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Abstract: Along with the increased knowledge about the positive health effects of food bioactives,
the eating habits of many individuals have changed to obtain higher nutritional benefits from foods.
Fruits are among the most preferred food materials in this regard. In particular, berry fruits are
important sources in the diet in terms of their high nutritional content including vitamins, minerals,
and phenolic compounds. Berry fruits have remedial effects on several diseases and these health-
promoting impacts are associated with their phenolic compounds which may vary depending on the
type and variety of the fruit coupled with other factors including climate, agricultural conditions,
etc. Most of the berries have outstanding beneficial roles in many body systems of humans such as
gastrointestinal, cardiovascular, immune, and nervous systems. Furthermore, they are effective on
some metabolic disorders and several types of cancer. In this review, the health-promoting effects of
bioactive compounds in berry fruits are presented and the most recent in vivo, in vitro, and clinical
studies are discussed from a food science and nutrition point of view.
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1. Introduction

The number of diet-related diseases, such as diabetes and obesity, as well as cardio-
vascular, immune-related, and nervous system disorders are increasing day by day and
are gradually becoming a global health problem [1]. However, the extent of knowledge
regarding the health effects of food ingredients such as vitamins, minerals, and some
bioactive compounds is also increasing concomitantly with the interest and awareness of
consumers. Based on this consciousness, individuals reform their eating habits predomi-
nantly in accordance with balanced nutrition and wellbeing that could be obtained from
foods [1]. Consequently, fruits have become an important component of diets with their
high fiber, vitamin, mineral, and phenolic contents.

Berry fruits with their sweet taste, unique aroma, and high phenolic contents are im-
portant sources contributing to the improvement of diet quality. The most commonly con-
sumed berry varieties are blueberries, strawberries, black and red raspberries, cranberries,
black currants, lingonberries, chokeberries, elderberries, and blackberries [2]. Depending
on the species, they usually have a color range between red to purple or black. In addi-
tion to being consumed fresh or dried, berries are also utilized as different forms of food
products such as jams, jellies, and drinks. Environmental conditions during cultivation
are critical factors that affect fruit components and therefore the final quality so that many
of them have their unique regions under optimum cultivation conditions [2]. What all
variants have in common is that they contain high levels of phenolic compounds, including
flavonoids, phenolic acids, tannins, stilbenes, and lignans [3].

There has been a significant rise in studies related to the health benefits of berries.
Anti-diabetic, anti-obesity [4], anticarcinogenic [5,6], and anti-inflammatory [7] activities of
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berries have been reviewed broadly in many recent studies. In addition, the Berry Health
Benefits Symposium has been held biennially since 2005 to discuss the health promoting
effects of berries, including their potential impacts on cardiovascular systems and gut
health [8]. The present study aimed to provide an overview of the promising health
benefits of berries by focusing on the most important diseases with respect to global health
problems from a food science and nutrition perspective. The effects of berries in relation to
some particular disorders were discussed. The action mechanisms of berries on different
diseases and their interrelation with pathogeny were also briefly summarized indicating
their importance for being used /consumed routinely in the daily diet of individuals.

2. Nutritional and Bioactive Values of Berries

It is quite widely believed that fruits are of great importance in the human diet,
providing numerous health benefits. With the advancement and increase in research,
scientists are able to further delve into the details and reasons for these advantages. Berries
are noteworthy fruits in this sense, providing both improvement in health as well as their
physical allure and palatability. Multiple types of berries exist in nature, both edible and
inedible, in varying colors, shapes, and tastes. The composition of berries, and consequently
their nutritional advantages, depends on a multitude of factors such as breed, soil type,
climate, location, time of harvest, handling, and storage conditions [9]. With that said,
in general, berries contain both micro and macronutrients, are high in dietary fiber and
fructose, and contain important vitamins, minerals, and fatty acids. The main vitamins
present in berries are vitamins A, C, and E, and the B complex vitamins, contributing to
their overall antioxidant capacity [10].

Berries are fairly rich in polyphenols, which are secondary metabolites of various
fruits, vegetables, and cereals, and over 8000 types of phenolic compounds have been
found. They are generally classified in the following categories in terms of their chem-
ical structures: phenolic acids, flavonoids, lignans, anthocyanins, and stilbenes [11]. In
general, the abovementioned phenolic compounds, along with the vitamins and minerals,
make berries an important source of bioactive compounds (BAC), leading them to have
antioxidant, antimicrobial, antifungal, chelating, and pigmentation properties [10]. Due to
these health benefits of the BAC held in berries, they are known to have positive effects on
the gastrointestinal system, metabolism-related diseases, the cardiovascular system, the
immune system, the nervous system and numerous types of cancers [12]. Table 1 shows
commonly studied berries and their phenolic contents extracted from various studies.
These values can differ in literature as the source and type of berry, assay method, as well
as other affecting factors listed above, can have an impact on their phenolic values.

Table 1. Commonly studied berries, their phenolic compounds, and total phenolic contents.

Commonly Found Phenolic

Berry Type TPC Expression/Unit Compounds References
Blackberry 4016.43 + 13.44 mg GAE/100 g DW Cyanidin, ellagic acid, quercetin [13-17]
Raspberry 735.03 mg GAE/100 g FW Ellagic acid, quercetin, kaempferol, cyanidin [13,17,18]
Blueberry 170.9-523.8 mg GAE/100 g FW Chlorogenic acid, quercetin, myricetin, cyanidin [18-21]
Chokeberry 1964-2782 mg mg GAE/100 g DW Quercetin, chlorogenic and neochlorogenic acids [22-25]
Korean black raspberry 291.135 mg GAE/100 g FW kaempferol, quercetin, ellagic acid [22,26]
White grape 455-3113 mg GAE/100 g DW Catechin, quercetin, kaempferol [27-29]
Jostaberry 1593.92 mg GAE/100 g FW Ellagic acid, quercetin, myricetin, kaempferol [13,18]
Redcurrant 8.45 mg GAE/100 g FW Quercetin, cyanidin, myricetin, kaempferol [13,18,20]
Cyanidin,
Elderberry 3002 mg GAE/100g DW Rutin, quercetin, gallic acid, gentisic acid [30,31]
Maqui berry 4974 + 57 mg GAE/100 g DW Kaempferol, quercetin, myricetin, delphinidin, cyanidin [32,33]

GAE: gallic acid equivalent; DW: dry weight; FW: fresh weight.

Owing to their favorable taste, berries are mostly consumed in their fresh form without
the need for processing or altering the taste. This is an incredible advantage in the sense that
the BAC they contain is at its peak level and is therefore of great benefit to consumers [9].
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Berries have both different types and amounts of phenolic compounds, leading to diver-
gence in colors and antioxidant capacities. There are numerous studies which look into the
phenolic contents and antioxidant capacities of berries utilizing a variety of methods such
as 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2’-azino-bis-3-ethylbenzotiazolin-6-sulfonic
acid (ABTS), ferric reducing antioxidant power (FRAP), and cupric ion reducing antioxidant
capacity (CUPRAC) assays [34]. Total phenolic content results can be expressed in gallic
acid (GAE) or quercetin (QE) equivalents, while their antioxidant capacities are usually
expressed in Trolox (TE) or ascorbic acid equivalents (AAE). These variations of the units
often make it quite challenging for comparisons of different studies despite all representing
antioxidant capacity [35].

A comparative study of six berries, honeyberry, blueberry, mandarin melon berry,
mulberry, chokeberry, and Korean black raspberry, was conducted to research their in-
dividual characteristics and how their nutritive values are affected by composition [22].
Antioxidant activity was evaluated with a combination of three tests consisting of ABTS,
DPPH, and FRAP and the results showed that chokeberry exhibited the highest antioxidant
activity, closely followed by Korean black raspberry, while the melon berry had the lowest
antioxidant activity. The research showed a positive correlation between the amounts
of flavonoids, phenolics, and anthocyanins present in the berries and their antioxidant
activities. The total phenolic contents of chokeberry, Korean black raspberry, and melon
berry were measured to be 194.61, 144.71, and 31.16 GEC pug/mL, respectively. These
were parallel to their respective antioxidant activities where the values of chokeberry and
Korean black raspberry were found to be 10 times higher than that of melon berry. Another
detailed study focusing on berries covered their total anthocyanin, total flavonoid, and
DPPH radical scavenging activity amongst other antioxidant capacity assays, using both
spectrophotometric and colorimetric methods [36]. Raspberries, black currants, red cur-
rants, white currants, white gooseberries, red gooseberries, blackberry, goji, and three types
of blueberries were evaluated. The highest total anthocyanin (mg cyanidin-3-glucoside
eq./g) and flavonoid (mg rutin eq./g) contents were found in blackcurrants with the results
being 7.59 mg/g and 24.78 mg/g, respectively. Blackcurrants were also seen to have the
most promising antioxidant capacity while goji berries had the lowest among all. Trolox
equivalent antioxidant capacity (TEAC; mmol Trolox eq./g), FRAP (mmol Fe?*/ g), and
radical DPPH of blackcurrant extract were 12.09 mmol/g, 10.29 mmol/g, and 0.20 mg/L,
respectively. For goji berry extracts, these results were 2.79 mmol/g, 1.46 mmol/g, and
1.18 mg/L, respectively. The values of the remaining berries were spread out between
these high and low points, further showing the divergences of berries in terms of their
constituents.

A different study determined the types and measured the amounts of the phenolic
compounds in fruits, particularly those available as commercial juices in the United King-
dom [27]. Amongst the various types of fruits assessed, cranberries and grapes were also
studied. Their results showed that purple grape juice was the lead in terms of total phenolic
content, while white grape juice was the lowest, with the measured results being 7.5 mmol
GAE/L and 0.9 mmol GAE/L, respectively. The situation was observed for antioxidant
activity as well, with cranberry juice also being noted for its high antioxidant activity.
Okatan conducted a comparative study evaluating the total phenolic and anthocyanin
contents along with the antioxidant activity of six different berries: redcurrant, blackcurrant,
red raspberry, blackberry, gooseberry, and jostaberry [13]. Blackberry was found to have
the highest antioxidant and anthocyanin levels, with values of 426.26 mg TE/100 g FW
and 226.33 mg/100 g FW, respectively. Jostaberry had the highest value of total phenolic
contents as 1593.92 mg GAE/100 g FW. Redcurrant generally had the lowest values out of
all six berries with its total phenolics, antioxidant, and anthocyanin values being 8.45 mg
GAE/100 g FW, 24.41 mg/100 g FW, and 8.70 mg/100 g FW, respectively.

Briefly, it could be deduced that berries are quite beneficial to human health in terms
of their abundant amount of total phenolic acids, anthocyanins, flavonoids, and thus high
antioxidant capacities. Studies generally showed that polyphenols in particular were highly
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linked with a remarkable level of antioxidant capacity which demonstrates the ability to
inhibit reactive oxygen species (ROS). Due to this reason, berry polyphenols have reputable
potential to demote adverse health effects of ROS-induced diseases and disorders [37,38]. It
should be noted that different amounts and types of phenolic compounds were determined
in varying studies outlined above, even for the same berry fruit, emphasizing their critical
dependency on external, agricultural, and cultivation factors.

3. Health Effects of Berries
3.1. Gastrointestinal System

Even though the effects of berries on many health issues had been investigated widely,
their effects on gastrointestinal (GI) systems and disorders were comparatively less stud-
ied [39]. The gastrointestinal, or digestive, track system, which is mainly composed of
the mouth, esophagus, stomach and intestines, has been examined for the effect of berry
bioactives with varying numbers of in vivo and in vitro studies through increasing popular-
ity [39,40]. Particularly, the ROS within the GI tract is the major inducer of oxidative tissue
damage, sourcing from reducing the endogenous antioxidative enzymes, hence inducing
oxidative stress to trigger various GI disorders such as gastritis, peptic ulcer, and inflam-
matory bowel disease [41,42]. Different berry bioactives in terms of varying molecular
mechanism of actions have been investigated, with the nuclear factor-kappaBp65 (NF-»B)
pathway being the most common one for many berry bioactives to be modulated [42].
Protective roles of berry bioactives against GI oxidative stress and inflammation as gastric
and intestinal effects were reviewed comprehensively for each individual berry [42]. On
the other hand, the effect of berry bioactives should ideally start to be examined from the
mouth, where the first encounter of berries and the body takes place. The promising health
effects of berry bioactives on the GI system were investigated throughout numerous studies
with the most recent ones being covered in the part below.

The effect of cranberry bioactives on cariogenic virulence factors such as bacterial
acidogenicity, aciduricity, and glucan synthesis was widely reviewed and their spectacular
potential for cariostatic effects was emphasized, with their majority being in vitro stud-
ies [43]. Similarly, a clinical trial was conducted to examine the potential antimicrobial
and anti-inflammatory effects of fermented lingonberry mouthwash in the oral cavity.
The viable counts of Streptococcus mutans and Candida and Lactobacilli were found to be
decreased, in addition to reduced visible plaque index and bleeding upon probing, with
a usage of 20 mL twice daily for one week [44]. Highbush blueberry proanthocyanidins
were tested for their alleviatory potential for Porphyromonas gingivalis-induced detrimental
activities on oral mucosal cells. The outcomes showed that the integrity of the gingival
keratinocyte barrier was protected, translocation and proteinase activities of P. gingivalis
were hindered, and IL-6 and IL-8 secretions were diminished [45]. With a wider prospect,
varying types of berry juices (blackcurrant, redcurrant, cranberry, and raspberry) were
investigated on the most common oral pathogenic bacteria. Significant suppression effects
of berry juices on targeted pathogenic bacteria coupled with minimum cytotoxic effects
were observed for different applications [46].

The esophagus as another element of the GI system was examined against the bioac-
tives of berries, but not too extensively. Ethanol extracted anthocyanin enriched fraction
of black raspberry was applied in vitro on actual human microvascular endothelial cells
of the esophagus. An anti-inflammatory effect was observed following the TNF-o/IL-1f3
activation when exposed to 100 ug/mL extract [47]. In another study, myrtle berry seed
extract was used for its ameliorative and antioxidant effect on reflux-induced esophagitis
in rats as well as in vitro. Significant antioxidative activity of myrtle berry seed extract was
observed in vitro and a protective effect against histopathological and macroscopic changes
coupled with avoiding intracellular mediator deregulation was obtained in vivo [48,49].

Positive effects of berry bioactives, specifically polyphenolics, on the protection of
gastric mucosa, including ulcerative colitis, antiulcer activity, alleviation effect on mor-
phological and histopathological damaged lesions, decreasing oxidative stress, improving
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antioxidative efficiency, and restoring calcium homeostasis, were commonly observed for
GI tract disorders [50]. The effect of myrtle berries on GI tract system health disorders
was extensively reviewed in a few studies, both in vivo and in vitro, which indicate the
potential of myrtle berries to treat or avoid GI disorders such as gastroduodenal ulcer,
diarrhea, and inflammatory bowel disease (ulcerative colitis) [48,51]. Ellagitannin-enriched
extracts from blackberry and raspberry were applied on gastric inflammation and both
extracts were observed to decrease the ulcer index of ethanol-induced oxidative stress
significantly (88 and 75%, respectively) in vivo. A similar observation was also indicated
from in vitro studies concerning TNF-a (NF-xB), IL-8 secretion, and enzymatic activity
reductions [52]. Ethanol-induced peptic ulcer in rats was exposed with myrtle berry ex-
tract in a dose-dependent manner (observed gradually increased activities by 25, 50, and
100 mg/kg p.o.) and it was found that regulated enzyme metabolism induces protec-
tion against gastric and duodenal injuries [49]. These regulations were associated with
the preservation of normal antioxidant enzyme activities while inhibiting the secretion
abnormalities by myrtle berry extract. Similarly, Schisandra chinensis berry extract was
used against ethanol induced gastric ulcers in mice. Significant decrease in ulcer index,
malondialdehyde, TNF-ot/IL-1f3 secretion as well as protection against mucosa lesions and
increase of superoxide dismutase levels were observed [53]. Castor oil-induced diarrhea
was treated in rats by feeding them with myrtle berry juice (5-10 mL/kg) in a comparative
study with well-known anti-diarrhea drugs. In a dose-dependent manner, myrtle berry
juice hindered intestinal motility and gastric emptying rates [54].

The gastroprotective effects of the black mulberry, raspberry, and acai berry extracts
were evaluated in terms of their antioxidant and enzyme activities both in vitro and in vivo.
Their ability to reduce the ulcerative lesion (83—48% with a dose range of 30-300 mg/kg)
was confirmed with gastric mucosa enzyme activity and decreased inflammation [55,56].
Another gastroprotective study of black chokeberry hydro-alcoholic extract on ethanol-
induced gastric ulcer in rats was evaluated and significant inhibition was observed on
gastric injury formation by decreasing malondialdehyde, myeloperoxidase, and increasing
superoxide dismutase, catalase, glutathione peroxidase, and interleukin (IL)-4 [57,58]. The
synergistic effect of black chokeberry with Alchemilla vulgaris extracts was examined for
indomethacin-induced gastric ulcer in rats and it was indicated that pretreatment with a
combination of these extracts had significant protection and reducing effect against gastric
ulcers [59]. The same berry was also tested for its amelioration potential against trini-
trobenzensulfonic acid-induced colitis (inflammatory bowel disease) in a drug comparative
study with sulfasalazine. It was pointed out that the berry extract had higher protective
activity than sulfasalazine on macroscopic and microscopic lesions for colitis, possibly as a
result of the antioxidative and anti-inflammatory effects it had [60]. In another study, the
potential healing effect of the Chinese goji berry extract on aspirin-induced gastric ulcer
in rats was investigated. Based on reduced lipid peroxidase malondialdehyde levels by
78%, the berry extract was confirmed to have the potential to heal in vivo gastric ulcers [61].
From a different point of view, the gastric damage of maqui berry extract, as a side effect
potential, was investigated when applied with the purpose of its antinociceptive effect in
mice. No signs of damage or lesion occurrence were detected during or post the experiment
period [62].

Regulatory and modulatory effects of berry polyphenols on the human gut microbiota
are considered to have a probiotic-like effect. Hence, it can be deduced that they diminish
the symptoms of gut inflammation through the modulation of pro-inflammation cytokines
and accordingly the important protective role of each individual berry on microbiota health
was reviewed in detail by Lavefve et al. [63]. Encapsulated goji berry extracts were supplied
as prebiotics into the growth media of probiotic bacteria naturally grown in gastric and
intestinal juices containing Bifidobacterium and Lactobacillus strains. Powdered goji berry
extracts stimulated the growth of targeted bacteria based on colony counts [64].
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3.2. Metabolism-Related Diseases

Metabolism is a term that comprises all of the chemical reactions performed in a cell or
organism to maintain vital functions. A defect in metabolism can cause metabolic diseases,
which could be related to unhealthy eating habits. Foods taken into the body can be
catalyzed to produce energy or stored in body tissues to be used when needed. When food
intake becomes more than needed, the body stores most of the foods that are excessively
consumed. Consequently, some diseases such as lipoidosis, obesity, and diabetes can occur
in the body. In addition to nutrition, genetic defects that affect the metabolism may also
cause metabolic diseases [65].

3.2.1. Diabetes

Diabetes, one of the most widely seen metabolic diseases in the world, is a disease
that occurs in case of dysfunction of blood sugar regulation within the body. There are
two main types of diabetes including type 1 and 2. Type 1 diabetes is not preventable
as its exact causes are still unclear [66]. On the other hand, type 2 diabetes is relatively
preventable as it mostly occurs as a consequence of an unhealthy lifestyle such as improper
diet, stress, and lack of physical activity [66]. There are different mechanisms behind type 2
diabetes, for example, patients may not be able to produce enough insulin or not be able
to utilize the existing insulin. Therefore, various drugs with different action mechanisms
are used in type 2 diabetes such as promoting insulin production or inhibiting sugar
catalysis [67]. In addition to drug treatment, some foods can be consumed as a supplement
or for the prevention of diabetes. Food supplement is especially important for people
with prediabetes, those who have high blood sugar but not enough to be diagnosed as
diabetic [68].

Phenolic compounds have various effects on different mechanisms involved in the
development of diabetes [69]. Therefore, phenolic rich fruits such as berries have a high
potential for the prevention and management of diabetes. For instance, berries have an
effect on glucose intake and pancreatic 3 cells, which are responsible for insulin secretion
through their active constituents. [70]. Therefore, the consumption of berries may exhibit
a similar effect to that of drugs. Jeon et al. investigated the consumption of ethanolic
extract of Aronia berry in diabetic mice. They induced type 1 diabetes using streptozotocin
(100 mg/kg daily), a drug used for damaging pancreatic (3 cells. They observed that the
daily consumption of 100 mg/kg Aronia berry extract with streptozotocin for 6 weeks
almost completely inhibited the increase of blood sugar in mice. Moreover, Aronia berry
extract exhibited a protective effect in pancreatic § cells [71]. In another study, Kinasih
et al. studied golden berry juice consumption on blood glucose level, insulin level, and
insulin resistance in rats [72]. They observed that consumption of golden berry juice (1
and 5 mL/200 g body weight/day) decreased blood glucose and insulin resistance up to
59% and 49%, respectively, and increased insulin levels up to 18% when compared to the
control group (diabetic but no juice consumption). In some other studies, a decrease in
glucose level and improvement in pancreatic 3 cells were observed with consumption
of blue honeyberry [73], Solanum nigrum Linn berry (Umamageswari), and Canadian
blueberry [74].

In clinical trials, it was observed that consumption of some berries had antidiabetic
activity. For instance, the addition of wild blueberry drink to the diet exhibited an im-
proving effect on glucose and insulin response to meals in healthy adults [75]. Similarly,
consumption of freeze-dried black raspberries improved the glycemic response in young
adults [76]. In addition to healthy individuals, strawberry and cranberry polyphenol juice
improved insulin sensitivity in insulin-resistant, overweight, and obese people [77]. The
antidiabetic effect of berries can be related to oxidative stress. Glucose-induced oxidative
stress decreases insulin secretion by decreasing cell proliferation and increasing apopto-
sis. However, in some studies, despite the antidiabetic effect of berries, no difference in
oxidative stress response was observed [76,77].
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Another antidiabetic action mechanism is the inhibition of digestive enzymes. «-
amylase and a-glucosidase are responsible for the catalysis of carbohydrates. Inhibition of
these enzymes can delay the increase of glucose levels in serum. It is known that berries
such as bilberry [78], rowanberry [79], Lonicera caerulea berry [80], Vaccinium spp. berry [81],
and Andean elderberries [82] have an inhibitory activity on carbohydrate catalysis enzymes.
The mechanism behind this activity depends on protein-phenolic interactions. Phenolic
compounds in berries bind carbohydrate catalysis enzymes in a similar or same manner
as inhibitors (e.g., acarbose). Thus, carbohydrates cannot interact with catalysis enzymes.
For instance, delphinidin 3-O-galactoside, delphinidin 3-O-arabinoside, and cyaniding 3-O-
glucoside in bilberry extract bound x-amylase from one side in the same way as acarbose.
Owing to this property, berries play an important role in regulating blood sugar in both
diabetics and healthy individuals.

3.2.2. Obesity

Obesity is a disease that mainly occurs due to an unhealthy lifestyle, environmental,
economic, psychological, physiologic, or genetic reasons [83]. Regulating carbohydrate
and lipid metabolism and exercising are some of the most important prevention and
management methods against obesity. Furthermore, the biological activities of berry
bioactives against digestive enzyme inhibitors have an important role when it comes to
dealing with obesity [84]. For instance, Peng et al. indicated that consumption of mulberry
water extract totally inhibited the increase of body weight in hamsters after consuming
a high fat diet with 2% (w/w) extract for 12 weeks [85]. This decrease was related to
the increase of lipolysis factors (hepatic peroxisome proliferator-activated receptor R and
carnitine palmitoyltransferase-1) and decrease of lipogenesis factors (fatty acid synthase
and 3-hydroxy-3-methylglutaryl-coenzyme A reductase). Increase of lipolysis leads to the
hydrolysis of stored fats and thus declines the fat storage in the body. On the other hand,
decrease in lipogenesis prevents the increase of fat storage in the body [86]. Similarly, the
effect of berry consumption on lipid storage mechanism was evaluated and significantly
lower rate of lipid accumulation was found. For example, in a study performed by Wu
et al., mice were fed with an ad libitum amount of blueberry and mulberry juice along with
both a high-fat and low-fat diet for different groups for 12 weeks. The study indicated
that blueberry and mulberry juice consumption decreased serum cholesterol levels and
lipid accumulation. In addition, an improvement was observed for insulin resistance.
Thus, 7.3 and 9.81% decrease in body weight was observed with bilberry and mulberry
consumption, respectively [87]. Similarly, some researchers observed the positive effect of
berry consumption on avoiding obesity through the decrease of lipid accumulation, serum
cholesterol, and insulin resistance for blackberry [88,89], strawberry [89], blueberry [90], and
cranberry [90-92]. Furthermore, consumption of these berries not only caused a decrease
in weight gain but also increased the efficiency of metformin [93]. Metformin is a drug
used for regulating glucose and lipid levels by inhibiting hepatic gluconeogenesis. When
metformin and ginseng berry extract were consumed individually by high-fat-induced
mice, they caused a decrease in weight gain. However, consuming ginseng berry and
metformin together provided better prevention of obesity.

3.3. Cardiovascular System

Cardiovascular diseases are the leading cause of death worldwide [94]. An unhealthy
diet, lack of physical activity, smoking, obesity, diabetes, dyslipidemia (abnormal blood
lipids), and hypertension are the main reasons for cardiovascular diseases [95]. Cardio-
vascular risk is mostly determined by cholesterol and hypertension values. Therefore,
the prevention of hypertension and high cholesterol plays an important role in reducing
cardiovascular risks. Berries with their high phenolic content have the potential to prevent
cardiovascular diseases by lowering those risk factors. For example, in a meta-analysis
on chokeberry, it was observed that literature data show consumption of chokeberry has
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a significant effect on reducing cardiovascular risk factors such as cholesterol and blood
pressure [96].

3.3.1. Cholesterol

Cholesterol is a fat-like substance that has two types, low-density lipoprotein (LDL)
and high-density lipoprotein (HDL). Both of them have different effects on the body.
For example, an increase in LDL cholesterol in the blood causes a buildup of fat in the
veins (plaque) [97]. Thus, vascular occlusion occurs, which results in heart attack and
stroke. On the other hand, an increase in HDL cholesterol decreases the cholesterol in
the blood by carrying cholesterol to the liver [97]. Berry consumption affects lipid and
cholesterol metabolism and thereby decreases LDL and increases HDL cholesterol. Lui
et al. reported that feeding rats with a high fat and high cholesterol diet and wild Lonicera
caerulea berry (75, 150, or 300 mg/kg body weight per day) for 12 weeks decreased total and
LDL cholesterol while increasing HDL cholesterol in serum and liver up to 47% and 36%,
respectively [98]. The change of serum and liver cholesterols in the study was correlated
with berry consumption amount in the diet. Moreover, the cholesterol lowering effect
of berry supplementation was on the gene expression, which was related to inhibition
of cholesterol absorption and lipid accumulation [98,99]. However, the mechanism of
berries may differ depending on berry variety. For example, when Lonicera caerulea berry
suppressed the mRNA and protein expression of 3-hydroxyl-3-methylglutaryl coenzyme A
reductase (HMGCR), which is an important enzyme for cholesterol biosynthesis, chokeberry
did not affect the expression of HMGCR in mice [98,100].

Similar results of decreasing cholesterol levels were observed for berries in clinical
studies. For example, in a study, healthy but overweight adults consumed 100 g of bilberry
or lingonberry with a high-fat breakfast: 4 h after breakfast, 6% and 32% decrease in total
cholesterol, 7% and 24% decrease in LDL, and 13 and 23% decrease in HDL cholesterol
were observed for bilberry and lingonberry, respectively, when compared with a high-fat
diet which did not include fruit [101]. In a randomized cross-over study, 40 healthy non-
smoker volunteers (with an average age of 63 & 0.9) consumed berry beverages containing
blueberry, blackcurrant, elderberry, lingonberry, strawberry, and tomatoes or a control
beverage daily for 5 weeks. While control beverage consumption resulted in a slight
increase in total and LDL cholesterols, consumption of berry beverages decreased total and
LDL cholesterols in a ratio of 3.4 and 4.6%, respectively [102]. In another study, the effect of
berry consumption on cardiovascular risk factors in healthy but former smoker participants
was investigated [103]. In addition to a high-fat diet, it is known that smoking also increases
cardiovascular risks [94]. Therefore, the risk factor reducing the effects of berries is more
significant for smokers than that of nonsmokers. Participants were separated into two
groups as placebo and Aronia. The Aronia group consumed 500 mg of Aronia berry extract
daily. When cholesterol levels of the participants were measured after 12 weeks, total and
LDL cholesterol of the Aronia group was seen to decrease by 8 and 11%, respectively. No
significant difference was observed for the placebo group [103].

Reducing cardiovascular risk factors is the key to preventing cardiovascular dis-
eases [94]. Studies so far have observed that berry fruit, beverage, or extract consumption
significantly reduces cardiovascular risk factors in healthy adults. However, reducing these
factors is also important for patients with cardiovascular diseases. In a study performed by
Naruszewicz, patients who survived heart attacks were divided into two groups. While
one group consumed 3 x 85 mg/day of flavonoid-rich extract of chokeberry combined with
statin (cholesterol-lowering drug), another group consumed maltodextrin capsules instead
of fruit extract. After 6 weeks, it was observed that chokeberry extract supplementation
did not significantly affect cholesterol levels in patients. However, the authors mentioned
that fruit supplementation can be used for the prevention of ischemic heart disease due to
its reducing effect on inflammation [104]. In a similar study, patients with mildly elevated
blood pressure consumed chokeberry juice and powder for 8 weeks. Similar to the previous
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study, no significant change with berry consumption in cholesterol levels was observed
while a significant decrease of inflammation was detected [105].

3.3.2. Hypertension

Hypertension, in other words, high blood pressure, is another important risk fac-
tor for cardiovascular diseases, eventuating heart attacks and strokes [106]. High fat or
salt consumption in the diet, obesity, cholesterol, and some hormone problems may in-
duce hypertension. Hellstrom et al. investigated the blood pressure lowering activity of
chokeberry in an in vivo study. They separated 40 rats into four groups which were fed
with chokeberry polyphenolic extract, lyophilized chokeberry juice, and enalapril (ACE
(Angiotensin-converting-enzyme) inhibitory drug) in addition to a control group. Daily
consumption of 50 mg of chokeberry polyphenolic extract and chokeberry juice per kg
of body weight caused a decrease in systolic blood pressure and diastolic blood pressure
of rats. However, the authors also examined in vitro ACE inhibitory activity of polyphe-
nolic extract and juice. It was pointed out that chokeberry juice exhibited an important
ACE inhibitory activity while chokeberry polyphenol fractions performed lower activity.
Authors remarked that the ACE inhibitory activity of chokeberry might be affected by
non-phenolic compounds in the juice [107]. In a similar study, Sikora et al. observed weak
in vitro ACE inhibitory activity for chokeberry extract. Despite this, in a clinical trial with
metabolic syndrome patients, a 30% decrease in ACE enzyme activity was observed after
two months of chokeberry extract supplementation [108]. According to a study performed
by Yamane et al., the antihypertensive activity of the Aronia berry is related to the kidney
renin-angiotensin system instead of inhibition of ACE in the lungs [109].

Studies on blueberries also reported antihypertensive activity. For instance, Wiseman
et al. reported that feeding hypertensive stroke-prone rats with blueberries (3% of diet)
for two weeks lowered ACE activity by 44%. After four weeks, ACE activity was prone
to decrease equally in both blueberry consuming and non-consuming (control) groups of
rats. However, at the end of six weeks, blueberry consumption led to a decrease by 12%
in ACE activity [110]. Similar results were also obtained in clinical trials. For instance,
consumption of blueberry by postmenopausal women with pre- and stage 1-hypertension
resulted in a decrease in systolic blood pressure and diastolic blood pressure [111]. Other
studies also indicated similar activities of decreasing blood pressure for haskap berry [112],
cranberry [113], and strawberry [114].

3.4. Immune System

The immune system’s main responsibility is to resist infections in the body by the
method of either innate or adaptive responses [115]. While innate responses have phago-
cytes, mediator releasing cells, and natural killer cells, the most notable cells of the adaptive
immune system are lymphocytes named B and T cells. Briefly, B cells induce the formation
of antibodies, while T cells terminate the infected units [116]. On the whole, the primary
goal of the immune system could be simply described as detecting and destroying any
attacks on the cells. The disorders of the immune system, both direct and indirect, are wide
in variety and therefore it is extremely important to understand and enhance the responses
of this system. The polyphenols in berries are known for having antiviral, antimicrobial,
anti-inflammatory, and immunomodulatory properties on the immune system [117].

There have been a number of studies in the past decade that aim to highlight the
specific effects and mechanisms of berries on the immune system and show their potential
health benefits for humans. A study conducted in China investigated the immunomod-
ulatory and anti-aging effects of goji berry, also known as wolfberry (Lyciumbarbarum),
when combined with milk, namely lacto-wolfberry, over the course of 3 months [118]. The
participants were aged between 65 and 70 years old and the study aimed to research if
regular consumption of lacto-wolfberry would have enhancing effects after the participants
were vaccinated for influenza. Their B cell and antibody productions were measured,
and it was indicated that B cells were enhanced in terms of their activity rather than their
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numbers. Phytochemicals found in cranberries were investigated for their potential effects
on influenza and the common cold, with a particular focus on the T cell gamma delta,
v5-T [119]. A total of 54 people consisting of 17 males and 37 females with varying ages
and body indexes were observed over 10 weeks in March and May, taking into account
the peak influenza and cold periods. The results showed that regular consumption of
cranberry juice did not only lead to a decrease in symptoms, but also to app. 5 times
increase of y5-T cells and reduction of the release of inflammatory cytokine. A similar
study was conducted with purple concord grape (Vitis labrusca) juice on 85 participants
over 9 weeks [120]. The 26 men and 59 women in the study were elder adults between 50
and 75 years old with similar body mass indexes and did not consume any purple, red,
or blue fruits during the study period. While the placebo group showed a decrease in
serum antioxidant capacity, those consuming grape juice, with a total polyphenol content
of 1894 mg GAE/L, did not experience any reduction in this sense. Furthermore, grape
juice consumption was shown to have beneficial outcomes in regard to y5-T cells and
vitamin C levels. The immune related effects of chokeberry (Aronia melanocarpa) on both
healthy mice and mice with type 1 diabetes were investigated due to the known antioxidant
and anti-inflammatory characteristics of the fruit [121]. Analysis showed that the main
anthocyanin, flavonoid, and phenolic acid compounds in the chokeberry extracts were
cyanidin-3-galactoside (0.34 mg/g), quercetin-3-galactoside (0.31 mg/g), and chlorogenic
acid (3.53 mg/g), respectively. It was seen that oral consumption of chokeberry induced
both phagocytic cell and T cell activities, showing immunomodulatory significance as well
as resulting in an escalation of blood sugar levels in mice with type 1 diabetes. These
in vivo results were further supported by an in vitro model. Dendritic cells, frequently
stated to be antigen-presenting units, are quite important as they lead to the activation
of the adaptive immune system by interacting with T and B cells [122]. Ginseng berry
extracts were shown to have a fairly high impact in terms of dendritic cell activation on
mice, where similar positive outcomes were also observed in vitro [123]. Inflammatory
bowel diseases (IBDs) are also noteworthy diseases, which bring about unfavorable living
conditions [124]. The two main types are Crohn’s disease (CD) and ulcerative colitis (UC);
the former primarily involves problems in the small and large intestine while the latter
affects the large intestine and rectum [125]. Amongst environmental conditions, they are
also caused by insufficiencies in the immune system [126]. There is no set cure for the
treatment of IBD as of yet, therefore the treatment mainly involves easing the symptoms
by controlling inflammation. Multiple in vivo and in vitro studies supported the positive
impact of berries on IBD, relating it to the anti-inflammatory effects of the flavonoids they
contain, with quercetin being a frequent mention [127]. A study conducted on the effects
of maqui berry (Aristotelia chilensis) water extracts on mice with UC also supports this
information [32]. Therapeutic, antioxidant, and anti-inflammatory impacts were observed
in vivo as well as in the comparative in vitro model of the berry, due to its relatively high
anthocyanin contents (0.17 £ 0.09 mg/g fraction) along with the total phenolics content
(820.31 4= 9.37 mg/g). Goji berry was also shown to be potentially effective towards UC
in mice through inflammation repression [128]. In addition, an extremely comprehensive
review regarding the impact of diet on IBD details the effectiveness of different berries,
amongst other fruits and legumes and states the potential protective abilities of combining
the already-used drugs with anthocyanin-enriched supplements [129]. Although not the
most traditional of berries, elderberries (Sambucus nigra L.) have also been used for years
in the belief of their health benefits, especially against influenza and the common cold.
Studies on mice showed that consumption of elderberries had negative effects on influenza
A virus activity, which has been attributed to their high level of flavonoids [130]. The
study states the total polyphenol and anthocyanin contents to be 42 mg/g and 6.6 mg/g,
respectively. There are also a large number of studies in literature which show that the
polyphenols abundant in berries, such as resveratrol, have enhancing properties in terms
of the immune system [131]. In an extensive review regarding the health impact of berries
on oral, esophageal, gastric, intestine, microbiome, and immune systems, it was stated that
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rather than the individual compounds that berries contain, such as quercetin, complete
berry extracts seemed to provide more promise [39]. Given that there are various studies
on the effects of different berries, and also an extreme variety of berries in nature, it can be
deduced that further and more detailed studies could provide necessary information to
help with the treatment of immune diseases.

3.5. Cancer

In addition to their well-known antioxidative and anti-inflammatory effects, berries
containing bioactives such as polyphenolic anthocyanins have the ability to engage a
multitude of signaling pathways with special molecular targets [132-135]. Furthermore,
chemopreventive and therapeutic potential of berry extracts through apoptosis, cell prolifer-
ation, and angiogenesis motivate berries to be used as a tool for cancer treatments [63,132].
Antigenotoxicity and antimutagenicity of berries are one of the most popular fruit-based
anticarcinogenic research topics and studies have been conducted in vitro, in vivo, or as
clinical studies recently [136]. Many studies, which were extensively reviewed by Kristo
et al., indicated the anticarcinogenic activities of berries based on anti-inflammation, an-
giogenesis inhibition, avoiding DNA damage, and decreasing the rates of apoptosis and
proliferation of malignant cells [137]. In addition to these, the primary bioactive com-
pounds that are present in many berry extracts are defined as epigallocatechin-3-gallate,
quercetin, kaempferol, ellagic, chlorogenic, and gallic acids affected antioxidative, cell-cycle
arrest, apoptosis, antiproliferative and anti-survival, anti-inflammation, anti-angiogenesis,
metastasis inhibition, and cell adhesion/movement inhibition activities [137]. The majority
of the studies on berries were focused on GI tract and breast cancers; however, other types
of cancers have also been investigated [63,132,137]. For instance, in a systematic review,
anticancer potential, as well as molecular action mechanism and toxicity of acai berry on
various cancer types (esophageal cancer, urothelial cancer, melanoma, colon cancer, and
Walker-256 tumor) were examined in detail based on clinical (pre and post) and in vivo
studies [138].

The effects of berry bioactives on cancerous cell lines are the key actions correlated
with the anticarcinogenic potentials. Black raspberry extract was found to diminish VEGEF-
induced cell migration, proliferation, and tube formation in human intestinal microvascular
endothelial cells. TNF-«/IL-1f activation followed by VEGF stimulation was observed as
an antiangiogenic effect of black raspberry extract which was mediated by Akt, MAPK,
and JNK phosphorylation inhibitions [47]. Another similar significant inhibition of TNF-oc
(NF-»B) and (MCP)-1 was observed for ethanol induced gastric ulcer in rats when treated
with black chokeberry hydro-alcoholic extract [57].

Anthocyanin-enriched Calafat berry extract was applied on gastric (AGC) and gall-
bladder (G415) human cancer cell lines at different concentrations (25-800 pug/mL). In vitro
viability and migration capacities of gastric and gallbladder carcinoma human cell lines
were observed to reduce significantly [139]. Blueberry and its leaf extracts were inves-
tigated for their anticarcinogenic as well as antioxidative properties with and without
methyl jasmonate (MeJa) fortification on human gastric cancer cell lines (AGS) in vitro.
A strong concurrent antioxidative activity, MeJa-fortified extracts significantly decreased
cancer cell migration, gene expression for cancer-related proteins, and mainly the pathway
of mitogen-activating protein kinase. However, no significant/important in vivo output
was observed such as helicobacter pylori colonization, chemopreventive, or chemoprotective
effects against gastric cancer [140].

Antigenotoxic activities of various berries on colorectal cancer types were discussed
concerning the action mechanism, chemoprotective, and anticarcinogenic properties of
berries aside from emphasizing the importance of gut microbiota covered by in vivo and
in vitro studies [141]. Chilean blueberry and raspberry extracts were used to treat HT-29
and SW48 human colon cancer cell lines. Cell death ratios were observed as 80.1 and 72.5%
for SW48 and HT-29 cell lines, respectively. When exposed to Chilean berry extracts, the
cell growth inhibition was observed 90-100% when the extract was applied at the highest
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possible concentration (2000 pg/mL) [142]. In an in vitro study on human colonic mucosa
cell cultures, oxidative stress-avoiding and antimutagenic properties of elderberry were
assessed. Despite the colonic digestion loss of bioavailability, exposure to the 1 mg/mL
freeze dried elderberry extract resulted in 22% reduction for intracellular ROS production,
prevented the oxidative DNA damage at a level of 46%, and inhibited the oxidant-induced
mutagenicity of Salmonella typhimurium TA102 strain at a ratio of 26% [143]. The effect of
Magqui berry extract on human colon cancer cell lines (HT-29 and Caco-2) growth inhibition
based on inflammatory mediators, which are COX-2 and NF-»B, were investigated. The
results showed a significant decrease of growth of HT-29 and Caco-2 cell lines correlated
with the inhibition of COX-2 and NF-xB due to the externally determined chemoprotective
effect (with detailed antioxidative activity assays) of Maqui berry [144].

Non-small cell lung cancer cell lines were treated with a bioactive compound, 4f3-
hydroxywithanolide E (4HW), isolated from golden berry. It was indicated that 4HW
treatment inhibited the tissue factor expression as well as procoagulant activity. Further-
more, the combination of 4HW with TNF-« triggered a synergistic cytotoxicity against
targeted cell lines induced by caspase-dependent apoptosis. The action mechanism was
briefly expressed as the reversing of TNF-o procoagulant activity together with enhancing
its cytotoxicity by 4HW [145]. Degradation products of cyanidin-3-O-glucoside (C3G),
the prominent anthocyanin in haskap berries, were obtained for their cytotoxic effects on
hepatocellular carcinoma (HepG2) and breast cancer MDA-MB-231 cells. The C3G as well
as the products, protocatechuic (PCA) and phloroglucinaldehyde (PGA), were applied
on the targeted cell lines. C3G-enriched fraction of berry extract exhibited an inhibitory
effect on HepG2 cell in a concentration-dependent manner for 48 h, while PCA provided a
significant cytotoxic effect on both HepG2 and MDA-MB-231 cells [146]. Hydroethanolic
extract of maqui berry was investigated for its inhibitory effect on human endometrial
cancer cell line Ishikawa. The study based on cell cycle arrest or apoptosis induction
demonstrated that the cell viability was inhibited while apoptosis increased with an EC50
of 427.3 ug/mL extract treatment along with lowered invasive capacity with unchanged
migration of Ishikawa cells. Consequently, hydroethanolic extract of maqui berry exhib-
ited promising antineoplastic properties for endometrial cancer [147]. In a study, Anthos
berry bioactives were applied on drug sensitive (A2780) and drug resistant (A2780/CP70,
OVCAA432, and OVCA433) ovarian cancer cells. The significant inhibitory effect of Anthos
bioactives was indicated when they were administered as milk-derived exosomes, in order
to increase their oral bioavailability and stability. Eventually, exosomal Anthos decreased
PgP (p-glycoprotein) level in a dose-dependent manner for both drug sensitive and drug
resistant tumor xenografts significantly and was proposed as a promising antitumor agent
coupled with an excellent nano drug carrier to manage the ovarian cancer [148]. The stud-
ies mainly conducted from a food science and nutrition perspective for the correlation in
between the cancer tissue and berry phenolic compounds were non-existent, to the best of
our knowledge, possibly requiring more complex analysis methodology of cancer studies.
For that reason, only the effects of extracted/purified berry phenolics on cancerous cell
lines (in vitro) were able to be covered in this section.

3.6. Nervous System

The nervous system, consisting of the central and the peripheral nervous systems, is
responsible for identifying affecting environmental factors and transmitting responsive
signals throughout the body. It is a remarkably complex system controlling the senses,
physical movement, and consciousness [149]. Problems in the nervous system might cause
a variety of conditions, such as anxiety and depression, and disorders, with some of the
most well-known ones being Alzheimer’s disease, Parkinson’s disease, and Huntington’s
disease [150]. Although these conditions and disorders have multiple causes, often in
combination, research shows that the presence of ROS leading to oxidative stress is unde-
niably an affecting factor [151]. The leading organ is the brain, which is also a part of the
central nervous system. The brain is quite susceptible to the adverse effects of ROS and
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unfortunately does not have the capacity to counteract the potential damage [40]. Multiple
studies show the positive effects of berry consumption on reducing the stress caused by
ROS on the nervous system.

3.6.1. Alzheimer’s Disease

Alzheimer’s disease (AD) is one of the most well-known nervous system disorders. As
the disease slowly deteriorates memory, its symptoms, beginning with basic forgetfulness,
can lead to eventual loss of the ability to perform daily tasks, including speaking [152,153].
The causes are linked to various factors such as environmental exposures, stress, genetics,
and infections, with the most dominant cause being age advancement [154]. While currently
there is no definite cure for AD, there are various treatments aimed at alleviating the
symptoms [155]. Multiple studies can be found in literature regarding the effect of berries
on AD. Bilberry and blackcurrant were supplemented to mice to observe the inhibiting
effects of AD [156]. The hindering effects of the berries on 3-amyloid (Af) fibrils, which are
an affecting factor of AD and lead to ROS generation, were studied. Although the berries
exerted slightly different reductions in differing parameters, overall, it was found that both
bilberry and blackcurrant exhibit a certain level of neuroprotective effect on mice with AD.
In a study, which used the roundworm Caenorhabditis elegans, the effects of cranberries
on AD were investigated [157]. Their results showed that the use of cranberries was able
to decrease the A toxicity and have promising preventative effects on AD, although its
therapeutic result was not considered as promising. In another study lasting over a period
of 16 weeks, mice were supplemented with blueberry extract to observe its effects on
AD, particularly that of memory and learning advancements [158]. Their results showed
that mice which consumed blueberry extract exhibited positive change in this sense when
compared to the mice that were not treated. Additionally, a thorough study looking into
the cognition improvement prospects of berries in terms of AD focused on mice treated
with the polyphenolic extracts of blueberries and grapes. It was seen that even though A3
fibrils were not hindered, the berry extract showed memory development [159].

3.6.2. Parkinson’s Disease

Parkinson’s disease (PD) results in the gradual loss of control over both motor func-
tions including tremor, rigidity, akinesia, and posture, and also non-motor functions such
as cognitive and behavioral problems [160]. As with AD, there are numerous probable
causes of the disease, ranging from lifestyle and heredity to age and surrounding condi-
tions, with the most impacting factor being dopamine deficiency [161,162]. Dopamine is a
neurotransmitter, widely associated with its impact on emotions [163]. Over the years, the
treatment of PD symptoms has seen noteworthy advancement, with the standard being
therapies focused on remedying dopamine deficiency via dopamine-based drugs, which
among other effects, inhibit the generation of ROS [162]. Levodopa is the most widely
known and used drug in the treatment of PD [164].

An extremely detailed study focusing on the long-term effects of flavonoid intake
on PD was conducted [165]. The study consisted of looking into 5 different sources of
flavonoids on 805 people over 2022 years. Results showed that there was a considerable
correlation between berry-sourced flavonoids and reduction of PD risk, where this risk
decreased by 40% in men but was insignificant for women. Another study, specifically
focused on mulberry fruit and its influence on neurotoxicity, showed similar positive results
in both in vivo and in vitro PD models [166]. The observed behaviors, as well as brain
tissues of mulberry treated mice indicated certain neuroprotective effects. In addition to the
studies that focus on the effect of berries on PD, there are also various studies associated
with the flavonoids, which are abundantly found in berry matrices. Various in vivo and
in vitro studies focusing on fisetin, a flavonol abundant in strawberries, showed that it has
the potential to treat PD symptoms [167]. Ellagic acid is a polyphenol present in berries
which is also known to have ROS reducing effects. An in vivo study investigating the effect
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of ellagic acid on rats showed that ellagic acid was able to improve motor disturbances and
showed potential in reducing free radical induced neural damage in PD [168].

3.6.3. Huntington’s Disease

Huntington’s disease (HD) is a hereditary disease in 90% of cases, affecting cognition,
behavior, and motor functions [169]. It is caused by the defective huntingtin gene on
chromosome 4 leading to the coding of the huntingtin protein [170]. The symptoms of
HD are similar to that of PD and include tremors and involuntary muscle contractions;
however, the causes of HD are more precise. Although there is no cure at the moment for
HD, there are various types of treatment for its symptoms [171].

In a very recent study, two types of raspberry extracts, namely Rubus idaeus and
var Prestige, were investigated in terms of the BAC they contain [172]. Salidroside was
the primary point of interest as it is a phenol known to be neuroprotective towards HD.
Saccharomyces cerevisiae strains were used, and it was stated that this promising compound
required further research to be used in medicine formulations.

3.6.4. Other Nervous System-Related Symptoms

A study investigated the positive effects of blueberries on age-related attitude issues
by comparing the behavior patterns of mice on high-fat and low-fat diets [173]. Using
data from previous studies in literature, mice were put on high-fat diets, which caused
behavioral problems due to ROS generation and inflammation. It was seen that blueberry
supplementation on high-fat diet rats showed a significant improvement in their actions,
with these rats exhibiting similar patterns to those fed low-fat diets. Although it was
also stated that age and species of the mice could have differing impacts. Another study
explored the anti-inflammatory effects of blackberries mainly composed of anthocyanins in
their extracts on Wistar rats fed with a high-fat or a standard (control) diet, by the means
of cytokine antibody assays [174]. Similar to the abovementioned study, the rats fed with
a high-fat diet exhibited brain inflammation, which was significantly weakened by the
berry extracts. A study was conducted focusing on potential neuroprotective effects of
anthocyanins and acai berries extracts on Caenorhabditis elegans [175]. It was stated that
in addition to the antioxidant and neuroprotective effects, the anthocyanin rich extracts
were also able to mend the damage caused by A3. The chemotaxis of Afp-expressing
worms towards benzaldehyde are notably lowered; however, when treated with acai
extracts, these worms showed a 402% increased chemosensory response. A different study
on Caenorhabditis elegans showed that there was a likelihood of blueberries (Vaccinium
uliginosum) and lingonberries (Vaccinium vitis-idaea) having advantages towards aging
and neurodegenerative disorders [175]. An interesting study involving 35 beagle dogs
between the ages of 8 and 15 explored how brain-related issues associated with aging
would be influenced by berries [176]. The dogs were fed grape and blueberry extracts
over 75 days, and the outcome showed potential benefits towards memory, caused by the
positive effects of the berries towards oxidative stress. The beagles were subjected to a
delayed non-matching to position test to evaluate their baseline memory performance and
an enhanced cognitive performance was seen in relation to their baseline levels on dogs
fed with the extracts. An in vitro comparative study of blackberry extracts examined their
potential neuroprotective effects [177]. While the commercial blackberry did not exhibit
any effects, the wild blackberries showed to be promising in this sense as they increased
both mitochondrial transmembrane potential and cell membrane integrity. This difference
was attributed to their varying polyphenol composition and antioxidant capacity with the
R. brigantinus species having 60% higher antioxidant capacity than that of the commercial
blackberry.

A brief summary of selected studies investigating the health effects of berry fruits is
presented in Table 2.
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Table 2. Some selected studies related to the effect of berries on various health systems.
Berry/Extract Disease/Disorder/System Subject Significant Effects Reference
Lingonberry Gastromtestma.l system/oral In vivo (humans) | viable counts, YlSlb]e ple}que index and [44]
cavity probing bleeding
Black raspberry extract Gastrointestinal In vitro (microvascular endothelial Anti-inflammatory effect [47]
system/esophagus cells)
Black chokeberry extract Gastrointestinal system In vivo (rats) | gastric injury formation [57]
Goji berry extract Gastrointestinal system In vitro 71 the growth of probiotic bacteria [64]
Golden berry Metabolism/diabetes In vivo (humans) J blood glucose and 7 insulin resistance [72]
1 body weight
Mulberry extract Metabolism /obesity In vivo (hamsters) 1 lipolysis factor [85]
71 lipogenesis factor
Blueberry and mulberry Metabolism/obesity In vivo (mice) 1 lipid accumulation [87]
Lonicera caerulea berry Cardiovascular In vivo (rats) J total and LDL and 1 H]_DL cholesterol in [90]
system/cholesterol serum and liver
. Cardiovascular .
Aronia system/cholesterol In vivo (humans) | total and LDL cholesterol [103]
Cardiovascular . | systolic and diastolic :
Chokeberry system/hypertension In vivo (rats) blood pressure (1071
Cardiovascular . ..
Blueberry system/hypertension In vivo (rats) | the ACE activity [110]
Purple concord grape . 1 of y&-T cells and
(Vitis labrusca) Immune system In vivo (humans) | of inflammatory cytokine release [120]
. . 1 phagocytic cell
Chokeberry Immune system In vivo (mice) and T cell activities [121]
Elderberry Immune system In vivo (mice) l influenza A virus activity [130]
Elderberry extract Immune system In vitro J} TNF-« and IFN-y secretion [178]
In vitro (gastric-AGC and | viability and migration
Calafat berry extract Cancer gallbladder-G415 human cancer abrity anc migratio [139]
- capacity
cell lines)
Magqui berry extract Cancer In vitro (human colon cancer cell 1} cell growth ratios [144]
q y lines (HT-29 and Caco-2)) &
Golden berry extract Cancer In vitro (non—sma!l cell lung | tissue factor expression [145]
cancer cell lines) and procoagulant activity
Anthos berry extract Cancer In vitro (ovarian cancer cells) | p-glycoprotein level [148]
In vivo and in vitro (oral | viability, proliferation, migration and
Bilberry Cancer squamous cell carcinoma invasion of [179]
cells-HSC-3 and zebrafish) HSC-3 cells and tumor area in zebrafish
Blueberry extract Cancer In vitro (C6 rat glioma cell line) | viability, prohferahorp size of the colonies [180]
and cell migration
In vitro (highly aggressive human | proliferative and invasive potentials of
Crataegus berry extract Cancer glioblastoma U87MG cell line) glioblastoma cells [181]
Andean berry Cancer In vitro (hume}n SW480 colon | proliferative potenhal, [182]
adenocarcinoma cells) 1 late apoptosis stage
In vitro (human stomach-AGS, 1 pro-apoptotic activity and early apoptosis
Blackberry extract Cancer colon-SW620, liver-HepG2 and stage [183]
skin-SK-Mel-28 cell lines) 8
. Cranberry Alzheimer’s Disease In vivo (Caenorhabditis elegans) > [157]
(Vaccinium macrocarpon)
Blueberry Alzheimer’s Disease In vivo (mice) 1 memory and learning advancements [158]
" Ty . 1 Cell viability Tas
Goji berry powder Alzheimer’s Disease In vitro 1 AB production [184]
Strawberry extract Alzheimer’s Disease In vivo (Caenorhabditis elegans) 1 AP and ROS production [183]
Blueberry extract Alzheimer’s Disease In vivo (mice) + A induced cytotoxicity [185]
1 Autophagy
Strawberry Alba extract Alzheimer’s Disease In vitro | Oxidative DNA damage [186]
Blueberry, Strawberry Parkinson’s Disease In vivo (human) J the risk of disease [165]
Mulberry Parkinson’s Disease In vivo (mice) R [166]
Raspberry extracts (Rubus . Ty . i
idaeus and var Prestige) Huntington’s Disease In vivo (Saccharomyces cerevisiae) “ [171]
Chilean berry (Ugni Huntington’s Disease In vitro | Abnormal protein aggregation [187]

Molinae) extract
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Table 2. Cont.

Berry/Extract Disease/Disorder/System Subject Significant Effects Reference
Blueberry (Vaccinium ashei) Nervous System In vivo (mice) | recognition memory deficits [172]
Blackberry Nervous System In vivo (Wistar rats) J brain inflammation [173]
Acai Nervous System In vivo (Caenorhabditis elegans) <« for neural activities [174]
Blueberries (Vacciniurm > against aging and neurodegenerative
uliginosun) and lingonberries Nervous System In vivo (Caenorhabditis elegans) & EME ¢ & [175]
e .. 00 disorders
(Vaccinium vitis-idaea)
Grape and blueberry Nervous System In vivo (dogs) 1 memory [176]
Blackberry (Rubus brigantinus, Nervous System In vitro < for neural activities [177]

Rubus vagabundus)

References

> Protective effect. 7: Increased/induced. |: Decreased /reduced.

4. Conclusions

The purpose of this review was to provide an overview of the recent studies investi-
gating the health benefits of berry phenolics from the frame of food science and nutrition.
As demonstrated from the studies covered in this paper, berry phenolics have protecting,
supporting, alleviating, and curing potentials for many system diseases, including cardio-
vascular, immune, gastrointestinal, and nervous systems, when they are included in the
routine daily diet. Furthermore, some studies state that they have a significant protective
effect on cancer, which is a disease whose abundance is increasing due to today’s lifestyle
as well as many other affecting factors. Along with this, it was also demonstrated quite
repeatedly in literature that the positive effects of berries on health are related to the high
levels of phenolic compounds they contain with varying types and contents differing for
each berry species as well as other external factors such as climate or cultivation. Studies
on the health promoting effects of berries are mostly animal based or in vitro clinical trials.
Further research regarding how the outputs of animal studies could be interpreted /adapted
for the human body is required in order to gain a more comprehensive understanding of
the subject. Despite the positive effects observed in studies that were conducted so far, the
mechanism of action for some diseases has not been fully explained and since berries have
rich phenolic contents, they tend to interfere/act through more than one mechanism in
some diseases. Nevertheless, further studies should be carried out to reveal the mechanisms
of berry bioactives in order to better understand their promising health effects. Moreover,
designing the studies to include different parameters and using a high number of subjects
in the trials would help to provide the effect of treatment-supported consumption of berry
fruits for individuals.
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