this condition. The reduction of carcinogenicity of
chemical substances and radiation is another potential advantage derived from these four berries.
Protection against foreign chemical compounds in general through enhanced metabolic
processing in the liver appears to be part of the mechanism for black raspberry and chokeberry.
Reducing susceptibility to infection is potentially an additional berry benefit, while diminishing
the expression of low-grade inflammation with these berries is another contributing factor to
promoting overall long-term health.

Ingesting delicious food preparations and good quality dietary supplement products that

provide essential and adjunctive nutritional benefits is an enjoyable and immanently practical
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means of addressing major health concerns that plague our modern world. Berries have been
shown scientifically to be helpful for preventing or reducing oxidative and/or inflammatory
features underlying many common diseases. The means for addressing many of these
contemporary ills lies within our grasp, when made available on our tables in the form of
traditional foods, especially those from plants. Berries, like other fruits and vegetables, herbs, and
spices, are desirable for their distinctive flavors and attractive colorful appearances. Now, more
than ever, they all need to be appreciated, eaten, enjoyed, and advocated for their life-enhancing

and health-ensuring compositions of savory and potent bioactive content.
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Appendix. Advantages and limitations of different forms and preparations

Fresh berries

Throughout the ages, fresh berries have been the preferred form for consumption. This most
happily occurs while picking them from the bush or bramble, usually while collecting more for later
enjoyment at home. One of my most pleasurable childhood memories is of sitting in the shade of the
branches of mulberry trees on a hot summer day with the sweet juice filling my mouth and staining my
fingers purple. A little dust on these luscious gems did not diminish the experience. Such times spent in
nature and enjoying its bounty and goodness are indelibly imprinted on my psyche.

Fresh berries, washed and preferably organic, are certainly a great way to enjoy these fruit, and
the optimal way to obtain the full nutritional value. The juiciness of fresh fruit and berries allows the
flavor and nutrients to be immediately released with a little chewing, even delivering health benefits to
the mouth and esophagus. Unsurprisingly, consumption of fruit is associated with reduced cancer risk in
these organs and the throat, and even in the larynx. The berry water itself, both that which is filtered
through the roots plus the new water unique to that plant as a product of its photosynthesis, is an essential
component in sustaining the complex phytochemical integrity that makes fresh berries tantalizing and in
delivering nourishment directly to those tissues that come in immediate contact with the juice.

One advantage of fresh berries is their wide applicability, when eaten alone from the hand, added
on top of cooked or cold cereal, baked in breads, or used to color salads. They enhance the flavor of
otherwise bland foods, mixed in live plain yogurt for breakfast or with a little real vanilla ice cream as a
treat. (The higher the ratio of berries to ice cream, the better it is.) These are ingredients that children
love, so it is good to doctor-up less tasty dishes with a child's favorite berries. They help bring back
pleasant memories of better days for the ailing elderly as well.

Some berries may be too sour to enjoy fresh or alone. I remember my mother adding sour wild
gooseberries to her mulberry pies to enhance the flavors of both. Fresh berries mix well with each other
and with other fresh fruit, expanding the culinary possibilities as good combinations harmonize flavors
and complement nutrients. Consequently, varying fruit salads can provide different enjoyable dishes
without one becoming tired of the same flavors. However, many fresh berries have a very limited shelf
life, especially when obtained in such abundance that adequate refrigeration is unavailable, so preserving
berries for longer use is also necessary.

Means of traditional home preservation typically included air-drying or canning whole berries,
canning preserves and jams, or extracting the juice for making wine and jellies. Using heat and sugar or
alcohol as means of preserving delicious berry flavors has been a common but less than optimal way of

retaining some of the nutrient richness. Therefore, with the exception of fresh juice or canning non-
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sweetened whole berries in berry juice, air-drying berries may preferable in a nutritional sense to these
other forms of preservation.

While the above processes will all be briefly described below, a couple of modern means that are
the most preferable ways of preserving berries will be highlighted first. Foremost of these, the advent of
freezing berries has made seasonal fruit available all year while retaining the components in the fresh
berry, including its water medium. Freezing thereby optimally retains the phytochemical proportions and
bioactivity associated with fresh "living" berries after storage. The second method utilizes freezing prior
to vacuum drying, providing a dry powder that contains the components found in the fresh berry by
freeze-drying.

Frozen berries

Like drying, freezing essentially "kills" the berry. In this case the cell membranes are ruptured by
the expanding ice as the intracellular water freezes. By keeping the nutrients in suspension, it nonetheless
mixes the compartmentalized nutrients and enzymes, so that when the frozen berries thaw the inner berry
has largely been "juiced", while containing all of the original matrix elements including fiber. However,
enzymes become active when released and lead to chemical conversions of some compounds that can
alter flavor. Also, the turgidity that the intact cellular membranes provide for the fresh berry is lost, so the
frozen-then-thawed berry become softened.

The great advantage of freezing is that it allows the storage of berries in their whole, entire state
for a prolonged period. Nutrient content is reduced over time, based on the storage temperature and the
duration of storage. Therefore, berries should not be stored indefinately in home freezers but should be
consumed before the next fruiting season when fresh berries become available. The thawed berries can be
consumed in many of the same ways as fresh berries, though leakage of juice and potential staining can
obviously be an issue. Dishes, bowls, and spoons become a necessity, whereas they serve as suitable
social options with fresh berries in situations where eating with ones fingers may be perceived as gauche.

Freeze-dried berries
Freeze-drying, known also by the technical term lyophilization, was developed during World War

II to ship blood serum from America to Europe; it was then also applied to preserving penicillin. Freeze-
drying grew in utilization in the latter half of the twentieth century in both pharmaceutical applications
and the food and beverage industries. Lyophilization uses the process of sublimation to remove water
from substance by first freezing the substance, and then lowering the pressure in a partial vacuum which
causes the ice to transform directly to water vapor. To complete the drying, the temperature is slowly
raised in the vacuum dryer to above freezing. This process causes the rapid removal of water with heating

and without allowing a liquid phase in which enzymatic transformations can occur. Since it is a physical

98



Appendix

and not a chemical process, it does not introduce new compounds into the freeze-dried material, but
maintains the chemical integrity of the material almost in its entirely.

Freeze-dried berries maintain their original appearance when kept whole, unlike other dried
berries. They absorb water better due to internal cell rupture, so they reconstitute more rapidly and by
appearance more completely. Freeze-dried berries are often added to breakfast cereals, whether prepared
hot or cold, and make a wonderful addition to trail mixes and other dry snacks. Another advantage of
freeze-dried berries is the extensive shelf-life, if they are kept dry and away from light in opaque sealed
containers or resealable foil bags. As with any form, the lower the temperature used for storage, the
longer the preservation of the original phytochemical contents, so refrigeration or frozen storage of
freeze-dried berries further extends the shelf life. When kept this way, the berry components are most
stable for long-term storage.

Yet, they may be even better in some regards when they are ground to powder and used in moist
foods like yogurt or added to smoothies or apple sauce. The reason for this is the increase in surface area
of the particles of powder allows for even more rapid and complete hydration, which then helps enhance
the digestion and absorption of the nutrients contained in the dried berry, something not as achievable
with gummy "dried" berries or fruit like raisins or prunes. If the berries are powdered, they require a
desiccant in opaque or brown glass bottles to absorb moisture.

On a further note, powdering freeze-dried berries releases access to potent phytochemicals in
seeds that would otherwise pass undigested through the gut, if the berries where eaten fresh and chewed
normally. In particular, berries in the Rosacea family including strawberries, raspberries, and blackberries
contain high amounts of the antioxidant ellagic acid in their seeds, more even than in any other part of the
berry or plant. These typically pass whole through the intestines, since vigorous chewing is required to
crack through the seed shell and mash them flat. Even then, the seeds remain largely intact, making it
difficult to absorb ellagic acid. So, in the regard, freeze-drying these berries may in some ways exceed the
benefits from the fresh fruit due to the enhanced bioavailability of ellagic acid and its derivatives.

Powdering the freeze-dried berries makes them easier to add, alone or in combinations, to a liquid
preparation for consumption. However, the dissolution of the freeze-dried berry powder does not occur
instantaneously like many granulated "instant drinks" or freeze-dried juice, since the whole berry powder
contains all of the berry fiber but no additives, so the powder retains some degree of cohesion. To
effectively address this, either a mechanical stirrer or blender can be used. Otherwise, if small lumps have
formed in the powder container, pressing them against the side of the container with a fork readily breaks
the lumps.

Adding a spoonful of freeze-dried berry powder straight into water or juice can cause a clump to

form on the surface, with powder in the middle of the clump still dry. A simple and quite effective
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method to address this is to use a closed bottle, jar, or container as a shaker. After adding the freeze-dried
powder to water, juice, or other fluid in the bottle or jar, replace the cap or lid firmly and manually shake
the container 5 or 10 times. The impact of the powder and fluid on the sides of the bottle or jar disperses
the powder into the liquid. After drinking the mixture from the container, some wet whole-berry powder
will have adhered to the sides and bottom. By adding a little water or juice and reshaking, this powder
readily dislodges into solution and can then be consumed.

Fresh and freeze-dried berry juice

After fresh, fresh frozen, and fresh freeze-dried berries, probably the next best form of deriving
the most goodness from berries would be consuming small amounts of the fresh juice. I note small
amounts, since juicing vastly reduces the bulk such that a small amount of juice represents a large serving
of berries. (How much depends upon the type of berry, its initial fluid content, and the efficiency of
extracting the juice.) The value is in its freshness, and in the quality of the original berry water in the fresh
juice, as opposed to the filtered tap water used to reconstitute commercial "100% juice" from
concentrates.

Unfortunately, once its made the juice can begin to rapidly deteriorate due to the activation of
enzymes caused by cellular wall and membrane rupture in the juicing process. This mixing leads to
relatively rapid conversions of compounds in the berries that can alter the taste and effects. Refrigeration
helps to slow these enzymatic breakdowns, but the best means of stopping this from occurring is to
freeze-dry the fresh juice. This takes the phytochemical content including enzymes out of solution, so the
enzymatic reactions cannot occur while in the dried state. The advantage of freeze-dried juice over freeze-
dried berries is the relatively greater ease of dissolution of the dried juice into water or other solution
compared to the dried and powdered whole berry. On the other hand, much of the beneficial nutrient
content of the berry is lost in the process of juicing, so if it is to then be freeze-dried it results in an
inferior quality, though more convenient, product.

Disadvantages to juice include the loss of fiber, but not only fiber. Many important
phytochemicals, including the anthocyanin pigments that function as potent antioxidants, are bound to the
fiber and lost with it. In the case of cranberry juice, the powerful triterpene component ursolic acid is lost
in the pomace, the fibrous berry residue left behind. Being a liquid form, juice is rapidly absorbed and
bioavailable, so it quickly raises blood levels of its absorbed components which are then more rapidly
excreted. This provides higher concentrations of phytochemicals in the urine. By comparison, when the
whole fruit or berry is consumed with its fiber, not only are all the phytochemicals available, but they
transit the intestinal tract for a longer period of time. This allows for more gradual absorption, with lower
blood levels that are maintained over a longer period of time, and lower urinary concentration. In

addition, the lining of the distal intestinal tract receives exposure to these phytochemicals as they travel
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further throught the digestive tract. So, the forms of berry preparations not only help determine the
contents, but also the effects of that content on different parts of the body.

Canned berries and juice

The disadvantage of canning berries lies in the fact that preservation by canning involves using
heat which is necessary to destroy microorgainisms that will cause spoilage and to block enzymes that
reduce the quality of the berries. Molds, yeast and bacteria are present on fresh fruit and will grow quite
rapidly under ordinary circumstances. This undesirable contamination can lead to deterioration and/or
fermentation that is slowed by refrigeration and can be prevented by freezing or dehydration. However, if
storage of the whole berries at room temperature is desirable, then these microbes need to be eliminated
by heat. The canning jars obviously need to be sterilized by boiling immediately prior to adding the
cooked berries. The heat also will degrade and inactive the proteinaceous enzymes that alter color, flavor
and texture of the berries over time.

Whether to use fresh or blanched berries will depend on the berry. Once the fresh (and the fresher
the better) firm berries are adequately rinsed of dirt and separated from extraneous matter such as plant
and/or insect fragments, they can be placed in the sterilized jars and covered with boiling water or
simmering juice extracted from cooked berries. Covering berries with their own juice instead of water
helps them to keep their color and flavor. Firmer berries, such as blueberries, huckleberries, gooseberries,
elderberries and currants, may first be placed in cheesecloth and dunked for 30 seconds of blanching in
boiling water before canning (hot pack); this will soften them somewhat. Blackberries and raspberries
should be placed in the jar raw (raw pack). (Strawberries are best frozen, not canned.) A hot syrup may be
used to can fresh berries or a sweetener added to the hot cooked berries/juice/water, if necessary for sour
berries like gooseberries.

To help prevent some immediate oxidative changes, crystalline ascorbic acid (vitamin C), citric
acid or lemon juice can be added to the canning water or juice. The jars are transferred to the canner
containing water that is hot (for fresh berries) or simmering (for blanched berries), and the water is
brought to a rolling boil for the appropriate time, usually 15 or 20 minutes for pints or quarts,
respectively. Jars are then carefully removed to cool, and as they do so the lids seal as the pressure inside
is reduced. (A 'pop' of the lid is heard.)

The berries can be stored in a cool, dry place for up to a year. However, those that don't seal, and
all when opened later to eat, need to be treated like fresh fruit and kept refrigerated. Specific canning
instructions are readily available for various berries and should be followed to ensure appropriate
procedures and enjoy success in making safe, nutritious, and delicious preparations. Canned berries are
good to add to smoothies, on cold or cooked cereal, in pancakes or muffins, on yogurt or vanilla ice

cream, or as a stand-alone snack or dessert.
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Though glass jars are preferable for their inert quality of not interacting chemically with the
berries, commercially canned berries are usually available in cans. These may be plasti-coated with
bisphenol A to reduce chemical reactivity, but denting or a raised temperature increases the risk of
leaching plastic or metal compounds into solution. Once opened, it is better to transfer berries bought in
cans into another sealed container, preferably glass. In buying commercially canned fruit, aside from
losing the control over choosing good quality berries for oneself, the label should be checked for
undesirable additives and sweeteners, such as high fructose corn syrup.

Pure, unadulterated juice can likewise be home-canned by crushing food-quality berries and then
simmering them over low heat. The pulp can be separated from the juice by allowing the juice to drip (not
pressing with force) through cheesecloth in a colander while hot. The juice should be simmering hot when
canned in sterilized (hot) glass jars.

Dried berries

Following the path of diminishing returns, after canned berries the next most preferable form is
likely the air-dried berries. Though they contain the fiber lost in juices, beneficial phytochemicals can be
greatly reduced, including total polyphenols based on dry weight, in addition to having lost the water
from the fresh berry. The value of this water is not to be underestimated, as it is an inherent part of the
living cellular matrix of the berry and maintains most of this complexity even after juicing. The water
itself may provide a unique fingerprint of berry that is causing those in advanced research on the subject
to marvel. However, that is a subject for a book of its own.

Drying is the oldest means of preserving berries. While this allowed them to be consumed later,
often in other foods as flavoring and sweetening agent, the enzymatic conversions that occurred during
the loss of the water over days time resulted in altered and diminished nutrient value. As the water loss
occurs from the cells, cellular functions diminish and then cease, though the cell walls remain intact.
Compounds are then bound together and to the structural fiber, making the digestion process to release
these nutrients more difficult to accomplish, and thereby diminishing bioavailability.

Berries should be rinsed with cold water before drying; only solid intact berries should be used.
They are placed on a tray in a single layer with space between berries. Drying techniques using an oven
(with the door open a crack) or home food dehydrator will depend upon the nature of the berry. Since the
berry skin, or cuticle, prevents water loss, solid berries may be sliced or punctured. Cranberries can be cut
in half and will dry in 10-14 hours at about 55-60°F (130-140°C). Whole (unsliced) cranberries or
blueberries will take about 24 hours at these temperatures, depending on the size. Higher temperatures
reduce the time required but also the berry quality. Another way to reduce the time with whole cranberries
or blueberries is to initially place them in a strainer in boiling water for 30-60 seconds, then doused in

cold water to rapidly cool and cause the skin to crack, given moisture avenues of escape under the low
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heat of the oven or dehydrator. Results may be uneven. Raspberries can be dried whole if placed open-
side down on a mesh drying screen, since the hollowness reduces the fleshy thickness. Solid segmented
berries like blackberries need to be mashed and dried on a solid sheet.

Partial reconstitution of dried whole berries can be achieved by soaking them in water, but this
does not reproduce the living fresh fruit with its matrix of soluble compounds. It is more similar to an
extract of some of the berry components in solution within the membranes and cells of the berry "corpse",
along with making the flavor and nutrients more readily available. The differences between a fresh grape
and a soaked raisin remain manifold, even if soaking makes the raisin look more like a grape. Some
berries rehydrate better than others. While Vaccinium speces like blueberries can regain some of their
desirable plumpness, most Rubus species such as blackberries are too seedy to be enjoyed alone whether
dried or rehydrated.

Commercially bottled berry juice

Actual pure juice sold commercially is often described as "fresh" juice, meaning that is was
bottled when fresh, whereas most commercial "100%" juice is a juice concentrate (partially dehydrated)
that has been reconstituted with filtered (tap) water. Sometimes, these reconstituted drinks are called pure
juice, when they would be more accurately described as berry-flavored tap water or juice drinks.

Juice sold in brown glass bottles is much to be preferred over that sold in clear glass, due to
chemical conversions from light exposure. Glass bottles are more preferable than plastic bottles or
(plastic-coated) cans, since glass is inert and will not chemically interact with the juice. In contrast, plastic
can release compound into the juice, particularly when the juice and container are not refrigerated and
especially when they are exposed to heat. Juice sold in cans likewise can react with the inside plastic-
coating, or with a metal can when there is no plastic-coating. Since berries and their juice have an acid
pH, the potential for interaction with an uncoated metal can is increased.

Juice sold in treated-paper cartons has the advantage of being opaque and blocking light, but
again should be kept refrigerated to avoid heat-caused release of chemicals into the juice. In this regard,
frozen juice concentrates sold in paper-based cylindrical cartons has the advantage of being kept frozen in
opaque containers until the "juice" is consumed shortly after it is prepared, rather than sitting for
extensive periods on store shelves. Always check the label for ingredients in any so-called juice or juice
concentrate to be certain that there are no unfavorable additives. Commercial "juice cocktails", "juice
drinks", and frozen juice drink concentrates are quite far from pure juice or simple water plus berry/fruit
concentrates, since they are often diluted and have other additives, such as artificial coloring agents and
sweeteners. These commercially sweetened juice drinks should be avoided, especially in large quantities

and by children.
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The disadvantages of commercial juice include those of fresh juice, that is, loss of fiber and
nutrients bound to the fiber, along with some enzymatic chemical conversions inherent in the juicing
process of mixing liquids from different cellular compartments in the berries. In addition, bottled or
canned berry juices have been heated. This will block further enzymatic degradation, but the heating itself
can degrade some nutrients and flavoring phytochemicals. The advantage of canned berry juice over
canned berries is the reduction in bulk, but the loss of bulk is from the lost fiber and nutrients.

Another advantage of juice is that it can be consumed through a straw or otherwise drunk, which
is appealing in certain situations, such as while travelling, and some physical conditions, including sore
mouth, teeth, or throat. A problem inherent in juice-drinking is the overconsumption of sugar present in
most fruit juice, in conjunction with its rapid absorption due to lack of fiber. One way to help avoid this
tendency is by diluting bottled juice with sparkling water to produce a bubbly mixture that makes a
suitable substitute for soda drinks, especially with children.

Berry extracts

Unlike the other forms, the use of berries extracts for home consumption is not very common.
Extracts are made by using a solvent to selectively withdraw certain soluble components from berries.
The type of solvent used will determine which compounds are extracted, depending on their solubility.
For instance, using a small amount of water to extract chopped dried berries by simmering, and then
filtering out the pulp through cheesecloth, will remove the water-soluble constituents including sugars,
anthocyanins, and associated compounds, suitable as a flavoring base. As such, an extract always contains
only a part of the whole berry.

Soaking mashed berries in ethanol can extract some compounds not be removed in large amounts
by water. The extract thus obtained can then be further extracted with a different solvent and separated to
obtain a fraction that further concentrates particular components. This is repeated with other solvents for
subfractions. The extraction process to obtain subfractions is often used in laboratory experiments to help
identify the component(s) that has/have a particular activity. This more concentrated preparation can then
be used in smaller doses that retain the desired bioactivity of these components. [Carried further, one
isolated component can be purified for very a specific application. At the point of isolation of a single
chemical, the complexity of a plant food product has been lost. When a pure substance is obtained, it is
often destined for further pharmaceutical manipulation and/or synthesis, rather than being acquired for
use through extraction.]

The American berries for which commercial extracts are most commonly found are the cranberry
and chokeberry, since they are not commonly consumed as fresh berries due to sourness and astringency.
The type of solvent used is determined by which components are most desired in the extract and what

solvent is most efficient (and/or least expensive) for extracting them. Solid extracts featuring compounds
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that are not water soluble usually use organic solvents such as acetone or methanol that are toxic for
human consumption. These solvents must be removed after making a liquid extract with them, resulting
in a concentrated dry extract. In attempting to increase the ease of consumption and to reduce the quantity
of consumption of berries or juice necessary for effectiveness, dry concentrated extracts are available in
capsular form. Dry extracts are likely to be used for medicinal purposes and so are often standardized to
contain a designated amount of specific constituents. It is important to note, however, that by
concentrating certain compounds, other components with different beneficial activities will be lost in the
process.

Berry wines

When an abundance of fresh berries is available, different means of home preserving are often
utilized to provide a variety of consumable forms, based on culinary preferences and/or the ease of
processing. In the case of berry wines, producing a fermented beverage that is both inebriating and
nutritious is an enticing incentive to utilize this method, though it is more demanding than simply canning
the fruit or juice. The berries used should be of good quality without bruises or mold. While wine-making
kits are widely available for purchase, a general description of the process is given below.

Typically, home wine-making instructions describe procedures appropriate for 5 gallons (19-L)
of wine production. This usually requires about 15 pounds of berries (fresh or frozen), but the appropriate
amount depends on the berry and on individual preference for a strong- or light-flavored wine. Equipment
should be sanitized by swishing or dousing with a stock solution of 4 teaspoons of potassium
(meta)bisulfite mixed in 1/2 gallon of water (and saved for re-use). After crushing the berries with
instruments that can be as simple as a 2 by 4 and a pail, sugar is added to the mix. The amount of alcohol
produced depends on the amount of sugar available for fermentation, and even ripe berries are not very
high in sugar. About 9 pounds of cane sugar is mixed in enough hot water to total 6 gallons when added
to the mashed berries; after cooling, the sugar water is added to the mashed berries. To this is added 1/4
teaspoon potassium bisulfite, and the mixture is allowed to sit for a couple of days to eliminate wild yeast
and bacteria. Then, a couple of grams of a tartaric, malic, and citric acid blend is added, the amount
depending on the desired tartness. A little pectic enzyme should also be added according to label
directions to help break down the pulp for greater clarity, and packaged wine yeast is stirred in for
fermentation to occur in a temperature range between 65-75 °F (18-24 °C). This mixture is called
"must".

The must is allowed to ferment for 5-7 days, stirring the pulp into the solution twice daily. The
wine is then siphoned off into a 5-gallon glass carboy, leaving the berry pulp behind. The wine ferments
another 10-15 days in the carboy until the bubbling nearly stops. The transfer of wine by siphoning from

one container to another, called racking, is done every time the sediment at the bottom reaches 3/4 of an

105



Appendix

inch, to reduce off-flavors and cloudiness; aeration should be avoided during this process. After the third
racking the fermentation can be nearly complete, and the wine begins to clear. Another 1/4 teaspoon of
potassium bisulfite is added along with cane sugar water to sweeten to taste, if necessary or preferred. If
this sugar water is used, then 2 1/2 teaspoons of potassium sorbate is also added to prevent further
fermentation. This mixture is allowed to age for about 3 months in a cooler place, avoiding exposure to
sunlight and oxygen. Before bottling, the bottles and corks are sterilized by rinsing with the strong stock
potassium bisulfite solution. The bottles should be stored in a cool location around 45-50 °F (7-13 °C).

Commercial sources of berry wines are becoming more widely available. As with juice, wine
should be consumed in moderate amounts, from 4-12 ounce daily depending on size, age, and gender, and
those on medication should be aware of potential interactions. Similar to juice, it is beneficial to extend
consumption by diluting the wine with sparling water according to taste, as a more nutritious alternative
to wine coolers. For some strong-flavored homemade berry wines, diluting (and/or sweetening) may help
enhance the flavor. In the case of wine, the alcohol content (around 11-12%) has replaced most of the
sugar in the solution (except for what is added at the end). Whether a berry liquid contains sugar and/or
alcohol, large amounts of these simple carbohydrates can have a detrimental impact in the short term and
destructive effects in the long term if consumed daily. The way to optimize the nutritional value of berries
is to ingest the whole fruit with its full nutrient matrix and fiber, preferably fresh or after being frozen but
even when canned, as compared to only consuming the juice or wine.

Berry preserves or jams

Firmer berries may be made into preserves, in which the intact fruit is suspended in a jelled syrup.
Whether fresh or frozen, blueberries and blackberries, and especially softer berries like raspberries and
strawberries, are usually crushed in sugar and made with into jams. The amount of sweetener depends on
the type of berry used. White grape juice with stevia extract, juice concentrate, or honey can be used in
place of granulated sugar; however, in these cases commercial universal (no-sugar) pectin should then be
used. Some form of sweetener is needed to obtain the desirable gel-set and flavor. Specific recipes should
be followed for each kind of berry and sweetener.

Both preserves and jams are jelled by using pectin, a soluble fiber found naturally in fruit, along
with citric acid or lemon juice. Both preparations are canned in a manner similar to whole canned berries,
though the filled cup-sized jars are boiled for only about 5 minutes in the canner. While both forms
preserve the full content of cooked berries in a base of fruit fiber, the added sugar reduces the amount that
should be consumed at any one time. Therefore, these forms only serve as condiments, not side dishes. In
other words, they are consumed primarily for flavor, rather than for nutritional benefits. Jams and
preserves are typically eaten with butter on plain or toasted bread or on pancakes or waffles. Small

amounts can also be mixed with plain yogurt.
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Berry jellies or syrups

A jelly is made using clear juice and sugar with added pectin. Jellies are more firm than jams and
do not contain fiber from the berries. Otherwise, they are prepared in much the same way as jams. Like
jams and preserves, they are intended as condiments for adding flavor on bread, or even in tea, though
they contain even less nutrients than the corresponding jams. Traditional use of parafin to seal the top of a
jelly jar is no longer considered appropriate by those concerned with optimal preservation technique.

Juice from berries also function as a flavor for syrups. Blueberries, blackberries, raspberries, and
strawberries are common sources of juices used in syrups. Syrups lack the pectin used in jellies that
render jellies semisolid, so rather than being spread the syrups can be readily poured, whether over warm
foods like pancakes and waffles or on cold desserts like ice cream. In either case, a syrup's flavor is used
to enhance the food to which it is added, so it is also a condiment to be consumed in only small quantities
due to its high sugar content.

Ordinary berry syrup begins with an equal number of cups of berries and sugar; low-sugar syrup
uses a sugar content of about 3/4 the volume of berries, whereas a no-sugar syrup can use Stevia extract
of around 1/4 the volume of berries. To begin, berries are crushed and cooked at full boil for 5-10 minutes
with about 1 Tbs of lemon juice per 3 cups of berries. These cooked berries are strained through a
collander or screen into a large saucepan; if a clear juice is desired, straining through cheesecloth or a
jelly bag is preferable. The sugar is added to the filtered juice, brought to a boil, and simmered for one

minute. Syrups can then be canned in jars like jellies or jams.
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Abbreviations

ABTS 2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulphonic acid

ACE angiotensin [-converting enzyme

ADP adenosine diphosphate

ALT alanine transaminase

AST aspartate transaminase

BHA  butylated hydroxyanisole

BHT  butylated hydroxytoluene

BUN  blood urea nitrogen

CAA cellular antioxidant activity

CEACAM1 carcinoembryonic antigen-related
cell adhesion molecule 1

CHD  coronary heart disease

CRP C-reactive protein

CVD cardiovascular disease

COoX cyclooxygenase

CYP cytochrome P450

DNA  deoxyribonucleic acid

DPPH 2,2-diphenyl-1-picrylhydrazyl

dw dry weight

EGCG epigallocatechin gallate

ER estrogen receptor

ERK extracellular receptor kinase

FRAP ferric reducing ability of plasma

fw fresh weight

GAE  gallic acid equivalents

GGT gamma-glutamyl transferase

GI gastrointestinal

GST glutathione S-transferase

HDL  high-density lipoprotein

HER2 human epidermal growth factor receptor 2

HR hazard risk

HPFS/HPFUS Health Professionals Follow-up Study

ICso half maximal inhibitory concentration

ICAM-1 intercellular adhesion molecule-1

IGF-1 insulin-like growth factor-1

IL interleukin

iNOS  inducible nitric oxide synthase

INRs international normalized ratio

JNK c-Jun N-terminal kinase

LDL low-density lipoprotein

L-NAME L-NG-nitroarginine methyl ester

LOH  loss of heterozygosity

LOX lipoxygenase

LT leucotrienes

MAPK mitogen-activated protein kinase

MDA  malondialdehyde

MI myocardial infarction

MMPs matrix metalloproteinases

mRNA messenger ribonucleic acid

MRSA methycillin-resistant Staphylococcus
aureus

NDEA N-nitrosodiethylamine



Abbreviations

NF-kB nuclear factor-kappa B

NHSI first Nurses Health Study (1984-2008)

NHSII 2nd Nurses Health Study (1991-2007)

NMBA N-nitrosomethylbenzylamine

NO nitric oxide

NOS nitric oxide synthase

NQO1 NAD(P)H:quinone oxidoreductase-1

NSAID nonsteroidal anti-inflammatory drug

ODC  ornithine decarboxylase

OmG  Os-methylguanine

ORAC oxygen radical absorbance capacity

PACs proanthocyanidins

PD degree of polymerization

PG prostaglandins

ppm  parts per million

PR progesterone receptor

QR NAD(P)H:quinone reductase

RNA  ribonucleic acid

ROS reactive oxygen species

SBP systolic blood pressure

SDH sorbitol dehydrogenase

SGOT  serum glutamic-oxaloacetic transaminase

SGPT  serum glutamic-pyruvic transaminase

SPE solid phase extracts

TAE tannic acid equivalents

TBARS thiobarbituric acid reactive substances

TEAC Trolox equivalent antioxidant capacity

TNF-a tumor necrosis factor-alpha

TPA tumor promoter phorbol 12-myristate
13-acetate

UGT  UDP-glucuronosyltransferase

UTIs  urinary tract infections

UVB  ultraviolet-B

VCAM-1 vascular cell adhesion molecule-1

VEGF  vascular endothelial growth factor

VLDL very low-density lipoprotein
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Praises for All American Berries

"Too often we assume that to ensure optimum health we must turn to pills, powders, and extracts. Yet
food can, and should often, be our first medicine. I am therefore delighted by this new book by Francis
Brinker which gives us the evidence we need to make eating “full spectrum” a priority. And nowhere do
we find the array of nutrients that nourish, detoxify, and support our health in a more delicious and
accessible package — berries! Whether you are a pharmacist, physician, or natural product’s
manufacturer, consumer, farmer, or botanist, I highly recommend this deep dive into the world of nature’s
finest food."

Aviva Romm, herbalist, M.D.

Yale School of Medicine

Author, Botanical Medicine for Women'’s Health
Co-author, Botanical Safety Handbook

"All American Berries will become a highly regarded reference text to health care practitioners and whole
food researchers alike. Francis Brinker, ND has again taken great care in describing in detail the available
research on both animal and humans for common American berries such as the blueberry,

cranberry, and black raspberry. I care for many children with pulmonary disorders due to chronic
inflammation such as asthma. This authoritative and comprehensive botanical resource will help

guide my clinical care for such children."

John D. Mark, M.D.

Clinical Professor of Pediatrics,

Pediatric Pulmonary and Integrative Medicine
Stanford University School of Medicine

"The book All American Berries is another reason that Dr. Brinker is the voice of the Naturopathic herbal
movement. Dr. Brinker details how North American berries are not only tasty but highly useful as
medicine. The local berries are not to be overlooked for more exotic foreign fruit. A powerful book about
the great American berries."

Glen Nagel, N.D.
Assistant Professor of Botanical Medicine,
National College of Natural Medicine

“Finally—a book that addresses one of the most important foods in our diet: berries. Dr. Brinker has
written a readable, evidence-based guide for health professionals and anyone interested in learning more
about the benefits of these amazing fruits.”

Randy Horwitz, M.D., Ph.D.
Medical Director,
University of Arizona Center for Integrative Medicine
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"All American Berries is beautifully written, accessible and compelling. It is filled with hundred’s of
research articles with concise, useful summaries. Dr. Brinker’s blend of botany, pharmacognosy and
naturopathic principles make this an essential text. The appendix is full of mouth watering ways to
consume a daily dose of berries. Berries are medicine!"

Louise N. Edwards, N.D., L. Ac.

Lecturer, Clinical Science, National University of Health Sciences
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"At the center of aging and many disease processes is inflammation and oxidation. Because of this,
regular consumption of antioxidants is key to maintaining a long and vital life. In A/l American Berries,
Dr. Brinker brings together the scientific evidence underscoring the health-promoting benefits of
antioxidant-rich berries that are native to North America and are often overlooked as nutritional and
botanical superstars for promoting health and longevity."

Roy Upton, R.H., Dip.Ayu.
Executive Director, American Herbal Pharmacopoeia

"I didn’t have any idea berries could be so interesting until I read what Dr. Brinker had to say about them!
In this concise little book lies a wealth of information, copiously referenced, about the wide-ranging
health benefits of berries, mainly blueberries, cranberries & black chokeberries, accompanied by the
science behind why they are useful in so many health conditions from urinary tract infections to metabolic
syndrome, cardiovascular disease to cancer. Dr. Brinker not only provides the health benefits of each type
of berry, but identifies the constituents responsible for its tremendous healing and/or disease protective
properties. Comparisons of different berry types show the health potentiating properties between them.
There is even an appendix that reveals the advantages and limitations of different forms of storage and
preparation. Reading it made me want to include different berries in their various forms at every meal to
get all the health benefits they provide. Everyone interested in natural health needs a copy on their
bookshelf for frequent reading and referencing."

James L. Wilson, D.C., N.D., Ph.D. in human nutrition
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foods as nutritionally powerful as berries. This text continues Dr. Brinker's tradition of combining the art
with the science to empower us to improve the health of those we serve through one of nature’s super
foods. I highly recommend it."

David Rakel, M.D.

Founder and Director, University of Wisconsin Integrative Medicine Program
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University of Wisconsin School of Medicine and Public Health
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Addendum

Mention was made in Section II under “American berries as traditional food and
remedies” of the mid-20™ century naturopathic tradition in this regard, focusing on just a few
species. The founder of naturopathy in America, Dr. Benedict Lust of New York, undoubtedly
influenced his nephew, Dr. John Lust, in writing The Herb Book (1975) in which he described
American red raspberry fruit as mildly laxative and the berry juice as a refrigerant beverage for
fevers. He advocated fresh berry juices to enhance general well-being. Also, the Naturopathic
Dispensatory (1953) compiled by naturopathic doctors addressed flavonoid glycosides in general
as "vitamin P", acting as synergists with vitamin C for preserving the integrity of vascular walls.
Elderberries were listed as one source. These books focused on plants as botanical medicine.

A second American father of natural therapeutics, which he called nature cure, was Dr.
Henry Lindlahr of Chicago. His son and heir to carrying on his father’s work, Dr. Victor
Lindlahr, wrote several books including one with the famous title, You Are What You Eat (1940).
Mention of his popular motto was made on the back cover of the A/l American Berries book, but
his book is deserving of more attention. Victor Lindlahr placed an emphasis on the vitamin and
mineral content of foods, factors that were beginning to be recognized as keys to help prevent
health conditions associated with deficiencies. In this regard he specifically documented food
content of vitamins A, B (thiamin), C and “G” (riboflavin, now vitamin B>) along with calcium,
phosphorus, and iron, in a wide variety of fruits and vegetables. Included among these were
blackberries, blueberries, cranberries and raspberries, as well as currants, strawberries, grapes
and cherries. These were mostly described as good sources of vitamins A, C, and B1. He also
noted carbohydrate, protein, fat, and calorie content of fruits and vegetables. In a few cases he
identified particular berries that may be helpful in certain conditions, such as consuming
blackberries for dysentery and digestive complaints, utilizing the “neomyrtillin” content of
blueberries in diabetes, and taking cranberries as an aid to digestion.

The modern approach of emphasizing specific components that Victor Lindlahr utilized
in his book is a view of food that has largely dominated nutritional understanding in the decades
since then, even to this day. By identifying a variety of recently discovered essential vitamins
and trace minerals that necessitate consumption to avoid deficiency symptoms, medicine
perceived nutritional requirements as limited to specific compounds and categories. Prescribing
and supplementing to prevent such deficiencies, counting calories, adjusting protein, or avoiding
fats and/or carbohydrates became standard medical practice. There are obvious advantages to be
gained by these approaches, as well as disadvantages of overconsuming particular isolated
vitamins or minerals, but limiting the vision of nutrition to these elements misses the added
advantage of consuming whole foods in their complexities. Fortunately, Victor Lindlahr did not
restrict himself to this narrow view of the value of plants as food, but also adhered to the
Hippocratic maxim, “Let food be your medicine, and medicine be your food.” The recently
recognized treasure of phytochemical complexities and the metabolic effects of multiple
“nonessential” polyphenolic compounds on critical functions for prevention of chronic diseases
is a new frontier in nutrition, utilizing these vital contributors for optimal health.

Francis Brinker, N.D.
July 27, 2026
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