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Abstract: Flavonoids are a significant group of secondary metabolites in plants. Many of
these compounds are potent antioxidants, being an important part in food products derived
from the plants. The current status of research on flavonoid compounds in the fruit of
Saskatoon berries (Amelanchier alnifolia Nutt.) and their health promoting effects, including
recommended utilization, are reviewed. The major classes of flavonoids in the fruit are
flavonols (quercetin and rutin), flavanes (proanthocyanidin compounds ranging from
dimers through to heptamers and even higher polymers) and finally anthocyanins. The
flavonoids represented the group of polyphenols that mostly contributed to the antioxidant
activity of Saskatoon berries. High content of the flavoinoids antioxidants in the fruit is
responsible for the observed anti-inflammatory, antidiadiabetic and chemo-protective effects.
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1. Introduction

Amelanchier alnifolia Nutt. (Saskatoon berry, Juneberry, or serviceberry, Western Serviceberry,
Alder-Leaf Shadbush, Dwarf Shadbush, Western Juneberry) is a deciduous shrub that is a native
species of the Northern prairies and plains of North America [1]. The fruit is reported as a berry, but it
is actually a pome fruit belonging to in the pome fruit family (Rosacea) [2]. The “berries” are sweet
and edible, but sometimes quite seedy [3]. Saskatoon fruits have excellent flavour attributes when
consumed as fresh fruit or processed foods and have the potential to be an economically important fruit
crop (similar to blueberries) in Canada. The economic role is emphasized by a fact that saskatoons can
be produced in commercially acceptable amounts in Western Canada [1]. Currently, saskatoon fruits
are consumed in North America as a fresh fruit or in processed food products such as pies, jams, and
jellies. The most common cultivars used by growers include Honeywood, Martin, Northline, Pembina,
Smoky and Thiessen [4].

In the last two decades, the Saskatoon berry has been cultivated in many parts of the world [5] for
its suitability for various food products and due to its high content of nutrients and polyphenols [6].
Saskatoon berries have an appearance and taste similar to blueberries, but they have a thicker skin and
juice. Fresh fruit contains relatively large amounts of potassium, iron and magnesium [7]. Saskatoons
appear to be an excellent source of manganese, magnesium, iron, calcium, potassium, copper and
carotene. Besides the metal micronutrients, berries of 4. alnifolia contain phenolic acids including
3-feruloylquinic, chlorogenic, and 5-feruloylquinic acids [8,9]. Saskatoon berries are especially rich in
anthocyanins and flavonoid compounds, including rutin, hyperoside, avicularin and quercetin [4,5,7].

Recent research indicates that Saskatoon berries have higher levels of antioxidants compared to the
more common berries such as wild blueberries, strawberries and raspberries [10]. In their review,
Ozga et al. [11] summarized research on nutrient components in saskatoon fruits. The objective of
their study was focused on anthocyanins as potential nutraceuticals. On the other hand, there is no
review on flavonoid content of A. alnifolia in the current literature. Up to now A. alnifolia has been
used as an ornamental plant species in Slovak and Czech Republic. Recently, the cultivation of
Amelanchier combining decorative quality and high biological value of fruit has been gaining in
popularity. For the reason, we decided to review the recent research on this neglected species in the
territory of Slovakia and Czech Republic.

2. Flavonoids of Saskatoon Berries

Currently, increasing attention is being paid by consumers to the lesser known fruits which have
unusual flavours and qualities. Many of these fruits are rich in antioxidants, especially anthocyanins
and proanthocyanidins [12,13]. The demand for saskatoon fruit is increasing in both domestic and
international markets because of their excellent flavour and reported health benefits attributed to the
flavonoid content [14,15]. In an example, phenolic acids, anthocyanins and a series of proanthocyanidin
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polymers had been revealed in A. alnifolia extracts [6]. The authors studied polyphenolic profile of
saskatoon berries from four Finnish cultivars. HPLC-analysis revealed over 30 individual phytochemicals
in a saskatoon plant. The main berry components were cyanidin-based anthocyanins (63% of the total
phenols), quercetin-derived flavonol glycosides, and hydroxycinnamic acids, especially chlorogenic
acid [6]. The polyphenolic composition varied among plant parts and the concentrations of compounds
varied among cultivars. The most significant cultivar differences were detected in the accumulation of
polyphenols in berries.

The major phenolic components in Saskatoon berries are flavonoids [12], including proanthocyanin
(PA) [16,17] and anthocyanins [18]. Flavonoid compounds from the fruit include also rutin, hyperoside,
avicularin, and quercetin. The total content of the anthocyanin-, flavonol-, and hydroxycinnamate-type
phenolics detected in mature “Smoky” saskatoon fruit was 140, 25, and 96 mg/100 g fresh weight,
respectively [10]. Structures of the aforementioned compouds are depicted in Figure 1.

Figure 1. Structures of chosen flavonoid compounds presented in “Smoky” saskatoon fruit.
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ROP et al. [19] measured the total flavonoid content in nine cultivars bred in the Czech Republic
and Canada. The highest content of flavonoids was examined in the “Smoky” (550.5 £ 20.5 mg of
rutin’kg FW), “Thiessen” (531.2 + 17.7 mg/kg), and above all “Tisnovsky” (562.8 + 20.0 mg/kg)
cultivars. Mazza [20] noticed a similar total flavonoid content value of 530 mg/kg FM in the “Smoky”
cultivar. According to results of Jurikova et al. [21], Amelanchier “Tistovsky” and “Smoky”, together
with Morus nigra “Jugoslavska”, accumulated the highest levels of examined polyphenolic compounds
and flavonoids.

On the other hand, most flavonoid identification and quantification studies are limited to mature
saskatoon fruit [22,23], with minimal attention paid to developing fruit. Generally, fruit ripening in
saskatoon fruit has been categorized into nine maturity stages [24,25]. Fruit maturity stages 5 to 9 are
characterized by increasing anthocyanin content.

3. Anthocyanins

Phenolic compounds, particularly the anthocyanins, appear to be the major functional components
of blueberries and saskatoon berries. The common structure of anthocyanins is depicted in Figure 2.
Values of total anthocyanin content of Saskatoon berries range between 25.1 and 179 mg/100 g of
berries fresh weight (FW) [26,27]. The anthocyanidin content reaches a mean value of
111.1 £ 16.8 mg/100 g FW [14]. The total anthocyanin content in four Finnish cultivars varied between
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258.7 and 517.9 mg/100 fresh weight [14,22]. The total anthocyanin content (in mg/100 g FW) in
saskatoon fruit is comparable to that reported for other small fruits such as blackberries (Rubus spp.;
83-326), blueberries (25-495) and bilberries (Vaccinium myrtillus L.; 300-320) [28]. On the other
hand, the studies of Zatylny et al. [4] proved that the anthocyanin content in 16 cultivars of saskatoons
was not to as high as in blueberries.

Figure 2. Common structure of anthocyanins. The substituents A—G can be hydrogen,
hydroxyl, or methoxyl. Anthocyanins are frequently glycated through hydroxyl substituent D.
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Anthocyanins are more likely to occur in glycoside form [9]. Compared with other fruits at maturity
such as blueberry and grape (Vitis vinifera L.), which can contain over 20 anthocyanins [28§],
saskatoons have a relatively simple anthocyanin complement [11].

Previous studies on the anthocyanin and flavonol profiles of mature saskatoon fruit have found
cyanidin to be a major anthocyanin aglycone. Galactose, glucose, arabinose and xylose are the major
sugar units attached at the C3 position of cyanidin in an O-glycosylated form [17]. There are at least
four anthocyanins in ripe saskatoon berries, of which cyanidin 3-galactoside and 3-glucoside account
for about 61% and 21% of the total anthocyanins, respectively [26]. The content of cyanidin-3-
galactoside was 115 mg/100 g and that of cyanidin-3-glucoside (Figure 3) 54 mg/100 g [14].

Figure 3. Structure of cyanidin-3-glucoside.

OH

OH
HO N O
O o OH
OH 1o 587

OH ©OH

Hosseinhian ef al. [29] reported that the Saskatoon berry and wild blueberry in Canada
also contained higher amounts of delphinidin 3-glucoside, malvidin-3-glucoside (Figure 4), and
malvidin-3-galactoside. Mazza [18] also identified the presence of cyanidin 3-xyloside in the plants.
ESI—mass spectral analysis provided the first documentation of petunidin 3-glucoside/galactoside,
cyanidin 3,5-diglucoside in Saskatoon berries [30].
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Figure 4. Structure of malvidin-3-glucoside or oenin in some sources.
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Ozga et al. [12] characterized the anthocyanins profile of Saskatoon berries using high-performance
liquid chromatography, gas chromatography, and liquid chromatography-mass spectrometry. Cyanidin
3-0O-galactoside, cyanidin 3-O-glucoside, cyanidin 3-O-arabinoside, and cyanidin 3-O-xyloside were
identified as the four major anthocyanins in the mature fruit.

Source, year of production and relative maturity stage of berries at harvest time are important
factors influencing total anthocyanin and total phenolic content in the Saskatoon berry fruit [31].
Especially catechin (Figure 5) changes its level as the conditions vary.

Figure S. Structure of catechin.
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Total anthocyanin content was different among cultivars in these studies. Indeed, anthocyanin
levels differed in the same cultivars between studies. This might due to differences in growing
conditions (including soil type and water availability), year of harvest, and the length of storage period.
Very important factor influence the anthocyanins content is the stage of fruit maturity. Indeed, the
anthocyanin content of the three major anthocyanins in saskatoon fruit increased twofold from stage 7
to stage 8, and again twofold from stage 8 to stage 9 in cv. “Smoky” [11].

A reduction in anthocyanin content has been observed during cold storage of saskatoon fruit [24,32].
Rogiers et al. [32] reported that the greatest reduction in anthocyanin content of saskatoons (cvs.
Northline, Smoky, Pembina and Thiessen) occurs within the first 11 days of cold storage at 0.5 °C.
Bakowska et al. [17] assayed the anthocyanins for 17 different cultivars of Saskatoon berry grown in
Canada in fresh fruit and stored by freezing at —20 °C for nine month. Among the assayed cultivars,
“Nelson” was the richest in total polyphenols and anthocyanins content (801 mg/100 g FW).
Cultivar-dependent changes in polyphenol content were observed after freezer storage at —20 °C for
nine month, in the “Lee” cultivar, significant increases in anthocyanins and flavonols occurred, while
in “Lee 3” and “Martin” cultivars considerable decreases were observed.

Zatylny et al. [4], in accord with the previous study, noticed that the fruit of “Nelson”, in spite of
having superior physicochemical properties (the highest content of anthocyanins, high contents of total
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and soluble solids, high acidity, low SS/TA, low pH), did not have the most appealing flavour when
eaten fresh. At the same time, this cultivar was the most suitable for storage by freezing.

High levels of anthocyanins in Saskatoon berries have been associated with many factors that
correspond to factors known to stabilize anthocyanins in various fruits, these including high total
phenolics, total acids and lower pH along with a low sugars to acids ratio [4,18]. Correlations between
anthocyanin content and fruit pH represented (» = —0.41, p < 0.001) and titratable acidity (» = 0.53,
p < 0.001). These results indicate that fruit with high acidity tended to have higher anthocyanin
content. On the other hand, no relationships were found between anthocyanin content, fruit weight and
total solids [4]. Fukumoto et al. [33] on comparison of several berry extracts also found similar
relation between anthocyanins and total phenolic compounds in blueberry and Saskatoon berry
(“Smoky”) extracts.

4. Proanthocyanidins

Proanthocyanidins (condensed tannins), as the second most abundant group of natural phenolics
after lignins, are oligomers and polymers of flavan-3-ol units widely present in, in fruits, berries, nuts
and seeds [34-36]. Proanthocyanidins, for example, are colorless oligomers and polymers of
(flavan-3-ol units) that have demonstrated anti-adhesion, anti-cancer, and antioxidant properties [37].
The degree of polymerization of proanthocyanidins has been shown to influence their activity [38].

Generally, the highest contents of proanthocyanidins per fresh weight were determined in
chokeberries, rose hips and cocoa prosucts. Berries and fruits were generally the best sources of
proanthocyanidins whereas most of the vegetables, roots and cereals lacked them completely. In
berries the considerable variation in proanthocyanidins content was observed [23,38]. Among berries
substantial amounts of proanthocyanidins are found in blackthorns, chokeberries, saskatoon berries,
blueberries, cranberries, and lingonberries [39—44].

It can be mentioned that saskatoon berry proanthocyanidins are very similar to apple procyanidins.
As one of the main subclasses of flavonoids, PAs (oligomeric and polymeric flavan-3-ols, also known
as condensed tannins due to their brown oxidation color) are widely distributed in many types of fruits,
where they provide flavor and astringency to the fruit when consumed [45].

Saskatoon cultivars were also rich in proanthocyanidins: 3% of dry berry biomass and 10%—14% of
dry biomass of stems and leaves. Cultivars were observed to be similar in their proanthocyanidin
contents [6]. Kraft et al. [30] the first time noticed the presence of catechin/epicatechin, epicatechin
gallate, and the proanthocyanidin series in this species by ESI—mass spectrophotometry analysis.

The major proanthocyanidins (flavanols) present in the whole fruit, juice, and pulp of strawberry,
Saskatoon berry, raspberry, wild blueberry, chokecherry, and seabuckthorn were measured by
Hosseinan et al. [22]. The extraction and purification were facilitated using flash column chromatography,
while separation and identification were accomplished by using HPLC and LC-MS techniques. The
highest concentration of proanthocyanidin in juice was found in Saskatoon berry (1,363 mg/100 mL)
and the lowest value in strawberry (622 mg/100 mL).

Proanthocyanidin oligomers with different degrees of polymerization were isolated from Saskatoon
berries (Amelanchier alnifolia Nutt.) by means of gel adsorption and normal-phase liquid chromatography.
The proanthocyanidins were identified using electrospray ionization mass spectrometry, nuclear
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magnetic resonance spectroscopy, and thiolytic degradation coupled with reversed-phase liquid
chromatography. The results established that Saskatoon berries proanthocyanidins are essentially of
procyanidin type, consisting mainly of epicatechin (2R,3R derivative of catechin depicted in Figure 5)
units linked by B-type bonds [16]. This is in accord with apple and ligonberries samples but in contrast
with grape. In grape samples, they are mixtures of procyanidins, partly esterified with gallic acid, and
prodelphinidins [46].

Hellstrom et al. [23] developed a method for the determination of extractable and unextractable
proanthocyanidins to the analysis of several fruit and berry samples. Suitability of the method was
tested by analyzing of several plant material including Saskatoon berries. Extractable proanthocyanidins
were separated according to their degree of polymerization using normal phase HPLC. Unextractable
proanthocyanidins were measured after acid-catalyzed depolymerization as flavan-3-ols (terminal
units) and benzylthioethers (external units). Electrospray ionization mass spectrometry (ESI-MS) was
used for the identification of proanthocyanidins in the samples. Proanthocyanidin content in Saskatoon
berry was 276 mg/100 g; over one-third of these compounds were determined to be unextractable.
Extractable proanthocyanidins were represented by P1 (21.4 + 0.4), P2 (20.2 + 0.7), P3 (21.7 + 1.3),
P4-6 (46.1 +3.7), P7-10 (21.0 £ 1.9) [1P10 (44.6 £ 4.1), total extractable took 175 + 12 mg/100 g FW
+ standard deviation). Unextractable procyanidins created smaller fraction DP 8.2 + 0.1, in total
101 £ 9 (FW = standard deviation).

Hosseinian et al. [16] measured the content of extractable proanthocyanidins in Manitoba berries,
including Saskatoon. The result reported there in (369 mg/100 g) is somewhat higher than that in the
present study. Different cultivars and climatic conditions as well as methodological differences may
explain the divergence [47]. The mDP of PAs varied (5 to 13) also among the cultivars studied. The
highest level of proanthocyanidins was proved in “Nelson” cultivar. In a total, 278 mg/100 g FW of
proanthocyanidins was found in the samples [17].

5. Flavonols

Quercetin (Figure 6) was found to be the major flavonol aglycone and quercetin 3-O-galactoside
(Figure 3) was the most abundant flavonol in the fruit of most saskatoon cultivars. Quercetin levels
reach up to 16.95 mg/100 g. The major flavonols identified in mature saskatoon fruit include the
quercetin-diglycosides (quercetin 3-O-rutinoside, quercetin 3-O-robinobioside, and quercetin 3-O-
arabinoglucoside) and the quercetin-monoglycosides (quercetin 3-O-galactoside, quercetin 3-O-
glucoside, quercetin 3-O-arabinoside, and quercetin 3-O-xyloside [12].

Figure 6. Structure of quercetin.
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Gazdik et al. [48] primarily focused their study on basic electrochemical behavior of rutin and
quercitrin in samples of neglected fruit species—Chinese hawthorn, Saskatoon berry and honeyberry.
The results displayed higher content of quercitrin in L. edulis (220 mg/kg) and A. alnifolia (230 mg/kg
FW) fruits. Saskatoon berries, showed the highest levels of quercitrin, (Amelanchier alnifolia Nutt.
Bunge) in cultivars “Martin” 231 + 1.4 mg/kg (Amelanchier alnifolia Nutt. Bunge), “Northline”
233 + 1.9 mg/kg among studied samples of lesser known fruit species—Crateagus pinnatifida Bunge,
Lonicera edulis “Sinoglaska”. Among another lesser known fruit species quercitrin levels above
100 mg/kg were determined in black mulberry “Jugoslavska” (143 mg/100 g), “Amur” (126 mg/100 g)
and “Thiessen” (124 mg/100 g) [21].

Gazdik et al. [49] used a HPLC—EDE system for identification and quantitative determination of
neuroprotective flavonols—rutin, quercetin, quercitrin (Figure 7) and their glycosides in lesser known
fruit species. The results of experiment showed that fruit of Amelanchier canadensis had almost four
times higher content of neuroprotective flavonols (rutin, quercetin and quercitrin) compared to berries
of sea buckthorn and cornelian cherry Results of their experiment showed, that Amelanchier berries
(A. canadensis, A. alnifolia “Thiesen” had generally 2—3 times higher content in quercetin glycosides
than in berries of sea buckthorn samples (“Buchlovicky”, “Pavlovsky”, “Peterbursky” and
“Vitaminova”). Saskatoon berries appears to be similar in rutin content to berries of blue honeysuckle
5-32 mg/100 g FW reported by Jurikova et al [50]. Rich sources of rutin were presented in A. alnifolia
cultivars “Martin” 34.2 &+ 3.7 and “Northline” 20.8 = 2.1 mg/100 g FW [19].

Figure 7. Structure of quercitrin.

According to the results from a comparative study of polyphenolic content in lesser known fruit
species both analyzed cultivars of Saskatoon berry can be characterized by exceptionally high value of
quercetin 23.6 mg/100 g in “Thiessen” respectively 30.7 mg/100 g in “Smoky”. The concentration of
rutin in “Thiessen” was two times higher [21] than reported for samples from Amelanchier “Martin” [19].

Although the major anthocyanin and flavonol compounds in mature saskatoon fruit have been
identified by Ozga et al. [12], minimal information exists on the temporal and spatial accumulation
patterns of these two classes of flavonoids over fruit development.

Knowledge of the phenolic composition of mature saskatoon fruit, especially anthocyanins,
flavonols can help to better understanding of Saskatoon berries antioxidant properties and health
promoting activity.
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6. Biological Activity of Saskatoon Berry Flavonoid

Historically, the native people used Saskatoon berries for many things. A weaker mixture of fruit
tonic was also used to ease stomach and liver troubles. Beside problems with the gastrovascular cavity,
they treated sore eyes with the berries. The settlers adopted the saskatoon as a medicine as well.
Diarrhea was treated with crushed green berries [3]. Due to a high content of antioxidant compounds,
the dietary intake of Saskatoon fruit has a positive and profound impact on human health, performance
and disease [17].

6.1. Antioxidant Activity of Fruit

The antioxidant activity is defined as an ability of the compound (or mixture of compounds) to
inhibit oxidative reaction of various biomolecules (e.g., prevent the peroxidation of lipids) [51-54].
Methods of the antioxidant activity determination are usually based on the direct reaction of the
studied molecule with radicals (scavenging) or on the reaction with ransition metals [55-58].
The current research is very scant in terms of the antioxidant activity of Saskatoon berries. It is
important to print out that vitamin C is not present in any appreciative amounts in Saskatoon berries
fruits [59]. The aforementioned antioxidant capacity of Saskatoon berries does not come from ascorbic
acid, contrary to the findings in other similar soft fruit. For this reason, different biological effects
during the course of the berries consumption can be anticipated when compared to consumption of
other fruits containing high amounts of ascorbic acid.

The results of Fukumoto et al. [33] suggested that fruit extract has both prooxidant and antioxidant
activity. In the study by Wang ef al. [60], it was reported that anthocyanin in form of rich crude
extracts of phenolic compounds from several berries (Saskatoon berries, blueberries, blackberries and
black currants) is able to impair nitric oxide (NO) production. Ripe berry juice was said to to relieve
upset stomach. When boiled, it was used as ear drops against problems due to inflammation [61].
Its potential health benefits are similar to blueberries and cranberries [62].

The current studies have showed that two cultivars of Saskatoon berries, “Thiessen” and “Smoky”,
possess a high radical scavenging activity attributed to the presence of anthocyanin in the phenolic
fractions and their extracts suppressed peroxy-radical intracellular oxidation. Cultivar “Thiessen”
exhibited higher antioxidant activity compared to cultivar “Smoky” due to its higher anthocyanins
content. Total anthocyanins content significantly correlated to free radical scavenging activities [15].
According to Bakowska et al. [3], cultivar “Nelson” exhibited the highest antioxidant activity
measured by DPPH and ABTS radical tests (2.8 and 5.0 mM/100 g FW). During the freezer storage,
the antioxidant activity remained unchanged except for the “Smoky” that showed to be the most
sensitive cultivar during storage. On the other hand, Nelson and Lee 2 were the most stable cultivars
during the storage.

In the lipid peroxidation inhibitory assay, the anthocyanin mixture at 10 ppm presented activity of
72% compared to 89%, 87% and 98% for commercial antioxidants, butylated hydroxyanisole,
butylated hydroxyanisole, butylated hydroxytoluene and tert-butylhydroxylquinone at 1.67; 2.2; and
1.67 ppm respectively. At 10 ppm, cyaniding-3-galactoside, cyanidin-3-glucoside and cyanidin
inhibited lipid peroxidation in a range70% to 78% [14].
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Gazdik et al. [49] obtained flavonoid-rich samples from some less common fruit species—Blue
Honeysuckles (Lonicera Kamtschatica and Lonicera edulis, Turcz. ex. Freyn), Saskatoon berry
(4. alnifolia Nutt.) and Chinese Hawthorn (Crataegus pinnatifida BUNGE)—grown in the Czech
Republic and then characterized them in terms of biological value based on the results from a relative
antioxidant capacity assessment. The antioxidant content evaluation was based on the total flavonoid
amount, determined by liquid chromatography with electrochemical detection (HPLC-ED). A DPPH’
test was applied as a reference. The antioxidant content measured in Chinese Hawthorn fruit extract
identified it as a potent source of flavonoid antioxidants, with a content 9-fold higher than that seen in
Amelanchier fruit. Furthermore, the high correlation coefficient between total flavonoid content and
antioxidant capacity (R, = 0.8870; y = 156.52x — 228.53) was observed [19].

6.2. Anti-Inflammatory Activities

More recently, Wang et al. [19] found that a concentrated crude extract of A.alnifolia berries
inhibited nitric oxide production in activated macrophages, indicating a potential protective role
against chronic inflammation. Generally, all health promoting activities including anti-inflammatory
activity of berries are related to high anthocyanins and proanthocyanidins content [19]. Moreover,
Kay et al. [63] have confirmed that humans have the high capacity to metabolize cyanidin 3-glycosides,
present in fruit including saskatoon berries and blueberries. Concentrations of anthocyanins and
anthocyanin metabolites in the urine reached levels of 8.1 ug/mL within 5 h post-consumption and
persisted for 24 h in urine samples at levels of 5-6 ng/mL. In addition, total levels of anthocyanins and
anthocyanin metabolites detected in the serum were observed at a concentration of 312.4 ng/mL within
2 h post consumption. Cyanidin 3-galactoside accounted for 55.8% (4.46 ng) and 64.7% (202.24 ng)
of the detected anthocyanins, in the urine and serum samples respectively. The metabolites consisted
of glucuronide conjugates as well as methylated and oxidized derivatives of cyanidin 3-galactoside and
cyanidin 3-glucuronide. Therefore, the complement of anthocyanins in saskatoon fruit appears well
suited to contribute health benefits [11].

At 100 ppm, the anthocyanin mixture inhibited cyclooxygenase 1 (COX-1) and COX-2 enzymes at
66 and 67%, respectively. Anthocyanins inhibited COX-1 enzyme 50.5, 45.6 and 96.4% respectively at
100 ppm, whereas COX-2 inhibition was the highest for cyanidin at 75% [14]. From the aforementioned,
significant impact on inflammatory processes due to COX-2 and blood clotting due to COX-1 can be
anticipated in people with increased alimentation by the berries. Unfortunately, exact results from a
clinical investigation are still missing.

Bovin et al. [64] investigated the potential anti-inflammatory effects of Saskatoon berry juices in
relation to other berry crops. They tested ability of juices to inhibit TNF-induced expression of COX-2
in PC-3 cells. Results of experiment showed that several berry juices inhibited the expression of
COX-2 and can be ranked according to their inhibitory potency as: gooseberry (83%) > blackberry
(73%) = sea buckthorn (73%) = cranberry (73%) > raspberry (43%) = black currant (43%) > white
currant (49%) > serviceberry (38%) > high-bush blueberry (21%) > velvet-leaf blueberry (14%).
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6.3. Antitumor Activity

Wang et al. [60] demonstrated that phenolic compounds, especially flavonoids found in blueberries
and saskatoon berries, inhibited nitric oxide (NO) production in bacterial lipopolysaccharide/
interferon-y activated RAW 264.7 macrophages. Beside this, blueberry and saskatoon berry
anthocyanin-rich extracts both induced tumour necrosis factor a (TNF-a) production and acted as
modulators of the immune response in activated macrophages [62]. This research provides evidence
that phenolic compounds in saskatoon berries and blueberries are able to reduce the oxidative stress
mediated by NO. Suitability of the compounds for protection against cardiovascular and chronic
inflammatory diseases is discussed.

Boivin et al. [64] studied potential chemopreventive activities of edible berries. Strawberry,
raspberry, black currant, red currant, white currant, gooseberry, high-bush blueberry, low-bush
blueberry, velvet leaf blueberry, serviceberry, blackberry, black chokeberry, sea buckthorn and
cranberry were evaluated for antioxidant capacity, anti-proliferative activity, anti-inflammatory
activity, induction of apoptosis and cell cycle arrest.

The growth of various cancer cell lines, including those of stomach, prostate, intestine and breast,
was strongly inhibited by raspberry, black currant, white currant, gooseberry, velvet leaf blueberry,
low-bush blueberry, sea buckthorn and cranberry juice. Serviceberry juice was also a weak inhibitor of
cancer cell proliferation (0%—-30% inhibition at 50 uL/mL). On the other, the tested juice was very rich
for antioxidant capacity (14.6 umol TE/mL), extrapolation of the results to other flavonoid containing
food and beverages can disputable for the reason. Beside this, no correlation was found between the
anti-proliferative activity of berry juices and their antioxidant capacity (p > 0.05).

6.4. Hypoglycemic and Antidiabetic Effect

Anthocyanins and proanthocyanidins fraction of fruit act as hypoglycemic agents and strong
inhibitors of IL-1p and COX-2 gene expression. Berries also exhibited the activity to regulate lipid
metabolism (LIM, 2012). Fruit from the related species, 4. canadensis and A. arborea, also inhibited
cyclooxygenase-1 and -2 in vitro, indicating a role in moderating inflammation [14].

Kraft et al. [30] examined the antidiabetic activity of Saskatoon berries. The non-polar fraction of
A. alnifolia strongly inhibited an enzyme involved in the etiology of diabetic microvascular
complications, aldose reductase, with a proved inhibition of 82%. Polar berry fraction reduces
expression of IL-1B (one of the anti-inflammatory markers) and also improves glucose uptake via an
insulin-like effect. The crude extract and polar fraction, on the other hand, exhibited significant
capacity to improve glycogen accumulation at a basal state. Screening through a series of lipid
metabolism biomarkers (fatty acid oxidation and energy expenditure) further showed that these berries
had the ability to modulate lipid metabolism and energy expenditure consistent with amelioration of
metabolic syndrome. Saskatoon berry with a series of proanthocyanidin polymers, suggesting that higher
molecular weight proanthocyanidins may be integral to the improved glycogen accumulation [65].
Zhang et al. [66] identified the potential antidiabetic mechanism of serviceberry. Serviceberry plant
samples consisting of leaves, twigs, and leaves with berries were extracted and fractionated. Ethyl
acetate and water fractions were tested for inhibition of a-glucosidase activity in vitro. Diet-induced
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obese, hyperglycemic C57B16 mice were administered serviceberry leaf extract prior to sucrose-,
starch-, or glucose-loading to test for a-glucosidase inhibition and decreased post-prandial glycemic
response. In the course of screening for potential antidiabetic mechanisms, serviceberry leaf extracts
and subfractions demonstrated potent inhibitory activity against mammalian intestinal a-glucosidase
activity (EC 3.2.1.20).

7. Conclusions

Understanding the polyphenolic profile of lesser-known fruit species can stimulate an interest in
maximizing their nutritional effects in human diet. The main fraction of flavonoids responsible for
their health promoting activities are anthocyanins and proanthocyanidins. Proanthocyanids represent
compounds influence lipid metabolism and regulate level of glucose and glycogen accumulation.
Saskatoon berry anthocyanin-rich extracts both induced TNF-a and have anti-inflammatory effects.
We can conclude that Saskatoon berry has perspective potential in anticancer therapy and as an
important antidiabetic agent.

Acknowledgments

Author Jiri Sochor would like to express his thanks for CZ.1.07/2.3.00/30.0017 Postdocs in
Biological Sciences at MENDELU support. The paper was prepared under the support from Grant no.
QJ1310100 “Development and optimization methods for the determination of biogenic amines in response
to increasing health security of silage” funded by the National Agency for Agricultural Research.

Conflicts of Interest
The authors declare no conflict of interest.
References

1. St-Pierre, R.G.; Zatylny, A.M.; Tulloch, H.R. Evaluation of growth and fruit production
characteristics of 15 saskatoon (Amelanchier alnifolia Nutt.) cultivars at maturity. Can. J. Plant Sci.
2005, 85, 929-932.

2. Pruski, K.; Nowak, J.; Grainger, G. Micropropagation of 4 cultivars of saskatoon berry
(Amelanchier-alnifolia nutt). Plant Cell Tissue Organ Cul. 1990, 21, 103—109.

3.  Turner, N.J. Ethnobotany of coniferous trees in thompson and lillooet enterior salish of
British-Columbia. Econ. Bot. 1988, 42, 177-194.

4. Zatylny, A.M.; Ziehl, W.D.; St-Pierre, R.G. Physicochemical properties of fruit of 16 saskatoon
(Amelanchier alnifolia Nutt.) cultivars. Can. J. Plant Sci. 2005, 85, 933-938.

5. Seeram, N.P. Berry fruits: Compositional elements, biochemical activities, and the impact of their
intake on human health, performance, and disease. J. Agric. Food Chem. 2008, 56, 627—629.

6. Lavola, A.; Karjalainen, R.; Julkunen-Tiitto, R. Bioactive Polyphenols in Leaves, Stems, and
Berries of Saskatoon (Amelanchier alnifolia Nutt.) Cultivars. J. Agric. Food Chem. 2012, 60,
1020-1027.



Molecules 2013, 18 12583

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Mazza, G. Chemical-composition of saskatoon berries (Amelanchier-alnifolia nutt). J. Food Sci.
1982, 47, 1730-1731.

Rogiers, S.Y.; Knowles, N.R. Physical and chemical changes during growth, maturation, and
ripening of saskatoon (Admelanchier alnifolia) fruit. Can. J. Bota. 1997, 75, 1215-1225.

Sergeeva, N.V.; Shapiro, D.K.; Bandyukova, A.A.; Ankhimovskaya, L.V.; Narizhnaya, T.I.
Phenol acids of amelanchier sanguinea and Amelanchier-oligocarpa. Khimiya Prirodnykh
Soedinenii 1979, 32, 98-99.

Heinonen, [.M.; Lehtonen, P.J.; Hopia, A.I. Antioxidant activity of berry and fruit wines and
liquors. J. Agric. Food Chem. 1998, 46, 25-31.

Ozga, J.A.; Saeed, A.; Reinecke, D.M. Anthocyanins and nutrient components of saskatoon fruits
(Amelanchier alnifolia Nutt.). Can. Plant Sci. 2006, 86, 193—197.

Ozga, J.A.; Saeed, A.; Wismer, W.; Reinecke, D.M. Characterization of cyanidin- and quercetin-
derived flavonolds and other phenolics in mature saskatoon fruits (Amelanchier alnifolia Nutt.).
J. Agric. Food Chem. 2007, 55, 10414—10424.

Ercisli, S.; Orhan, E.; Ozdemir, O.; Sengul, M. The genotypic effects on the chemical composition
and antioxidant activity of sea buckthorn (Hippophae rhamnoides L.) berries grown in Turkey.
Sci. Hortic. 2007, 115, 27-33.

Adhikari, D.P.; Francis, J.A.; Schutzki, R.E.; Chandra, A.; Nair, M.G. Quantification and
characterisation of cyclooxygenase and lipid peroxidation inhibitory anthocyanins in fruits of
Amelanchier. Phytochem. Anal. 2005, 16, 175-180.

Hu, C.; Kwok, B.H.L.; Kitts, D.D. Saskatoon berries (Amelanchier alnifolia Nutt.) scavenge free
radicals and inhibit intracellular oxidation. Food Res. Int. 2005, 38, 1079-1085.

Hellstrom, J.; Sinkkonen, J.; Karonen, M.; Mattila, P. Isolation and structure elucidation of
procyanidin oligomers from saskatoon berries (Amelanchier alnifolia). J. Agric. Food Chem.
2007, 55, 157-164.

Bakowska-Barczak, A.M.; Kolodziejczyk, P. Evaluation of Saskatoon Berry (4Amelanchier
alnifolia Nutt.) Cultivars for their Polyphenol Content, Antioxidant Properties, and Storage
Stability. J. Agric. Food Chem. 2008, 56, 9933-9940.

Mazza, G. Anthocyanins and other phenolic-compounds of saskatoon berries (Amelanchier-
alnifolia nutt) J. Food Sci. 1986, 51, 1260—1264.

Rop, O.; Reznicek, V.; Mlcek, J.; Jurikova, T.; Sochor, J.; Kizek, R.; Humpolicek, P.; Balik, J.
Nutritional values of new Czech cultivars of Saskatoon berries (Admelanchier alnifolia Nutt.).
Hortic. Sci. 2012, 39, 123-128.

Mazza, G. Compositional and functional properties of Saskatoon berry and blueberry. Int. J.
Fruit Sci. 2005, 5, 99-118.

Jurikova, T.; Sochor, J.; Rop, O.; Mlcek, J.; Balla, S.; Szekeres, L.; Zitny, R.; Zitka, O.; Adam, V.;
Kizek, R. Evaluation of Polyphenolic Profile and Nutritional Value of Non-Traditional Fruit
Species in the Czech Republic—A Comparative Study. Molecules 2012, 17, 8968—8981.
Hosseinian, F.S.; Beta, T. Saskatoon and wild blueberries have higher anthocyanin contents than
other Manitoba berries. J. Agric. Food Chem. 2007, 55, 10832—10838.

Hellstrom, J.K.; Mattila, P.H. HPLC determination of extractable and unextractable
proanthocyanidins in plant materials. J. Agric. Food Chem. 2008, 56, 7617-7624.



Molecules 2013, 18 12584

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Rogiers, S.Y.; Knowles, N.R. Effects of storage temperature and atmosphere on Saskatoon
(Amelanchier alnifolia Nutt) fruit quality, respiration and ethylene production. Postharvest Biol.
Technol. 1998, 13, 183-190.

McGarry, R.; Ozga, J.A.; Reinecke, D.M. The effects of ethephon on saskatoon (Amelanchier
alnifolia Nutt.) fruit ripening. J. Am. Soc. Hortic. Sci. 2005, 130, 12—17.

Green, R.C.; Mazza, G. Relationships between anthocyanins, total phenolics, carbohydrates,
acidity and color of saskatoon berries. Can Inst. Food Sci. Technol. J. 1986, 19, 107—113.
McGarry, R.; Ozga, J.A.; Reinecke, D.M. Differences in fruit development among large- and
small-fruited cultivars of saskatoon (Admelanchier alnifolia). J. Am. Soc. Hortic. Sci. 2001, 126,
381-385.

Mazza, G.; Miniati, E. Anthocyanins in Fruits, Vegetables, and Grains; CRS Press: Boca Raton,
FL, USA, 1993.

Hosseinian, F.S.; Li, W.; Hydamaka, A.W.; Tsopmo, A.; Lowry, L.; Friel, J.; Beta, T.
Proanthocyanidin profile and ORAC values of manitoba berries, chokecherries, and seabuckthorn.
J. Agric. Food Chem. 2007, 55, 6970-6976.

Kraft, T.F.B.; Dey, M.; Rogers, R.B.; Ribnicky, D.M.; Gipp, D.M.; Cefalu, W.T.; Raskin, L
Lila, M.A. Phytochemical composition and metabolic performance-enhancing activity of dietary
berries traditionally used by native North Americans. J. Agric. Food Chem. 2008, 56, 654—660.
Green, R.C.; Mazza, G. Effect of catechin and acetaldehyde on color of saskatoon berry pigments
in aqueous and alcoholic solutions. Can. Inst. Food Sci. Technol. J. 1988, 21, 537-544.

Rogiers, S.Y.; Knowles, N.R. Efficacy of low O-2 and high CO, atmospheres in maintaining the
postharvest quality of saskatoon fruit (dmelanchier alnifolia Nutt.). Can. J. Plant Sci. 2000, 80,
623-630.

Fukumoto, L.R.; Mazza, G. Assessing antioxidant and prooxidant activities of phenolic
compounds. J. Agric. Food Chem. 2000, 48, 3597-3604.

He, F.; Pan, Q.H.; Shi, Y.; Duan, C.Q. Chemical Synthesis of Proanthocyanidins in Vitro and
Their Reactions in Aging Wines. Molecules 2008, 13, 3007-3032.

He, F.; Pan, Q.H.; Shi, Y.; Duan, C.Q. Biosynthesis and Genetic Regulation of Proanthocyanidins
in Plants. Molecules 2008, 13, 2674-2703.

Gu, L.W.; Kelm, M.A.; Hammerstone, J.F.; Beecher, G.; Holden, J.; Haytowitz, D.; Gebhardt, S.;
Prior, R.L. Concentrations of proanthocyanidins in common foods and estimations of normal
consumption. J. Nutr. 2004, 134, 613—-617.

Santos-Buelga, C.; Scalbert, A. Proanthocyanidins and tannin-like compounds—Nature, occurrence,
dietary intake and effects on nutrition and health. J. Sci. Food Agric. 2000, 80, 1094—-1117.

Ursini, F.; Rapuzzi, 1.; Toniolo, R.; Tubaro, F.; Bontempelli, G. Characterization of antioxidant
effect of procyanidins. Methods Enzymol. 2001, 335, 338-350.

Gu, L.W.; Kelm, M.A.; Hammerstone, J.F.; Beecher, G.; Holden, J.; Haytowitz, D.; Prior, R.L.
Screening of foods containing proanthocyanidins and their structural characterization using
LC-MS/MS and thiolytic degradation. J. Agric. Food Chem. 2003, 51, 7513-7521.
Maatta-Riithinen, K.R.; Kamal-Eldin, A.; Mattila, P.H.; Gonzalez-Paramas, A.M.; Torronen, A.R.
Distribution and contents of phenolic compounds in eighteen Scandinavian berry species.
J. Agric. Food Chem. 2004, 52, 4477—-4486.



Molecules 2013, 18 12585

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Buendia, B.; Gil, M.L.; Tudela, J.A.; Gady, A.L.; Medina, J.J.; Soria, C.; Lopez, J.M.;
Tomas-Barberan, F.A. HPLC-MS Analysis of Proanthocyanidin Oligomers and Other Phenolics
in 15 Strawberry Cultivars. J. Agric. Food Chem. 2010, 58, 3916-3926.

White, B.L.; Howard, L.R.; Prior, R.L. Release of Bound Procyanidins from Cranberry Pomace
by Alkaline Hydrolysis. J. Agric. Food Chem. 2010, 58, 7572-7579.

Wu, X.L.; Gu, L.W.; Prior, R.L.; McKay, S. Characterization of anthocyanins and proanthocyanidins
in some cultivars of Ribes, Aronia, and Sambucus and their antioxidant capacity. J. Agric.
Food Chem. 2004, 52, 7846-7856.

Howard, L.R.; Castrodale, C.; Brownmiller, C.; Mauromoustakos, A. Jam Processing and Storage
Effects on Blueberry Polyphenolics and Antioxidant Capacity. J. Agric. Food Chem. 2010, 58,
4022-4029.

Aron, P.M.; Kennedy, J.A. Flavan-3-ols: Nature, occurrence and biological activity. Mol. Nutr.
Food Res. 2008, 52, 79-104.

Hellstrom, J.K.; Torronen, A.R.; Mattila, P.H. Proanthocyanidins in Common Food Products of
Plant Origin. J. Agric. Food Chem. 2009, 57, 7899—7906.

Jurikova, T.; Sochor, J.; Rop, O.; Mlcek, J.; Balla, S.; Szekeres, L.; Adam, V.; Kizek, R.
Polyphenolic Profile and Biological Activity of Chinese Hawthorn (Crataegus pinnatifida
BUNGE) Fruits. Molecules 2012, 17, 14490—-14509.

Gazdik, Z.; Krska, B.; Adam, V.; Saloun, J.; Pokorna, T.; Reznicek, V.; Horna, A.; Kizek, R.
Electrochemical Determination of the Antioxidant Potential of Some Less Common Fruit Species.
Sensors 2008, 8, 7564-7570.

Gazdik, Z.; Reznicek, V.; Adam, V.; Zitka, O.; Jurikova, T.; Krska, B.; Matuskovic, J.; Plsek, J.;
Saloun, J.; Horna, A.; Kizek, R. Use of Liquid Chromatography with Electrochemical Detection
for the Determination of Antioxidants in Less Common Fruits. Molecules 2008, 13, 2823-2836.
Pokorna-Jurikova, T.; Matuskovic, J. The study of irrigation influence on nutritional value of
Lonicera kamtschatica - cultivar Gerda 25 and Lonicera edulis berries under the Nitra conditions
during 2001-2003. Hortic. Sci. 2007, 34, 11-16.

Pohanka, M.; Sochor, J.; Ruttkay-Nedecky, B.; Cernei, N.; Adam, V.; Hubalek, J.; Stiborova, M.;
Eckschlager, T.; Kizek, R. Automated assay of the potency of natural antioxidants using pipetting
robot and spectrophotometry. J. Appl. Biomed. 2012, 10, 155-167.

Sochor, J.; Ryvolova, M.; Krystofova, O.; Salas, P.; Hubalek, J.; Adam, V.; Trnkova, L.; Havel, L.;
Beklova, M.; Zehnalek, J.; et al. Fully Automated Spectrometric Protocols for Determination of
Antioxidant Activity: Advantages and Disadvantages. Molecules 2010, 15, 8618—8640.

Sochor, J.; Salas, P.; Zehnalek, J.; Krska, B.; Adam, V.; Havel, L.; Kizek, R. An assay for
spectrometric determination of antioxidant activity of a biological extract. Listy Cukrovarnicke a
Reparske 2010, 126, 416-417.

Rop, O.; Reznicek, V.; Mlcek, J.; Jurikova, T.; Balik, J.; Sochor, J.; Kramarova, D. Antioxidant
and radical oxygen species scavenging activities of 12 cultivars of blue honeysuckle fruit.
Hortic. Sci. 2011, 38, 63-70.

Sochor, J.; Zitka, O.; Skutkova, H.; Pavlik, D.; Babula, P.; Krska, B.; Horna, A.; Adam, V.;
Provaznik, I.; Kizek, R. Content of Phenolic Compounds and Antioxidant Capacity in Fruits of
Apricot Genotypes. Molecules 2010, 15, 6285—-6305.



Molecules 2013, 18 12586

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Rop, O.; Mlcek, J.; Jurikova, T.; Valsikova, M.; Sochor, J.; Reznicek, V.; Kramarova, D. Phenolic
content, antioxidant capacity, radical oxygen species scavenging and lipid peroxidation inhibiting
activities of extracts of five black chokeberry (Aronia melanocarpa (Michx.) Elliot) cultivars.
J. Med. Plants Res. 2010, 4, 2431-2437.

Rop, O.; Sochor, J.; Jurikova, T.; Zitka, O.; Skutkova, H.; Mlcek, J.; Salas, P.; Krska, B.;
Babula, P.; Adam, V.; et al. Effect of Five Different Stages of Ripening on Chemical Compounds
in Medlar (Mespilus germanica L.). Molecules 2011, 16, 74-91.

Sochor, J.; Skutkova, H.; Babula, P.; Zitka, O.; Cernei, N.; Rop, O.; Krska, B.; Adam, V_;
Provaznik, I.; Kizek, R. Mathematical Evaluation of the Amino Acid and Polyphenol Content and
Antioxidant Activities of Fruits from Different Apricot Cultivars. Molecules 2011, 16, 7428-7457.
Panther, M.; Wolfe, F.H. Studies on the degradation of ascorbic acid by Saskatoon Berry Juice.
Can. Inst. Food Sci. Technol. 1972, 5, 93-96.

Wang, J.; Mazza, G. Inhibitory effects of anthocyanins and other phenolic compounds on nitric
oxide production in LPS/IFN-gamma-activated RAW 264.7 macrophages. J. Agric. Food Chem.
2002, 50, 850-857.

Ochmian, I.; Kubus, M.; Dobrowolska, A. Description of plants and assessment of chemical
properties of three species from the Amelanchier genus. Dendrobiology 2013, 70, 59—64.

Wang, J.; Mazza, G. Effects of anthocyanins and other phenolic compounds on the production of
tumor necrosis factor alpha in LPS/IFN-gamma-activated RAW 264.7 macrophages. J. Agric.
Food Chem. 2002, 50, 4183—-4189.

Kay, C.D.; Mazza, G.; Holub, B.J.; Wang, J. Anthocyanin metabolites in human urine and serum.
Br. J. Nutr. 2004, 91, 933-942.

Boivin, D.; Blanchette, M.; Barrette, S.; Moghrabi, A.; Beliveau, R. Inhibition of cancer cell
proliferation and suppression of TNF-induced activation of NF kappa B by edible berry juice.
Anticancer Res. 2007, 27, 937-948.

El-Alfy, A.T.; Ahmed, A.A.E.; Fatani, A.J. Protective effect of red grape seeds proanthocyanidins
against induction of diabetes by alloxan in rats. Pharmacol. Res. 2005, 52, 264-270.

Zhang, A.J.; Rimando, A.M.; Fish, W.; Mentreddy, S.R.; Mathews, S.T. Serviceberry
Amelanchier alnifolia (Nutt.) Nutt. ex. M. Roem (Rosaceae) leaf extract inhibits mammalian
alpha-glucosidase activity and suppresses postprandial glycemic response in a mouse model of
diet-induced obesity and hyperglycemia. J. Ethnopharmacol. 2012, 143, 481-487.

© 2013 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0/).



