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ABSTRACT ARTICLE HISTORY

In millennia, berries have captured great attention owing to their broad Received 27 December 2021
spectrum of functional as well as therapeutic activities, which is due to Revised 14 June 2022
presence of their bioactive compounds. All edible forms of berries show Accepted 25 June 2022
important nutritional properties leading to their therapeutic potential and KEYWORDS

are considered as safe functional foods. Recently, various researches for Berries: Functional Foods;
further exploration of berries concerning nutritional and bioactive profiles Nutritional properties;

as well as potential health benefits are on the way. This review highlights the Anthocyanin; Health benefits
latest research on bioactive compounds of all edible forms of berries and

their related nutritional activities in humans and animals against different

diseases. The current article revealed that berries have an array of bioactive

moieties including phenolics, anthocyanins and ellagitannins with strong

antioxidant potential contributing to their anti-cancer, anti-diabetic, anti-

inflammatory and cardio-protective roles. The demand and consumption

trend is increasing day by day, due to their therapeutic effects as mentioned

above. C-1: English and clarity of this paper must be checked by an expert,

otherwise | will asked for professional editing

Introduction

Berries are small fleshy, commercially cultivated fruits, which are present in many fresh and processed
forms such as strawberry, blueberry, blackberry, cranberry, black raspberry and red raspberry.!*?
Among these commonly consumed forms of berries, the strawberry is considered as most important
fruit. Strawberry (Fragaria ananassa), which belongs to Ericaceae family, is a spherical-shaped dark
red and tasty fruit that is a native Mediterranean specie and cultivated in other regions of Eastern
Europe as well.’) These fruits are mostly consumed in processed forms such as alcoholic beverages,
jams, jellies and marmalades and are rarely eaten in fresh forms.**! As a rich source of phenolic
compounds (most importantly anthocyanin), vitamin E, vitamin C and carotenoids, these are used as
antiseptics, laxatives and diuretics in folk medicine and in the treatment of hypertension and
diabetes.!*™®!

Another widely cultivated forms of berries are blueberry (Vaccinium corymbosum), which belongs
to the family of Ericaceae and has almost 450 species, which are native to North America and
Europe.'”"! Just like other soft fruits, blueberries also have a single epidermis layer which provides
a protective sheet against external factors such as desiccation, infections by pathogenic bacteria and
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insects and weather conditions and also controls the water uptake and chemical substances into fruit.
This positive role of epicuticular layer increases the economic value of blueberry. Like other berries,
blueberry is also acted as important health-promoting food because of its array of bioactive com-
pounds such as anthocyanins, flavonoids, phenolic acids and tannins and is used in the treatment of
cancer, diabetes, cardiovascular and neurodegenerative diseases.!>'?~*"!

As far as blackberries (Rubus spp.) are concerned, these also belong to the family of Ericaceae and
are native to North America, Europe, Asia, South America, Africa and Oceania Central America. This
berry is considered an aggregate fruit and weight of this berry vary from 3 to 12 gram.!'®'®
Blackberries can be consumed in fresh and processed forms such as dietary supplements, ice cream,
marmalade, jam and other confectionaries.!'” Moreover, it is a rich source of anthocyanins and
ellagitannins and other important phenolic compounds which increase its antioxidant activity and
make it more prone to many diseases such as mouth and eye infections, obesity, coronary heart
disease, degenerative conditions and many types cancer.!'>%°~2?]

Cranberry (Vaccinium macrocarpon), which belongs to the family of Ericaceae, is a smaller and
healthier fruit that is native to North America and Europe. This fruit contributes to the color, flavor,
nutritional value and functionality of products. It is consumed in fresh and processed forms such as
juice cocktails. Like other soft fruits and berries, it also contains anthocyanins, flavones, tannins
(ellagitannins and proanthocyanidins) and phenolic derivatives,** which are associated with impor-
tant health benefits against several diseases such as cancer, inflammation, cardiovascular diseases and
many age-related disorders and contributes to the fruit’s organoleptic qualities.!**~2°!

Chemical composition

The chemical composition of berries depends on various factors such as varieties, ripening stage,
growing, harvest and storage conditions.'””’Among different forms of berries, strawberry is considered
an important fruit owing to its nutritional value. It is a rich source of vitamins C, folates and many
phenolic compounds.[zg’3 2 Blueberry contains water (84%), carbohydrates (9.7%), proteins (0.6%), fat
(0.4%), dietary fiber (3-3.5% of fruit weight) and vitamin C (10 mg/100 g fruit). Moreover, the cell wall
of blueberry contains alcohol-insoluble solids (3.4 g in 100 g of immature blueberries and 2.4 gin 100 g
of ripe blueberries), lignin (27% of alcohol-insoluble solids), cellulose (16% of alcohol-insoluble solids)
and neutral non-cellulosic polysaccharides.!**

Furthermore, blackberries contain several essential vitamins and minerals, carbohydrates, sugars
(glucose, fructose, sucrose), organic acids (malic acid, citric acid, isocitric acid, shikimic acids, fumaric
acid, succinic acid, ascorbic acid), anthocyanins and phenolic acids.!****! As far as the quantity of these
components is concerned, blackberry contains about 3.2 to 4.88 and 0.81 to 1.17 g/100 g of fresh
weight (1[3\/\]/) glucose to fructose, 0.24 g/100 g FW sucrose content. These contents vary with
cultivars.”*

Bioactive compounds

Berries have captured greater attention owing to the presence of a broad spectrum of bioactive
compounds such as polyphenols (anthocyanins, phenolic acids, tannins and carotenoids./**~**
Among these berries, strawberries are well known for the presence of many nutritive (sugars, vitamins
and minerals) and non-nutritive compounds and bioactive compounds such as polyphenols like
phenolic compounds, flavonoids, anthocyanins, flavones, ellagitannins and derivatives of hydroxycin-
namic acid.”**!) These compounds are of greater interest due to their antioxidant properties and
synergistic effect on human health promotion and prevention of diseases. The bioavailability of these
compounds in blood is low (i.e. anthocyanins 1-3%). Similarly, blueberries have higher levels of
anthocyanins and phenolics. Their level is different in different fruits and depends upon various



1716 H. BADER UL AIN ET AL.

factors such as genetics, growing location, degree of maturation and cultivar type.”®! Owing to the
presence of these compounds, blueberries are used for the treatment of biliary disorders, coughs,
diabetes, visual disorders and tuberculosis.”**~*

Likewise, blackberries have large contents of anthocyanins and phenolic compounds such as
flavones and ellagitannins. The content of these compounds is affected by various factors such as
genetics, maturation and growing conditions. Owing to the presence of these functional ingredients,
blackberries possess high antioxidant capacity and other biological activities. They have anti-obesity,
antidiabetic, antimicrobial, neurodegenerative and anti-inflammatory effects.**! Likely, cranberries
have gained greater interest due to the high concentration of anthocyanins (galactosides, arabinosides
of cyanidin and peonidin), flavone’s, tannins (ellagitannins and proanthocyanidins), flavan-3-ols and
phenolic acid derivatives.** Some anthocyanins are present in a negligible amount in cranberries
such as cyanidin 3-O-glucoside, delphinidin 3-O-arabinoside, delphinidin 3-O-galactoside, peonidin
3-0-glucoside and delphinidin 3-O-glucoside.*"!

Polyphenols

A wide number of phytochemicals like procyanidins, ellagitannins and anthocyanins and nutrients are
present in strawberries which are absorbed and metabolized in the body to form different phenolic
conjugates and metabolites within the body to reduce the risk of diseases. Structures of different
polyphenol classes are shown in Figure 1 and Figure 2. A wide investigation described that red color of
strawberry flash is because of phenols and the dominant compounds are pelargonidin with
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Figure 1. Structures of hydroxycinnamic and hydroxybenzoic acids.
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Figure 2. Structures of different flavonoid.

pelargonidin-3-glucoside and Cyanidin.'*>~**) While the main flavonols are glucuronides and gluco-
sides of kaempferol and quercetin.”® Along with the identification of caffeic acid and glucosides,
p-coumaroylglucoside, a primary cinnamic acid derivative is also described.

The main source of ellagic acid is blackberries and raspberries along with strawberries in human
diet.!”!! There is variation regarding its content composition of it like, it is ellagic acid strictly, while
from other reports it is ellagic acid with ellagic acid glycosides and ellagitannins. Glucose esterified
named Ellagitannins are found in strawberries, which are cored with hexahydroxydiphenic acid, and
one is reported as casuarictin (HHDP).®?! Moreover, the leaves of strawberries have dimer sanguiin
H-6along with its two monomers named potentillin and casuarictin, as well as pedunculagin. The
functions performed by phenolics components of Strawberry are protection and repair of DNA
damage, detoxification of free radicals and their propagation and the modulation of genetic metabolic
expressions.

Noticing the health importance of phytochemical content of blueberries, the leading content is
anthocyanins in the field of research and is considered responsible for health benefits. The polyphenols
of Blackberries are including ellagitannins (ETs), flavonols, anthocyanins, flavan-3-ols, and procya-
nidins. Phenolic acids are found at high levels while lignans are at low levels. The phenolic range is
from 114 to 1056 mg/100FW. Anthocyanins are the main cyanidin derivatives which are rutinose,
xylose, and glucose attached at C3.°%

Cranberry also consists of phenolic contents like hydroxycinnamic and hydroxybenzoic acids
and much lower contents of o-hydroxybenzoic acids, 2,4-dihydroxybenzoic, p-hydroxybenzoic. The
main contents of hydroxycinnamic acids present in cranberry are sinapic, p-coumaric, ferulic acids
and caffeic acid. Of course, there is no specification of these phenolic acids with cranberries. It is
difficult to compare the phenolic components of cranberries with other berry fruit. Mainly in
abundance, flavonols are found in glycosides of quercetin, myricetin, and kaempferol. Quercetin
3-galactoside present in lesser extent. The leading active terpenes in cranberry need more attention.
In American cranberry, Ursolic acid is abundant at 46-109 mg/100 g FW.

[54,55]
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Anthocyanin

A major group of flavonoids named Anthocyanins is water-soluble pigment ranging from red-blue in
seeds, fruits, plants, vegetal tissues and other flowers like strawberries (Fragaria ananassa)®>” acai
(Euterpeoleracea), elderberry,”®® chokeberry (Aroniamelanocarpa). Shortly, almost all angiosperms
species are found with anthocyanins. Their molecular structure is made up of an interlinked benzoic
ring to a non-benzoic ring with an oxygen atom while another benzoic ring is attached to those first
two by a carbon-carbon bond (C-C), naming this structure as 2-phenyl benzopyryliumcation or
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flavylium ion.”® More than 300 reported anthocyanidins'®’; while up to 8000 diverse options of
anthocyanins, like types of anthocyanidins and the glycosylated.!*"! Structures of different classes of
anthocyanins are shown in Figure 3.

Strawberries are consumed globally and are the main source of dietary anthocyanins. They consist
of many important antioxidants like phytochemicals, carotenoids, vitamin C and phenolic compounds
including pelargonidin-3-glucoside (Pel-glc) and anthocyanin.!®***! Quantitatively, anthocyanin is the
most important polyphenol compounds in strawberries.*"! Water-soluble phenolic compounds
include anthocyanins which are the main cause of many color range in fruits and juices like purple,
red and blue.!** Moreover, they are also linked with a wide range of medical health benefits along with
the reduced risk of cardiovascular diseases and coronary heart disease,’*"**! improved neuro
function,®®”) low risk of cancer,’?"*®! and safeguard activity of the brain tissue against hypoxic-
ischemic injury.!*>”°! Moreover, visionary improvement in memory,"”*! and control of weight gain too
that are attributed to anthocyanins.”?! High antioxidant activity of anthocyanin shown in many
in vitro cases regarding health benefits and also in vivo.l>”7"]

Blueberries consist of a broader range of anthocyanidins as compared to other barriers like
dominant in malvidin and petunidin, cyanidin, pelargonidin and delphinidin.”®””! In blueberries,
glycosidic forms also present named galactosides, arabinosides and glucosides with changes originat-
ing in at least some cultivars, while relative proportions vary widely with chances of complete absence
together. Various sugar residues like acetyl esters, primarily the p-coumaroyl on C-6 of the
blueberries.*®! Acylated species vary in different cultivars, with lower amounts hardly detected
through respective methods of Nicoue et al.”® and Scalzo et al. .””! Furthermore, blueberries are
a good source of antioxidants and are consumed increasing ex vivo serum antioxidant status.”*”%7? In
grapes juice, Anthocyanins reduced in vitro oxidation of human low-density lipoprotein (LDL).[*"!

Anthocyanins are in high quantity, in cranberry, play a role in the color of fruits and are associated
with derived foodstuft along with potential health effects on humans. A rare presence of glycosides in
American cranberry: such as petunidin, cyanidin, pelargonidin, delphinidin, peonidin, and malvidin.
With the ripening, cranberry anthocyanin content increases depending on the size of the fruit and
cultivar.”"*! In some other studies, it is said that there is only a report of total anthocyanin content
than the individual amounts of anthocyanins. There is a chance of variation in this approach seems to
affect the health properties and bioavailability of anthocyanins.!**!

Ellagitannins

Ellagitannins are distinctive aggregates of hexahydroxydiphenic and gallic acid in combination with
glucose, available with an extensive variety of chemical structures, for example, monomers (such as ellagic
acid glycosides), oligomers (such as sanguiin H-6, the common ellagitannins present in the strawberry)
and multiplex polymers. A combination of ellagitannins and gallotannins is known as hydrolyzable
tannins, and ellagic acid is produced as a result of hydrolysis, except ellagic acid other metabolites can
also be synthesized.® These hydrolyzable tannins are dissimilar to those of solitary ellagitannins such as
gallagic acid. Recently have been described ellagitannins combinations and substances as a constituent of
food products, although ellagitannins have regularly been distinguished as the dynamic principles in
restorative plants.’®* In Finland, an examination of 33 normally devoured food products was screened and
investigated for ellagitannin content by Koponen et al.®*/ About 21.7 to 83.2 mg/100 g (FW) of
ellagitannins contents were observed only in berries from the Rosaceae family that included raspberry,
sea buckthorn, strawberry and rose hip. Contrary to this extended from 0.7 to 4.3 mg/100 g (FW) were free
ellagic acids moieties that include non-tannin ellagic acid glycosides. While other studies reveal about 25 to
59 mg/100 g ellagitannins compounds were detected in fresh samples of strawberries. Regardless of these
studies, the ellagitannins compounds have been evaluated and distinguished by a few examinations.
Sanguiin H-6 is the main component of ellagitannins compounds present in strawberries and raspberries.
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Further researchers have also investigated the occurrence of galloyl-hexahydroxydiphenoyl-glucose that
was earlier found in genus Rubus of the flowering plant. This compound is a fundamental constituent of
various ellagitannins including lambertianin C and sanguiin H-6 be composed of commonly 2 and 3 U.1*?
More studies should be committed to this field because of its significance to human well-being. To
heal the basic health issues in both the developed and underdeveloped countries, these ellagitannins
which are the imperative class of phytochemicals and are enclosed in various fruits and edible plants
are prescribed by the conventional medicine of different cultural societies. Ellagitannins compounds
have acknowledged escalating consideration over the last few years because of their pharmaceutical
and biological significance. Researchers have investigated the various pharmacological activities of
ellagitannins compounds,'®*! and amongst these clinically significant activities, the anti-carcinogenic,
anti-proliferative and chemo-preventive activities are getting more consideration and importance.

Health claims

In recent era, berries have gained much attention owing to the presence of a broad spectrum of
phytochemicals mainly polyphenols which have the potential to combat multiple diseases such as
cancer, cardiovascular diseases, diabetes, obesity, metabolic syndromes and other degenerative dis-
orders. The potential of phytochemicals to fight against different disorders is attributed to their
antioxidant capacity. Health benefits of all edible forms of berries are shown in Table 1.
Pharmaceutical activities of strawberries include the prevention of cancer, cardiovascular diseases,
obesity, diabetes and oxidative stress. (2170977104 gome positive health effects attributable to phenolics
are anti-atherosclerotic, anti-inflammatory and anti-proliferative effects. These bioactive functions are
associated with many functional ingredients present in strawberries such as minerals, vitamins, and
polyphenols (mainly anthocyanin).!"®”! One more factor that contributes to their medicinal impor-
tance is the degree of transformation during digestion.

The literature revealed that the uptake of bioactive moieties in the gastrointestinal tract can be
affected and their chemical nature can be changed through specific gastrointestinal conditions,
enzymatic activity and local microbiota action.!””'%"1%) One most commonly consumed form of
berries is blueberry and it has a lot of health perspectives.!"'”) In earlier and recent in vitro, in-vivo and
clinical studies, it has been revealed that the blueberry is considered the most important edible form of
berries with an array of bioactive functions such as anti-carcinogenic, anti-allergic, anti-inflammatory,
anti-oxidant and anti-ulcer. These activities are associated with higher content of phenolics present in
blueberries such as flavonoids, anthocyanin, ellagitannins and proanthocyanidins. Blueberries per-
form their role as anticancer fruit by reducing DNA damage and cancer cell proliferation and
increasing apoptosis.'''!! Moreover, flavonoids present in blueberry play their role as anti-
inflammatory, anti-carcinogenic, anti-allergic, anti-ulcer, and protective against oxidant stress.!"'*!
Prevention of lipid and protein oxidation to improve the food quality through berry phenolics is on
trend these days owing to its antioxidant effect.!'*!

As far as the health perspectives of blackberries are concerned, it is revealed from the literature that
blackberry is in the third position after strawberry and black raspberry in terms of antioxidant activity.
This activity is associated with the higher content of acylated anthocyanins and cyanidin 3-glucoside
present in blackberries. In recent era, blackberries have gained a pronoun position in Ericaceae family
due to broad spectrum of health claims that are associated with the presence of various types of
phytochemical constituents such as polyphenols, anthocyanins, ellagic acid, salicylic acid, soluble dietary
fiber, insoluble dietary fiber, alkaloids, tannins, saponins, flavonoids, glycosides, terpenoids, sterols,
carbohydrates, ascorbic acid, organic acids and volatile oils.!"**""'*) The possible health benefits include
anticancer, antioxidant, antimicrobial, anti-diabetic, anti-inflammation and anti-ulcer effects.!'”!

Along with strawberry, blackberry and blueberry, the most form of berries are cranberries which
are considered healthy and nutritious owing to the presence of higher content of antioxidant phenolic
compounds which help to protect the body from damage caused by oxidative stress (induced by
reactive oxygen species) and support the natural antioxidant defense system. A long list of protective
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activities is associated with the consumption of cranberry that includes anti-atherosclerosis, anti-
cancer, anti-bacterial, and antioxidant activities, which are due to the high anthocyanin content in
cranberry. Cranberry also helps in protecting the body from urinary tract bacterial infections, gastric
mucosa infections and oral cavity infections.!®!

Antioxidant effect

A serious imbalance between the production of reactive oxygen species and their control results in
damage to the body, nucleic acid, cell membrane and other parts of the human body. Many serious
issues develop in the human body such as cancer, cardiovascular and other problems.!"'”! For
combating such issues, the trend of using antioxidant plants is increasing day by day like fruits,
vegetables and many important herbs as well. Various researchers have analyzed and extracted
numerous bioactive compounds related to antioxidant capacity in various sources through different
methods. In a study, Tulipani et al./® claimed that different bioactive compounds such as phenolic
compounds and vitamin C which are known as strong oxygen radical scavengers are gaining
importance owing to the antioxidant capacity of fruits. These results revealed that berries are at the
top position for their total phenolics and total antioxidant capacity."?*! The levels of total phenolics
and antioxidant capacity in berries are four times, ten times and forty times their levels in other fruits,
vegetables and cereals respectively.*!!

Among different forms of berries, strawberries are considered the most important berries owing to
their total antioxidant capacity that is associated with high content of anthocyanins. The total anti-
oxidant capacity of strawberries is two to eleven folds than the antioxidant capacity of grapes, peaches,
oranges, kiwifruit, apples, pears, or tomatoes.!"*!! Moreover, in fruits, different phytochemicals con-
tribute to the total antioxidant capacity in different proportions. For instance, in different strawberry
cultivars, 30% contribution was due to vitamin C and 25-40% contribution was owing to the antho-
cyanin and rest of the antioxidant capacity was related to flavonols and ellagic acid (EA) derivatives.'*

Blackberry is enriched with antioxidant characteristics due to the anthocyanin content that
varies along with environmental stress, genotype and other factors.!"?*! Studies on the direct and
indirect activities of reactive oxygen species revealed that fruits that are having anthocyanin have
a great role in the signaling pathways and regulation of multiple genes expression. Blackberry
juice has a high concentration of cyanidin-3-o-glucoside (C3G) is less than may also have a 5%
of the total soluble phenolics. Various types of extraction methods are employed for the
extraction of blueberry anthocyanin, the most important of which is ultrasound-assisted extrac-
tion (UAE), which is far famous because of time and solvent consumption with high tempera-
ture but it works with high contact of solvent and targeted compounds.''**! Oxygen radical
scavengers, such as vitamin C and phenolic compounds are closely related to the antioxidant
power of fruits.!'?"!

Besides blackberry, blueberry is also the most important form of edible berries of their
antioxidant potential against many complications and diseases.!'*”) The antioxidant potential
of blueberry is much higher than other fruits and juices.!'*®! The antioxidant potential of
blueberry is more in raw form but when they are dried; their activity is reduced to 66%./°*! In
recent era, many in-vivo and in-vitro studies have been done to probe the antioxidant activity of
blueberry extracts. In the study of Drozdz et al.,'*?) the comparative effect of antioxidant activity
of blueberry and lingonberry was evaluated and it was found that blueberry was more effective
against multiple oxidative stress-induced complications than lingonberry owing to the presence
of higher content of phytochemicals which exhibited higher antioxidant activity measured by
both assays comparison to lingonberry extracts.

As far as the antioxidant activity of cranberry is concerned, cranberry is important due to the
presence of functional ingredients associated with possible health concerns of cranberry and other
fruits. Among bioactive compounds, phenolic compounds with high antioxidant capacity are present
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in cranberry. This antioxidant potential of cranberry is associated with the treatment of many
complications such as diabetes, hypertension, atherosclerosis and all other diseases linked with
oxidative stress.!'®!

Anti-inflammatory effect

A prolonged pro-inflammatory condition is a prevailing factor in the growth, succession and obstacle
of ordinary sustained illnesses. This inflammatory condition can be neutralized by dietary antioxidants
which are considered a proficient instrument. Earlier studies revealed that a lot of studies have been
done that demonstrated a strong connection between various morphologies related to inflammation
and a diet that corresponds to excellent sources of indispensable vitamins, nutritional fibers and
valuable biological active ingredients especially effluents in vegetables and fruits.!"*>'*”'*8) Under
immense nutritious components present in fruits, strawberries are considered as most beneficial for
health subsistence such as fatty acids, fibers, vitamins and minerals, in addition to an extensive variety
of polyphenol compounds including lignans, flavonoids, tannins and phenolic acids.*>'"’

Recent studies revealed that the bioactivities of phenolic compounds present in strawberries are
extended to various other routes including cellular survival and cellular growth, even though they are
recognized primarily for their antioxidant and anti-inflammatory diseases.'®*! In cells treated with
lipopolysaccharide, research demonstrated that pre-treatment with strawberry decreases the apoptotic
rate, level of reactive intracellular oxygen species, enhanced mitochondria functionality and carcino-
genic defense. Incitement of the Nrf2 pathway and hindrance of NF-kB signaling pathway with
AMPK-dependent mechanism is responsible for these defensive biological activities of strawberry.
These research outcomes affirm the medicinal advancements of strawberries in inhibition of oxidative
stress situations in lipopolysaccharide-treated cells and also against the anti-inflammatory activity.!**”’

Phenolics separated from strawberries have also been determined for in vitro studies of anti-
inflammatory activity. For instance, the most favorable strawberry phenolic like fistein that showed
bioactivity against inflammatory diseases in several promising ways including by decreasing the pro-
inflammatory cytokines, in macrophages prepared with LPS nitric oxide synthesis, in humans and rats
phagocytes and suppressing the pro-inflammatory molecular pathway. These study results illustrated
the pharmaceutical potential of strawberries and their separated phenolic compounds toward anti-
inflammatory activity by the modulation of concerning molecular pathways and the regulation of the
proportion of the cellular pro-anti-inflammatory cytokine excretion. A lot of research has been
conducted on in vivo berry impacts against inflammatory diseases, though very less studies carried
out to study the inducing effects of strawberries in the inflammatory process and its phytology-related
processes.!''?)

A research survey was done in a mouse model of diet-induced obesity, reduction in C-reactive
protein (CRP), IL-6, and tumor necrosis factor alpha (TNF-a) as a consequence of routine utilization
of strawberries, had positive impacts in regulating numerous features of inflammation and upkeep of
blood glucose.”®! After strawberry utilization, exposure of 1.5 gamma radiations of 56 Fe particles was
done in decisive areas of the brain of rats, results indicated a decrease in inflammation and pro-oxidant
load through a decrease in ROS synthesis and reduction in inflammatory indicators including NF-B
and cyclooxygenase-2 (COX-2).l"*13% Neuroprotective activity of the phenolic compound fistein in
a stroke mouse model was detected as a result of inflammatory response and inhibition of intracerebral
resistant cell activation. Contrarily, when examined paw mice for inflammation activity induced by
carrageenan results indicated failing to exhibit the activity and enrichment in activation of MAPK.37
furthermore, for two months of consumption of strawberry on Wistar rats processed with LPS due to
cytokine gene expression in the liver, refurbish the plasma biomarkers of liver damage and also by
a reduction in nitric oxide synthesis, showed satisfactory anti-inflammatory activity.

Concurrently, prevention against protein and lipid oxidation was observed by the consumption of
strawberries, contrary to this improves the isolated liver mitochondria performance and enhanced
antioxidant enzyme reserve, combating actively against inflammation. Certainly, an intense and
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prolonged human crossover experimental model has been done to observe the effect of strawberry
utilization. Some experiments were carried out in corpulent persons providing refrigerated-dried
powder'*>1311 and others were executed on obese adults with exalted serum lipids and abdominal
adiposity has given strawberries in the form of milk-based liquor.!"*>~'**! Results illustrated that intake
of strawberries as a nutritional tool reduces fatness-related diseases and also wields satisfactory effects
on insulin sensitivity problems, oxidation of lipids, also on postprandial inflammatory reaction and
decreasing core roots of inflammation such as IL-6 and CRP.

Polyphenols such as anthocyanins are major constituents of blackberries.!"**! Pharmaceutical
activities of polyphenols are playing a vital role in human health-related issues. Hull blackberries
collected from Kentucky, their anthocyanin-rich extract examined and characterized for its composi-
tion, polymeric color and total antioxidant and anthocyanin activities. Experiments were carried out
on In vitro cell culture by considering the concentration-dependent procedure of about 49.2 g of total
anthocyanins/mL blackberry extract, results showed up to 66% inhibition toward HT-29 cell growth at
72 hours, and studies were done on HT-29 colon tumor cell growth. Similarly, in continuation of this
procedure, mouse bone marrow-derived dendritic cells release lipid A-induced interleukin-12 by
taking total anthocyanin extract concentrations in the range of 0-40 g/mL. Results indicated the
satisfactory anti-proliferative, anti-inflammatory and antioxidant activities of Hull blackberry extract
(HBE) further demonstrating that the products synthesized with HBE also possessed potential against
inflammatory and carcinogenic diseases.'*!! Blackberries are composed of hydrolyzed tannins such as
gallotannins and ellagitannins.!"*®! Biological active compounds extracted from blackberries in case
they deplete at appropriate levels are considered promising candidates against inflammatory diseases.

Recently a lot of in vitro trials and clinical research indicated that gastrointestinal diseases related to
Helicobacter pylori virus"*”) and urinary tract health issues!**'** pacify with the consumption of
cranberry fruits. Studies also acknowledged their activity toward anti-inflammation, antioxidant and
antiviral (against influenza and rotaviruses) effects."**~'*? Present research demonstrated that poly-
phenols available in cranberries including flavonols, anthocyanins and flavonols are responsible for
the regulation of inflammatory effects and decrease of free radicals.!"** Consumption and metabolism
procedures indicate the presence of their bioactivity.

Many in vitro researches were carried out to demonstrate the effects of bioactive compounds of
cranberry and results indicated that bioactivities reduce the macrophage activity and T cells when
resolved to compatible pro-inflammatory stimulus.'**'**! Particularly, cranberry juice was recom-
mended to devote positive effects against periodontal ailments.!"**) When anthocyanins of cranberry
are exposed to pro-inflammatory cytokines, perform to dull the appearance of monocyte chemotactic
protein 1 and intercellular adhesion molecule 1 (ICAM-1)."*%! Various research studies are available
that determine cranberry bioactivities against inflammatory diseases. Reduction in circulating adhe-
sion molecules was examined by Ruel et al.""*”) in dormant middle-aged men with liability features by
the utilization of cranberry juice. Utilization of anthocyanins in about 320 mg/d pure mixture results
in the reduction of CRP, plasma IL-1b in sick person with hypercholesterolemia ailment and soluble
vascular cell adhesion molecule 1 (sVCAM-1) were reported by Zhu et al.."*®! On the contrary, various
research studies are unable to explain the biological effects on other inflammation-causing factors such
as adhesion molecules and CRP."** In some studies, distinguished features among background
medication and participant population results be deficient toward anti-inflammatory effects in the
case of plasma lipids, however more studies are required to elucidate these conflicting conclusions.

Anti-diabetic effect

Diabetes mellitus is one of the most common clinical diseases that is characterized by defects in insulin
secretion and insulin action, resulting in disturbance in the metabolism of carbohydrates, proteins and
fats. The worldwide burden of type 2 diabetes, one of the main causes of morbidity and mortality, has
increased rapidly in tandem with increases in obesity. Now a day, it is prevalent among almost
150 million people worldwide. Important risk factors for this aberration are a sedentary lifestyle,
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obesity and consumption of an energy-rich diet.!"*® As a result of its increasing prevalence, various
therapeutic approaches have been applied to treat this disease, unless no particular treatment yet been
discovered. Emerging management strategies for this disorder involve insulin and oral antidiabetic
agents, dietary modification and lifestyle management. Medicinal therapies are effective but toxic as
well, whereas diet therapy is considered a nontoxic strategy.!"*”’ In this context, fruits and vegetables
rich in fiber are usually recommended. In the fruit category, berries are considered important to cope
with type II diabetes mellitus owing to the presence of an array of bioactive compounds such as
flavonoids, anthocyanins and other phenolic compounds. These berries play important role in the
treatment of type II diabetes by fighting related complications due to their antioxidant capacity.

Among berries, strawberry has gained greater interest for their antioxidant capacity owing to the
presence of functional ingredients. A lot of literature exists to defend the functional importance of
different forms of berries against diabetes mellitus and its related complications. Chang et al.!**"!
probed the effect of strawberry juice on diabetes mellitus and its risk factors and found that free
radicals and ox-low-density lipoprotein-induced proliferation were reduced significantly in rat aortic
smooth muscle cells. Wolfe et al.'*!Iclaimed that strawberries are considered best for their contribu-
tion to cellular antioxidant activity among all fruits. Yi et al."*?! worked on the treatment of diabetic
mellitus through strawberries and concluded that strawberries reduce oxidative stress and athero-
sclerotic lesion owing to a functional ingredient i.e. ellagic acid. In another study, Pinto et al.!*”!
explored the anti-hyperglycemic and anti-hypertensive effects of strawberries and found that ellagic
acid present in strawberries can inhibit the activities of carbohydrate and lipid-related enzymes such as
a-amylase, a-glucosidase, and angiotensin I-converting enzyme. Moreover, Moazen et al.”®! examined
that freeze-dried strawberries improved glycemic control and antioxidant status, and reduced lipid
peroxidation and inflammatory response in patients with type II diabetes owing to the presence of
phenolic compounds mainly anthocyanin and flavonoids. Many other types of research were con-
ducted to check the anti-diabetic effect of strawberries and found positive results.!**

Cardioprotective effect

Cardiovascular disorder is a chronic aberration and leading etiology of morbidity and death
worldwide.!>415%] According to the World Health Organization (WHO) statistics, an estimated
17.5 million people died from cardiovascular diseases in 2007, representing 31% of all global
deaths.!"*®! Cardiovascular disease includes coronary heart disease and diseases related to cerebral
vessels.'*”) Tt can be treated in three different ways i.e. diet, medicine and lifestyle modification.
Among these approaches, nutrition (diet) is the most preferred way to cure cardiovascular diseases
because it has no harmful effects. For dietary approaches, fruits and vegetables are considered
important treatments in the prevention of cardiovascular diseases.!**

Among fruits, berries have the potential to fight against various risk factors of cardiovascular
disease such as hypertension, obesity and type II diabetes mellitus owing to the presence of various
functional ingredients such as polyphenols (flavonoids), fiber, magnesium, potassium and
folate.">*'*°! The mechanism behind the cardioprotective effect of berries includes an enhancement
in plasma lipid level, antioxidant activity and endothelial function by inserting anti-inflammatory
effects.®!

Among berries, now a day, strawberries are gaining much attention for their cardioprotective effect
owing to the presence of high content of folate, vitamin C and phenolic compounds (anthocyanins and
ellagitannins). Among these functional components, anthocyanins and ellagitannins have the highest
antioxidant capacity that can mitigate the risk factors of cardiovascular disease such as obesity, stress,
hypertension and type I diabetes mellitus.!"®" The literature revealed that consumption of strawber-
ries could improve the plasma lipid profile, biomarkers of antioxidant status, antihemolytic defenses
and platelet function in healthy subjects, encouraging further evaluation of a population with higher
cardiovascular disease risk.'”! Cassidy et al.®® reported that strawberries have the potential to treat
cardiovascular diseases due to three major positive effects such as antioxidant, anti-atherosclerotic and
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antihypertensive effects. Along with strawberry, blueberry also has potential to treat cardiovascular
diseases and related risk factors owing to the presence of functional compounds with antioxidant
capacity.’®) Same as other types of berries, cranberry also has a cardio-protective effect mainly due to
the presence of proanthocyanidins.!*”!

Anti-metabolic syndrome activity

Similar to cardiovascular disease and obesity, the metabolic syndrome also known as insulin resistance
syndrome or syndrome X is a worldwide prevalent chronic aberration with multiple complications.!**!
As the incidence of complications associated with this syndrome has risen day by day, there is a need
to properly combat these complications through different ways: medicine, diet, and lifestyle modifica-
tion. Now a day, the dietary approach to this syndrome has captured greater attention due to
increasing awareness in the public regarding its positive effects. In food category, the trend of fruit
consumption for the management of metabolic syndrome is increasing day by day.

Among fruits, berries (in all forms) are important fruits to combat risk factors of metabolic
syndrome such as hypertension, impaired fasting glucose, dyslipidemia and cardiovascular
diseases.!”*'*”) Strawberry is one of the most important forms of berries and its consumption can
lower blood glucose levels owing to its high anthocyanin content.!"**' Moreover, strawberries can
overcome the main features of metabolic syndrome such as hypertension and hyperglycemia by
deactivating a- glucosidase which is a carbohydrate digestive enzyme, and a-amylase which is lipid-
related enzymes.!*”!

Similarly, much research was done to probe the anti-metabolic effect of strawberries and it was
noticed that strawberry supplementation can improve postprandial metabolism and lowered post-
prandial hyperglycemia which are the prominent features of metabolic syndrome. Moreover, the
postprandial need for insulin can be reduced through the regular intake of strawberries, which in turn
lowers the risk of type II diabetes and metabolic syndrome and is suggested for persons with a higher
risk of type II diabetes and metabolic syndrome.®®! The main functional ingredient in strawberries for
the anti-metabolic syndrome effect is anthocyanin. Some researchers reported that ellagitannins is also
found effective in this sense. So it is concluded that anthocyanin is the only compound that is effective
against features and risk factors of metabolic syndrome.™>”!

Anti-cancer activity

In recent years, various in-vitro and in-vivo studies have been conducted to probe the anti-
carcinogenic effect of different edible forms of berries and it is concluded that phytochemicals present
in berries may reduce the risk of cancer. The main mode of action behind the anti-carcinogenic
property of berries is the prevention of cancer cells activated by tumor and protease activity, tumor
angiogenesis reduction, stimulation of cell cycle apprehension and upgrade of apoptosis.!*®” In recent
years, various in-vitro and in-vivo studies have been conducted to probe the anti-carcinogenic effect of
different edible forms of berries and it is concluded that phytochemicals present in berries may
mitigate cancer risk. The most important phytochemical compound concerning the anti-
carcinogenic effect is anthocyanin which may inactivate the phase I enzymes induced carcinogenicity
through phase II enzymes and protect human cells from damage and DNA damage.!*>*"!

Among the most beneficial edible forms of berries, strawberries have captured greater attention for
their multiple health-related activities such as anti-carcinogenic, anti-oxidative and geno-protective
capacities in in-vivo and in-vitro studies,’ but rare data is present on the effect of strawberries
concerning anti-carcinogenic properties in human. The mode of action behind this anti-carcinogenic
activity of strawberries is the purification of carcinogens, reactive oxygen species sifting and oxidative
DNA damage, protein 1 and NF-xb activator, Wnt signaling, TNF-a 46 and angiogenesis, cancer cell
proliferation reduction through apoptosis and cell-cycle arrest,[5%94163]
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Moreover, as far as the anti-carcinogenic effects of blueberries are concerned, they have gained
much importance due to many phytochemicals and polyphenols especially anthocyanins such as
cyanidin, delphinidin, malvidin, peonidin, and petunidin.""® These phytochemicals are responsible
for the anti-cancer activity of blueberries, which include aid in the prevention of various types of
cancer such as breast cancer, colon cancer, lung cancer and many other important types of cancer.
Phytochemicals in blueberries are well known for their anti-carcinogenic effects.!®>*¢!

Nowadays, blackberries are well known for their anti-carcinogenic property owing to high phe-
nolics and bioflavonoids. Feng et al.'®*! claimed that consumption of fresh blackberry extract helps
prevent cancer promoted through tumor and signaling of cells. The main mechanism behind this anti-
carcinogenic effect of blackberry extract is the blockage of AP-1 reconciled through reactive oxygen
species and protein kinase enzyme activation through mitogen.

Breast cancer is prevalent in 2.6 million people in U.S. Dietary anthocyanins especially cyanidin,
malyidin, peonidin, peunidin, delphinidin and pelargonidin have been noticed."®’ In recent era,
berries have fetched great attention in reducing the breast cancer risk.!"®”! Phenolic compounds
especially anthocyanins possess anti-inflammatory properties and may help to suppress the growth,
size and proliferation of breast cancer cells. The most important form of berries for anti-carcinogenic
activity is blueberry which contains about five major anthocyanins such as cyanidin, delphinidin,
malvidin, peonidin, and petunidin.[87]

Prostate cancer affects one-out-of-six men during their span in the US. Berries have gained interest
in reducing the androgen levels in men with prostate cancer owing to the presence of higher content of
ellagitannins and flavonoid-enriched fractions. Berries phytochemicals also affect hormonal levels and
may influence cancer progression. Laboratory studies suggest that blueberry could protect against
prostate cancer through the anti-inflammatory effects of its ellagitannins, its flavonoids promotion of
apoptosis and perhaps through its phenolic content.[1%®!

Another important type of cancer is colorectal cancer which is the third upcoming etiology of death
in women and men. Diet is the most important factor to combat this type of cancer. 70-90% of
colorectal cancer chances are reduced through dietary modification. Berries are considered as most
important fruits to inhibit colon cancer owing to a broad spectrum of phenolics.'**”"! In the study of
Hakansson et al.,!'”" rat study was performed to probe the effect of blueberry husks and probiotics on
colorectal cancer and it was found that blueberry husks and probiotics are quite helpful in interrupting
the liver injuries and activity of colon carcinogens.

Conclusion

Conclusively, all edible forms of berries especially strawberries, blueberries, blackberries and cranber-
ries are rich sources of bioactive moieties mainly anthocyanins. These compounds are antioxidants
and they have strong potential to combat various chronic diseases such as cancer, diabetes, obesity,
inflammation, cardiovascular diseases and many related complications. These biological applications
have opened the way to the utilization of berries and their bioactive compounds in the food and
pharmaceutical industry like pharmaceuticals, nutraceuticals and dietary supplements.
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