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ABSTRACT

The purpose of the study was to analyze the po-
tential health-promoting components of some edible
forest species of fruits. These are Service tree (Sor-
bus domestica), Black rosehip (Rosa pimpinelli-
Jolia), Red rosehip (Rosa canina), Bay fruit (Laurus
nobilis), Cornelian cherry (Cornus mas), Autumn-
olive (Elaeagnus umbellate), and two different blue-
berry fruits (Vaccinium arctostaplylos and Vaccin-
ium myrtillus). In the present study, chemical and an-
tioxidant activities, phenolic compounds as well as,
inhibition effects on important enzymes (acetylcho-
linesterase, xanthine oxidase and urease) of fruits
were studied. Total polyphenol, flavonoid content,
and the in-vitro antioxidant activity were evaluated
by DPPH and FRAP. The sugar contents and phe-
nolic compounds of the fruits were analyzed by
HPLC-RID and HPLC-UV. Fruits was determined
the total polyphenol content (TPC) 1.10 to 19.87
mgGAE/g, total flavonoid content (TFC) 0.01 to
0.80 mgQE/g, DPPH values 0.22 to 6.03 mg/mL and
FRAP values 4.24 to 168. 02 pmol FeSO47H>0/ g.
All samples were determined various rate fructose
and glucose. HPLC-UV revealed fruits contained
different phenolic compounds. Inhibition values of
the enzymes were expressed as inhibition concentra-
tion (IC50: mg/mL or pg/mL). It can be concluded
that edible forest fruits are a potential source of anti-
oxidants with therapeutic importance as well a natu-
ral enzyme inhibitor.

KEYWORDS:
Antioxidant, acetylcholinesterase, xanthine oxidase, ure-
ase, phenolic compounds, HPLC

INTRODUCTION

Non-wood forest products (NWFPs, fruits,
wild herbs, mushrooms) are bio-merchandise com-
monly consumed worldwide. NWFP are typically
used in functional and premium class foodstuffs and
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nutraceuticals [1]. Global interest in the consump-
tion of foods with high levels of functional proper-
ties and nutraceutical compounds is gaining momen-
tum [2]. Among these types of foods, fruits are
among the most important functional and nutraceu-
tical foods in our diets [3]. The increased consump-
tion of berries that are naturally rich in phenolic
compounds is found to be associated with the pre-
vention of cardiovascular diseases, diabetes, cancer,
and obesity. Phenolic compounds are widely distrib-
uted in such plants where they act as attractants for
certain insects, as free radical scavengers, and in de-
fence against ultraviolet radiation, pathogens and
predators [2]. In this context, forest fruits are known
for being rich in bioactive compounds, including fla-
vonoids, phenolic acids, tannins and anthocyanin’s
[3]. Today fruit flavours, personal fruit choices, and
leading a healthy lifestyle are major reasons for fruit
consumption. Fruits play a significant role in human
health as a highly nutritional and functional food. On
the other hand, before the development of modern
medicine forest fruits were used in the healing of
various diseases and are well-known in folk-medi-
cine [4, 5].

For this reason, fruit consumption has been in-
creasing at local and international markets each pass-
ing day. Many scientific studies have shown that di-
etary intake of fruits has several benefits including
antioxidant, antibacterial, antiviral, anticancer, im-
mune system regulation, cholesterol lowering, free
radical scavenging effects. Fruits also fight against
oxidative damage of the cellular macromolecules
like DNA, protein and lipid, prevent ulcers, and pro-
tect the liver and cardiovascular system [6, 7]. There-
fore, the current studies mostly focus on the bioac-
tive components and enzyme activities of fruits and
natural products [8].

Around the world, especially in developed
counties as well as Turkey, there has been an increas-
ing interest in high antioxidant and anthocyanin rich
fruits, which are vitally important for human health,
and for the products made from these fruits. Many
studies have been carried out on the fruits of plants
across the globe; however, a limited number of stud-
ies have been carried out in Turkey. The purpose of
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our study was to examine the antioxidant capacity,
phenolic compositions, anti- acetylcholinesterase,
anti- xanthine oxidase, and anti- urease activities of
different types of forest fruit plants (service tree,
black rosehip, red rosehip, bay fruit, Cornelian
cherry, autumn-olive, bilberry and Caucasian whor-
tleberry).

MATERIALS AND METHODS

Chemicals. All the reagents used were of ana-
lytical grade. All phenolic acid standards were ob-
tained from Sigma-Aldrich Chemie GmbH (Ger-
many) and Merck (Darmstadt, Germany). Trolox
was supplied by AppliChem (Darmstadt, Germany).
Folin—Ciocalteu’s phenol reagent and TPTZ were
purchased from Fluka Chemie GmbH (Switzerland).
Jack bean urease, urea, acetohydroxamic acid, so-
dium nitroprusside, iron(Ill) chloride hexahydrate
(FeCl3.6H20), 2,4,6-Tris(2-pyridyl)-s-triazine
(TPTZ), iron(II) sulfate heptahydrate
(FeSO4.7H20), and DPPH (2,2-Diphenyl-1-(2,4,6-
trinitrophenyl) hydrazyl) were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Sodium ace-
tate, ferric chloride, and glacial acetic acid were ob-
tained from Merck. LC syringe filters (RC-mem-
brane, 0.2 pm) were obtained from Sartorius Mini-
sart RC 15, Sartorius (Darmstadt, Germany).

Fruit material. A total of 8 samples of forest
fruits were obtained from the Black Sea region situ-
ated in north Turkey, during 2017. The samples were
maintained frozen and stored at -18 °C until analysed
(Table 1).

Fruit extraction for antioxidant activity,
phenolic analysis and enzyme inhibition. The sam-
ples were extracted using the method described pre-
viously by Can and Baltas [9]. Approximately 5 g of
each fruit sample was added to an equal volume (50
mL) of 99% methanol and homogenized in a blender
for 3 minutes. The mixture was continuously stirred
with a shaker (Heidolph Promax 2020, Schwabach,
Germany) at room temperature for 24 h. Particles
were removed with filter paper. The final volume of

the solution was adjusted with methanol. The meth-
anolic extract was divided into two parts, the first be-
ing used for antioxidant tests and enzyme inhibition,
the second for phenolic analysis with HPLC.

The second part methanolic extract was evapo-
rated until dryness with a rotary evaporator at 40° C.
The residue was dissolved in 15 mL acidified dis-
tilled water (pH 2). Liquid—liquid extraction was car-
ried out with 5%3 mL diethyl ether and 5% 3 mL ethyl
acetate, consecutively [10]. Both diethyl ether and
ethyl acetate phases were pooled and dried by rotary
evaporation (IKA-Werke, Staufen, Germany) at
40°C. The pellet was resuspended in 2 mL methanol,
filtered with syringe filters (RC-membrane, 0.45
pum), and injected to HPLC.

Fruit extraction for sugars. Fruit extractions
were carried out according to the method described
by Kafkas et al. [11]. with some modifications. Fruit
samples were dried in an oven at 45 °C for one week.
Dried samples were powdered by a crusher and ap-
proximately 1 g of each sample was weighed. Pow-
dered fruit samples were transferred to a screw cap
Eppendorf tube with 20 mL of aqueous ethanol (80%
v/v). A reaction mixture was placed in a shaker and
shaken at room temperature for 24 h/200 rpm. Parti-
cles were removed with filter paper and the liquid
part evaporated to dryness with an evaporator. The
residue was dissolved with 2 ml of distilled water
and filtered before HPLC analysis.

Determination of total phenolic content
(TPC) and total flavonoid content (TFC). The
TPC was determined using the Folin-Ciocalteau
method following Slinkard and Singleton [12].
Briefly, 680 pL of distilled water, 400 uL of 0.5 N
Folin-Ciocalteu reagent, 20 pL of various concentra-
tions of gallic acid and samples were mixed and vor-
texed. After a 3 minute-incubation, 400 pL of
Na2COs (10%) solution was added and vortexed.
Then, the mixture was incubated for 2 hours at 20 °C
with interrupted shaking. After that, the absorbance
of the mixture was measured at 760 nm using a spec-
trophotometer. Results were expressed as mg gallic
acid equivalents (GAE) per g dry weight (mg GAE/g
DW).

TABLE 1
Fruit sample name and Latin name

FEB

Sample Name Latin Name Location
Service tree Sorbus domestica L. Tokat
Black Rosehip Rosa pimpinellifolia Giimiishane
Red Rosehip Rosa canina Giimiishane
Cornelian cherry Cornus mas Samsun
Bay fruit Laurus nobilis Sinop
Autumn-olive Elaeagnus umbellate Trabzon
Bilberry Vaccinium myrtillus L. Trabzon
Caucasian whortleberry Vaccinium arctostaphylos L. Trabzon

6091



Fresenius Environmental Bulletin

Volume 28 — No. 8/2019 pages 6090-6098

The TFC was determined by Fukumoto and
Mazza [13]. Briefly, 0.5 mL samples, 0.1 mL of 10%
AI(NOs)3 and 0.1 mL of 1 M NH4.CH3COO were
added to a test tube and incubated at room tempera-
ture for 40 minutes. Then, the absorbance was meas-
ured against a blank at 415 nm. Results were ex-
pressed as mg quercetin equivalents (QE) per g dry
weight (mg QE/ g DW).

Antioxidant activities; Ferric reducing antioxi-
dant power (FRAP) and DPPH % SCso scavenging
activity assay.

The FRAP assay was conducted as described
by Benzie and Strain [14]. The fresh FRAP reagent
was made by adding 100 mL of 0.3 M acetate buffer
pH 3.6, 10 mL of 10 mM TPTZ solution in 40 mM
HCl and 10 mLof 20 mM FeCls in a ratio of 10:1:1
and 12 mL of distilled water at 37 °C. In brief, the
reaction mixture consisting of 100 pL of the sample
and 3 mL of freshly prepared FRAP reagent was in-
cubated at 37 °C for 4 min and the absorbance was
measured at 593 nm against a control. Results were
expressed as pmol FeSO4.7H20/g DW).

DPPH% scavenging activity was measured ac-
cording to the method described by Molyneux [15].
Each extract solution (0.75 mL was added to 0.75 ml
of a freshly prepared 0.1 mM DPPH solution dis-
solved in methanol. The mixture was shaken and left
to stand at room temperature for 50 min in the dark.
The absorbance was read at 517 nm against a control
using a spectrophotometer. The values were shown
as SCso mg/mL sample representing the concentra-
tion of each sample that resulted in 50% scavenging
of DPPH radicals.

Analysis of phenolic compounds by HPLC.
Sixteen standards of phenolic compounds (Gallic
acid, protocatechuic acid, catechin, chlorogenic acid,
vanillic acid, caffeic acid, syringic acid, ferulic acid,
p-cumaric acid, rutin, benzoic acid, o-cumaric acid,
quercetin, ellagic acid, #-cinnamic acid, curcumin)
were analyzed using HPLC (Elite LaChrom Hitachi,
Japan). The sample was injected into the HPLC sys-
tem with a reverse phase C18 column (150 mm x4.6
mm, 5um; Fortis). The mobile phase was a mixture
of solvent A (2% AcOH in water) and solvent B
(70:30, acetonitrile/water) which was sonicated be-
fore stirring and continuously degassed by the built-
in HPLC system. The injection volume was 25 pL
and the column was kept at 30 °C. The flow rate was
kept constant at 1 mL min ' using gradient program-
ming; starting the flow of mobile phase as B (5%) to
three minutes, gradually increasing (up-to 15, 20, 25,
40 and 80% at 8, 10, 18, 25 and 35 minutes respec-
tively) and decreasing to 5 % at 40 minutes and left
for 10 minutes to equilibrate in the column. Phenolic
profile was determined according to Can and Baltas

[9].
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In-vitro anti-acetylcholinesterase, anti-xan-
thine oxidase and anti-urease assay. Sample ex-
tracts were subjected to the method by Ellman [16]
to evaluate their potency to inhibit the acetyl cholin-
esterase (AChE, from Electric Eel, (Sigma—Aldrich,
St. Louis, USA). As a control, an identical solution
of the enzyme without the inhibitor was processed
using the same protocol. Donepezil hydrochloride
was used as a positive control. All processes were
assayed in triplicate.

The anti-xanthine oxidase activity was deter-
mined using a slight modification according to the
methods by Hayashi [17]. A well known XO inhibi-
tor (XOI), allopurinol (Sigma—Aldrich, St. Louis,
USA) was used as a positive control for the inhibi-
tion test. The ICso values of extracts were determined
as the concentration of extract that gives 50% inhi-
bition of maximal absorbance.

Urease catalyzes the hydrolysis of urea into
carbon dioxide and ammonia. The production of the
ammonia was measured using the indophenol
method by Weatherburn [18]. Acetohydroxamic
acid was used as standard inhibitor. To calculate ICso
values, different concentrations of each extracts and
standards were assayed at the same reaction condi-
tions. The inhibition concentrations of the extracts
(ICs0) were calculated from the dose response curve,
which reduced absorbance by 50%.

Statistical Analysis. Antioxidant, phenolic
compounds and enzyme inhibition data were carried
out by three replicates (n = 3), and values were pre-
sented as the mean of three replicates. The SPSS ver-
sion 17.0 statistical software package was used for
all statistical analysis.

RESULTS AND DISCUSSION

Total phenolic content (TPC) and total fla-
vonoid content (TFC). In this study, fruits’ phenolic
compounds were determined as TPC and TFC. TPC
is at the same time a marker of a fruit’s antioxidant
capacity and is generally used as an antioxidant test.
The comparative data about total phenolic, total fla-
vonoid and other antioxidant activity content in wild
berries are presented in Table-2. Flavonoid, phenolic
and triterpenes are natural secondary metabolites
that exist in fruits and plants [19]. In this study, fruit
flavonoid compounds were determined as TFC spec-
trophotometric assay. The results are shown in Table
2. DPPH and FRAP assays’ results are shown in Ta-
ble 2.

Total polyphenol and flavonoid of some edible
fruits were determined. TPC levels varied widely,
between 1.90 and 19.868 mg GAE/g. The total phe-
nolic content in Cornelian cherry was found to be
higher and service tree was found to be lower than
that in other fruits. Black rosehip and red rosehip,
also showed high TPC, with values of 18.867 and
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5.909 mg GAE/g, respectively. A study by Tural and
Koca [20] found the TPC in twenty-four Cornelian
cherry species to be between 2.81-5.79 mg GAE/g
FW. The TPC of Cornelian cherry fruits from Bos-
nia-Herzegovina, as studied by Drkenda et al. [21]
was found to be 119.10-230.63 mg 100 g-1 FW. On
the other hand Roman Sténila and Stanila [22] who
studied the total polyphenol content of the eight rose-
hip fruit species, reported between 326 and 575
mg/100 g, data which are lower than in our study
[22]. The fruits of bilberry, Caucasian whortleberry
and services tree showed a significantly lower phe-
nolic content than fruits of the rosehips species. In
our study, the fruit of autumn olive also showed high
level of phenolic content, 1.905 mg GAE/g (Table-
2). [23] also studied the TPC of different genotypes
of autumn olive. The authors reported that the total
phenolic content of autumn olive species varied from
168.9 to 258.1 mg GAE/100 g. Other studies have
also reported that the total phenolic contents of au-
tumn olive (Elaeganus umbletta) extracted with wa-
ter, methanol, acetone and n-hexane were found
20.0, 18.6, 18.2, 16.3 mg GAE/g, respectively [24].
The TPC amount of autumn olive in our study is sim-
ilar with this literature. Finally, the TPC amounts of
some fruit species are not similar with the literature.
The difference observed in TPC can be attributed to
the different locations as well as the fact that synthe-
sis phenolic compounds are affected by various abi-
otic and biotic factors, including temperature, be-

cause of differences between day and night temper-
atures, irradiation, herbivory, and pathogenic infec-
tion [25].

The total flavonoids (TFC) amount of fruits
was found between 0.005 and 0.866 mg QE/g in this
study. Black rosehip samples exhibited the highest
amount of TFC (0.866 mg QE/g) and service tree the
lowest was 0.005 mg QE/g. Roman et al. [22] re-
ported that TFC amount of the R. canina was 1.63
mg/g. TFC of services tree were found 0.005 mg QE/
g in this study. One study reported that the total fla-
vanoid content of services tree fruits collected from
Croatia varied between 6.8 and 37.0 mg QE/ g dw in
immature exocarp, immature mesocarp, mature exo-
carp and mature mesocarp [26]. Other studies have
also reported that total flavanoid content of services
tree fruit is 18.56 ug QE/ mg [27]. This discrepancy
is explainable by different vegetative conditions or
by differences in the extraction and sample prepara-
tion procedures used in studies [28]. The TFC of au-
tumun-olive 0.552 mg QE/g was found in this study
Islaq et al. [24] compared to the TFC of autumun-
olive that were obtained by four different extraction
methods (water, methanol, aceton and n-hexane).
The authors were reported to be 3.8 mg QE/g for wa-
ter, 3.2 mg QE/g for methanol, 1.5 mg QE/g for ac-
etone, and 3.4 mg QE/g for n-hexane [24]. These re-
sults showed that the phenolic and flavanoid content
of berries are affected by extraction procedure. This
may be attributed to the different flavanoid content
in the sample.
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TABLE 2
Antioxidant Activity of Fruit Samples
TP TF DPPH
Samples (mgGAE/g (mg QE/g SCs50 FRAP
(nmolFeSO4.7H20/g)
sample) sample) (mg/ mlL)
Service tree 1.128+0.04 0.01£0.00 6.03+0.01 4.27+0.03
Black Rosehip 18.87+0.10 0.87+0.01 0.27+0.01 151.37%1.15
Red Rosehip 5.91+0.02 0.81+0.02 1.23+0.01 91.33+0.88
Bay fruit 2.60+0.03 0.14+0.01 5.27+0.03 4.24+0.12
Cornelian cherry 19.87+0.27 0.59+0.01 0.224+0.01 168.02+7.41
Autumn-olive 1.91£0.03 0.5540.01 4.21+0.01 8.92+0.06
Bilberry 2.06+0.01 0.72+0.01 2.45+0.01 30.00+0.08
Caucasian whorthberry 1.94+0.01 0.80+0.01 3.60+0.02 21.98+0.02
Trolox 0.004+0.00
TABLE 3
Sugar content of fruit samples
Sample % Arabinose ~ %Ribose  %Fructose % Glucose %Sucrose % Maltose
Service tree N.D. N.D. 4.82 3.45 N.D. 0.45
Black rosehip 1.10 1,14 2.57 2.23 1.30 N.D.
Red rosehip 0.66 1,11 4.85 3.53 0.67 N.D.
Bay fruit N.D. N.D. 1.71 1.03 N.D. 0.48
Cornelian cherry N.D. N.D. 2.00 2.50 0.57 N.D.
Autumn-olive N.D. N.D. 4.70 2.34 N.D. N.D.
Bilberry N.D. N.D. 6.80 7.10 N.D. N.D.
Caucasian whortleberry N.D. N.D. 5.00 4.96 N.D. N.D.

*N.D. : not detected, * Galactose, Theralose, Melebiose and Melesitose couldn’t be determined.
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Antioxidant activity. Molecules known as an-
tioxidants prevent oxidation in living organism by
decreasing free radicals or by eliminating these [29].
There are many methods of measuring the antioxi-
dant capacity in natural products [30]. Antioxidant
capacity of fruits and plants are affected by different
mechanisms of action of their antioxidant constitu-
ents. A single method is usually insufficient when
determining antioxidant activity. Therefore, this ca-
pacity could be evaluated by a variety of methods
pertaining to different mechanisms. As a result of
DPPH and FRAP assays were used to properly eval-
uate the antioxidant capacity of dry fruit sample (Ta-
ble 2). FRAP values 4.27 to 168.02 (umolFe
04.7H20/g DW) and DPPH values ranged from 0.22
to 6.03 mg/mL. The DPPH and FRAP results proved
that the Cornelian cherry fruits especially possess a
higher antioxidant capacity compared to the other
fruits. Findings from Table 2. Illustrate that the low-
est antioxidant activity according to FRAP and
DPPH methods is seen in service tree. When forest
fruits are examined from Table 2, it seen that all for-
est fruits are an important antioxidant source. Has-
sanpour et al. [31] investigated the antioxidant activ-
ity of the Cornelian cherry (Cornus mas L.) fruits
naturally growing in East Azerbaijan and Iran. The
DPPH antioxidant activity was determined as
82.87% in fresh fruit samples. A study conducted in
Iran analyzed the antioxidant capacities of bay fruits
using the DPPH method with three different extrac-
tion methods (Ultrasonic, Maceration and Soxhlet).

Sugar Content. Organic acids and sugars con-
tribute greatly to the taste and flavour quality of
fruits [32]. Among these compounds, fructose is es-
pecially significant. Sugar compounds and amounts
are shown in Table 3. According to this, fructose and
glucose sugar were determined as the major mono-
saccharide in all fruits. In addition to these sugar
compounds, arabinose, ribose, sucrose and maltose
were also found in various rates in different fruits.
While the highest fructose to glucose ratio among the
berries was identified in bilberry, the lowest fructose
to glucose ratio was found in bay fruit. Glucose,
fructose and sucrose compounds were found in the
fully ripened fruits as a result of the sugar analysis of
bilberry and Caucasian whortleberry collected in the
Black Sea Region. It was reported that the com-
pounds found in Caucasian whortleberry were
25.32% fructose, 26.20% glucose and 1.02 sucrose.
These ratios are reported for bilberry as 32.90% fruc-
tose and glucose and 1.81% sucrose [33]. We could
not detect any sucrose in the fruits of bilberry and
Caucasian whortleberry.

Phenolic compounds. The phenolic com-
pounds in fruits are crucial with regards to their func-
tions in promoting human health, their effects on
taste and odour formation, and their involvement in
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colour formation and changes, and also their antimi-
crobial and anti-oxidative effects. In this study,
among the fruits investigated by the RP-HPLC-UV
analysis, the 16 phenolic acids were determined
qualitatively and quantitatively. The results are pre-
sented in Table 4. Phenolic compounds are ubiqui-
tous in both plants and fruits, and when plant and
fruit foods are consumed, these phytochemicals con-
tribute to the intake of natural antioxidants in human
diets. The phenolic contents of the fruits were deter-
mined by HPLC-UV. The results indicated that gal-
lic acid and protocatechuic acid were detected in all
fruits except this bilberry and Caucasian whortle-
berry, whereas no curcumin was detected in any
fruit. Other compounds were found at different lev-
els in some berries. Catechin, z-cinnamic acid, rutin
and elangic acid were found dominant compound in
services tree, black rosehip, bay fruit and autumn-ol-
ive respectively. While, chlorogenic acid was found
to be the dominant compound in bilberry and Cauca-
sian whortleberry, gallic acid was found to be the
dominant compound in black rosehip and Cornelian
cherry.

Demir et al. [32]. reported that as a result of the
qualitative analysis they performed on rosehip ber-
ries (R. canina, R. dumanis, R. gallica, R. dumalis
subsp. boissieri and R. hirtissima) gallic acid and ca-
thecin are the most dominant compounds [30]. The
literature is largely parallel with this study. How-
ever, authors found higher amounts of gallic acid and
catechin compered to our study. Compared with this
study, chlorogenic acid was not found to be a domi-
nant compound, while gallic acid was determined
dominant compound for cornelllian berry. However,
authors found higher amount of gallic acid and
chlorogenic acid compared to our study. According
to Hakkinen and Torronen [34] the reason for this is
that the hybrid of the same plant variety demon-
strated differences in the synthesis of the phenolic
compounds [34].

Gallic acid was determined as a major constit-
uent in Cornelian cherry fruits as well. It was also
reported that gallic acid decreases the peroxidation
in human brain phospholipids [35]. Ellagic acid was
determined as a major constituent in autumn-olive
fruits though. In vitro studies have revealed that el-
lagic acid possesses anticancer effects on breast,
prostate and pancreatic cancer cells [36]. Catechin
belonging to a group of flavonoids was determined
as a major constituent in autumn olive fruits. How-
ever, catechin was determined as a routine major
constituent in bay fruit.

Anti-acetylcholinesterase, anti-xanthine oxi-
dase and anti-urease assay. This study has exam-
ined the enzyme inhibition activities (acetylcholine
esterase, xanthine oxidase and urease) of methanol
fruit extracts. The results are shown in Table 5. En-
zymatic activities such as those of acetylcholine es-
terase, xanthine oxidase and urease exhibited by
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TABLE 4
Phenolic compounds of fruit samples
@ E=) a >
T £ F 3 £ : - L 2 55
=] 2 = = = g9 = 28 =
g g < g < 25 52 2 g2
g | % . 5 =5 g z it
n g g &) =] &) < ] _;
Gallic acid 0.06=0.00 2.17+0.02 1.4120.05  0.14=0.00 12.60+0.07 0.19+0.00 N.D. N.D
apg’gocat“h“‘c 2.55+0.09 1.4640.001  8.69+0.17  3.73+0.31 9.88+1.30 1.79+0.03 N.D N.D
Catechin 14.94+0.40  1.17£0.001  3.30+0.72  7.97+0.16 N.D. N.D N.D. N.D.
Chlorogenic acid ~ 1.50+0.03 N.D N.D. N.D. 0.81=0.00 N.D. 13.96 19.98
Vanillic acid 0.27+0.08 N.D 1.3240.05  0.78+0.18 N.D 1.41£0.04 N.D N.D
Caffeic acid 1.27+0.06 N.D N.D N.D. N.D. N.D. 8.25 2.76
Syringic acid N.D. N.D N.D 3.4120.05 N.D. 2.06=0.02 231 0.67
Ferulic acid 0.17+0.01 N.D N.D N.D. 0.92+0.19 2.64 +0.00 0.25 0.87
p-cumaric acid 0.07+0.00 N.D N.D 2.1240.01 0.07+0.02 N.D N.D. N.D.
Rutin N.D. N.D N.D 14.19+0.19 N.D N.D 0.22 0.54
Benzoic acid 0.87+0.01 N.D N.D. N.D N.D N.D N.D N.D
o-cumaric acid N.D. N.D. 0.03=0.00 N.D. N.D. N.D. N.D N.D
Quercetin 2.60+0.05 1.58+0.01 N.D 3.1420.32 3.3420.18 N.D. N.D N.D
Ellagic acid N.D N.D N.D. N.D. N.D 28.22+0.03 N.D N.D
t-cinnamic acid N.D N.D 14.5240.10  5.06=0.08 N.D 4.75+0.01 N.D N.D
Curcumin N.D N.D N.D. N.D. N.D N.D. N.D N.D
*N.D.=Not detected, *Results= ng phenolic compounds/g samples
TABLE 5

Anti-acetylcholinesterase, anti-xanthine oxidase and anti-urease acitivity of fruit samples
Inhibition of xanthine
oxidase

Inhibition of acetylcholinesterase Inhibition of urease

Samples

FEB

ICso (mg/mL) ICso (mg/mL) ICso (p.g/mL)
Service tree 5.41£0.02 2.98+0.06 3.82+0.02
Black Rosehip 0.68+0.01 0.29+0.03 0.09+0.01
Red Rosehip 1.13+0.01 0.97+0.01 0.74+0.02
Bay Fruit 2.5540.03 1.92+0.01 1.59+0.01
Cornelian cherry 0.09+0.01 0.02+0.01 0.03+0.01
Autumn-olive 3.63+0.01 2.71+0.01 3.39+0.03
Bilberry 3.89+0.03 2.77+0.03 2.13+0.03
Caucasian whortleberry 4.11+0.02 3.59+0.03 3.68+0.07
Donepezil (ng/mL) 17.13+0.02
Allopurinol (pug/mL) 0.52+0.01
Acetohydroxamic Acid (pg/mL) 25.09+0.02

plant and fruit based actives have been mostly ob-
served from phenolic and flavonoid compounds. The
results of enzyme inhibition are shown in Table 5. It
was detected that the amount of the anti-AChE ac-
tivity varied in fruits. Acetylcholine inhibitors are
commonly used in the treatment of glaucoma and
Azheimer’s disease [37]. Our results have revealed
that fruits, especially the Cornelian cherry fruit could
be utilized as a natural acetylcholine inhibitor.

The second enzyme, xanthine oxidase (XO),
catalyzes the conversion of hypoxanthine to xan-
thine and of xanthine to uric acid in the metabolism
of purines degradation. Since the water solubility of
uric acid is rather low, it excessively accumulates es-
pecially in the kidneys and joints. The high level of
uric acid in the blood inhibits the formation with ac-
etylcholine inhibitors in the body. It is reported that
commercially available inhibitory drugs have nu-
merous side effects [38]. For this reason, inhibitors
with minimum side effects should be provided. In
this study, the anti-xanthine oxidase activity was ex-
amined in fruits, and among the fruits, the Cornelian
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cherry (Cornus mas L.) fruit was revealed to be a
stronger inhibitor compared to the other fruits.

The third enzyme, urease is a vitally crucial
nickel- dependent enzyme which catalyzes the hy-
drolysis of urea to ammonia and carbon dioxide in
the luminal bacterial metabolism. The findings have
shown that the Cornelian cherry (Cornus mas L.)
fruits possess a higher anti-urease activity compared
to the other fruits. The highest activity was observed
in the Cornelian cherry (Cornus mas L.) fruits in all
three enzymes. Another study was foundXOI and
urease effects on Pyrus elacagnifolia pears and the
ICso values to be 10.75 and 0.97 mg/mL respectively
[38]. In our study urease effect red rosehip ICso value
0.74 mg/mL was found. In another study it was re-
ported that aqueous extract of Diospyros lotus L.
(Plum Persimmon) lotus exhibited highly efficient
anti- AchE activity and anti-urease 312 with an ICso
value of 16.75 and 1.55 mg/mL respectively [39]. In
our study all the fruits were found to be potent inhib-
itors for three enzymes.
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CONCLUSIONS

Phytochemical profiling of some forest fruits
evaluated in this study revealed a diverse range of
antioxidant activity, polyphenolic compounds, sugar
content and some biological activities. In conclu-
sion, all forest fruits with high antioxidant activities,
are quite rich in phenolic composition and were seen
to exhibit high enzyme inhibitions. In this respect,
there appears to be a linear relationship between an-
tioxidants and enzyme inhibitions. This study has re-
vealed that the daily consumption fruits are not only
an important part of a healthy diet and but also help
to prevent the development of many diseases. As a
results it can be concluded that edible forest fruits are
a potential source of antioxidants with therapeutic
importance as well as powerful natural enzyme in-
hibitor source.

ACKNOWLEDGEMENTS

The authors declare no existing conflict of in-
terest.

REFERENCES

[1] Peltola, R. (2013) Relevance of production area
characteristics for NWFP demand and markets.
In: Non-wood forest products, health and well-
being. Publisher University of Helsinki Ruralia
Institute: Espoo, Finland, 35-36.

Zimmer, K.R., Blum-Silva, C.H., Souza,
A.L.K., Wulffschuch, M., Reginatto, H.F., Pe-
reira, C.M.P., Macedo A.J. Lencina, L.C. (2014)
The antibiofilm effect of blueberry fruit culti-
vars against Staphylococcus epidermidis and
Pseudomonas aeruginosa. Journal of Medicinal
Food. 17(3), 324-331.

Okan, O.T., Deniz, 1., Yayli, N., Sat, L.G., Oz,
M., Hatipoglu, S.G. (2018) Antioxidant Activ-
ity, Sugar Content and Phenolic Profiling of
Blueberries Cultivars: A Comprehensive Com-
parison. Notulaec Botanicae Horti Agrobotanici
Cluj-Napoca. 46(2), 639-652.

Landete, J.M. (2012) Updated knowledge about
polyphenols: Functions, bioavailability, metab-
olism, and health. Critical Reviews in food Sci-
ence and Nutrition. 52, 936-948.
Paredes-Lopez, O., Cervantes-Ceja, M.K.,
Vigna-Perez, M., Hernandez-Perez, T. (2010)
Berries: improving human health and healthy
aging and promoting quality life a review. Plant
Foods and Human Nutrition. 65, 299-308.
Rodriguez-Casado, A. (2014) The health poten-
tial of fruits and vegetables phytochemicals: no-
table examples. Critical Reviews of Food Sci-
ence and Nutrition. 56(7), 1097-1107.

6096

[7] Siriamornpun, S., Weerapreeyakul, N., Ba-

rusrux, S. (2015) Bioactive compounds and

health implications are better for green jujube
fruit than for ripe fruit. Journal of Functional

Foods. 12, 246-255.

Siriamornpun, S., Kaewseejan, N. (2017) Qual-

ity, bioactive compounds and antioxidant capac-

ity of selected climacteric fruits with relation to

their maturity. Scientia Horticulturae. 221, 32-

42.

Can, Z., Baltas, N. (2016) Bioactivity and En-

zyme Inhibition Properties of Stevia rebaudiana.

Current Enzyme Inhibition. 12, 188-194.

[10]Kim, K.H., Tsao, R., Yang, R., Cui, S.W. (2006)
Phenolic acid profiles and antioxidant activities
of wheat bran extracts and the effect of hydrol-
ysis conditions. Food Chemistry. 95(3) 466-
473.

[11]Kafkas, E., Kosar, M., Tiiremis, N., Baser,
K.H.C. (2006) Analysis of sugars, organic acids
and vitamin C contents of blackberry genotypes
from Turkey. Food Chemistry. 97, 732-736.

[12]Slinkard, K., Singleton, V.L. (1977) Total phe-
nol analyses: Automation and Comparison with
Manual Methods. American Journal of Enology
Viticulture. 28, 49-55.

[13]Fukumoto, L.R., Mazza, G. (2000) Assessing
antioxidant and prooxidant activities of phenol-
iccompounds. Journal of Agricultural Food
Chemistry. 48, 3597-3604.

[14]Benzie, LF.F., Strain, J.J. (1999) Ferric reduc-
ing/antioxidant power assay: direct measure of
total antioxidant activity of biological fluids and
modified version for simultaneous measurement
of total antioxidant power and ascorbic acid
concentration. Methods in Enzymology. 299,
15-27.

[15]Molyneux, P. (2004) The use of the stable free
radical diphenylpicrylhyrazyl (DPPH) for esti-
mating antioxidant activity. Songklanakarin
Journal of Science Technology. 26, 211-219.

[16]Ellman, G.L., Courtney, K.D., Andres, V.,
Featherstone, R.M. (1961) A new and rapid col-
orimetric determination of acetylcholinesterase
activity. Biochemical Pharmacology. 7(2), 88-
95.

[17]Hayashi, T., Sawa, K., Kawasaki, M., Arisawa,
M., Shimizu, M., Morita, N. (1988) Inhibition of
Cows Milk Xanthine-Oxidase by Flavonoids.
Journal of Natural Products. 51(2), 345-348.

[18]Weatherburn, M.W. (1967) Phenol-hypo-
chlorite reaction for determination of ammonia.
Analytical Chemistry. 39(8), 971-974.

[19]Miao, J., Li, X., Zhao, C., Gao, X., Wang, Y.,
Gao, W. (2018) Active compounds, antioxidant
activity and a-glucosidase inhibitory activity of
different varieties of Chaenomeles fruits. Food
Chemistry. 248, 330-339.

[9]

FEB



Fresenius Environmental Bulletin

Volume 28 — No. 8/2019 pages 6090-6098

[20]Tural, S., Koca, I. (2008) Physico-chemical and
antioxidant properties of cornelian cherry fruits
(Cornus mas L.) grown in Turkey. Scientia Hor-
ticulturae. 116, 362-366.

[21]Drkenda, P., Spahic, A., Begi¢-Akagi¢, A.,
Gasi, F., Vranac, A., Hudina, M., Blanke, M.
(2014) Pomological Characteristics of Some
Autochthonous Genotypes of Cornelian Cherry
(Cornus mas L.) in Bosnia and Herzegovina.
Erwerbs-Obstbau. 56(2), 59-66.

[22]Roman, ., Stanila, A., Stanila, S. (2013) Bio-
acitivite compounds and antioxidant activity of
Rosa canina L. Biotypes from spontaneous flora
of Transylvania. Chemistry Central Journal.
7(1), 73.

[23]Wang, S.Y., Fordham, I.M. (2007) Differences
in Chemical Composition and Antioxidant Ca-
pacity Among Different Genotypes of Autumn
Olive (Elaeagnus umbellate Thunb.). Food
Technology Biotechnology. 45(4,) 402-409.

[24]Ishaq, S., Rathore, H.A., Sabir, S.M., Maroof,
M.S. (2015) Antioxidant Properties of Elaeag-
nus umbellata Berry Solvent Extracts against
Lipid Peroxidation in Mice Brain and Liver Tis-
sues. Food Science and Biotechnology. 24(2),
673-679.

[25]Kalt, W., Ryan, D., Duy, J.C., Prior, R.L., Eh-
lenfeldt, M.K., Kloet, S.P.V. (2001) Inter spe-
cific variation in anthocyanins, phenolics and
antioxidant capacity among genotypes of high-
bush and lowbush blueberries (Vaccinium sec-
tion cyanococcus spp.). Journal of Agricultural
and Food Chemistry. 49, 4761-4767.

[26]Maji¢, B., Sola, I, Liki¢, S., Cindri¢, LJ., Rusak,
G. (2015) Characterisation of Sorbus domestica
L. Bark, Fruits and Seeds: Nutrient Composition
and Antioxidant Activity. Food Techonology
Biotechnology. 53(4), 463-471.

[27]Krvrak, I., Kivrak, S. (2014) Antioxidant Prop-
erties, Phenolic Pro le and Nutritional Value for
Sorbus umbellata Fruits from Turkey. Austin
Journal of Nutrition and Food Sciences. 2, 8.

[28]0lszewska, M.A., Michel, P. (2009) Antioxi-
dant activity of inflorescences, leaves and fruits
of three Sorbus species in relation to their poly-
phenolic composition. Natural Product Re-
search. 23(16), 1507-1521.

[29]Can, Z., Yildiz, O., Sahin, H., Turumtay, E.A.,
Silici, S., Kolayl, S. (2015) An investigation of
Turkish honeys: Their physico-chemical prop-
erties, antioxidant capacities and phenolic pro-
files. Food Chemistry. 180, 133- 141.

[30]Okan, O.T., Varhibas, H., Oz, M., Deniz, 1.
(2013) Antioxidant analysis methods and some
non-wood forest plant products as sources of an-
tioxidants in Eastern Black Sea region.
Kastamonu University Journal of Forestry Fac-
ulty. 13(1), 48-59.

6097

[31]Hassanpour, H., Hamidoghli, Y., Hajilo, J.,
Adlipour, M. (2011) Antioxidant capacity and
phytochemical properties of cornelian cherry
(Cornus mas L.) genotypes in Iran. Science Hor-
ticulturae. 129(3), 459-463.

[32]1Demir, N., Yildiz, O., Alpaslan, M., Hayaloglu,
A.A. (2014) Evaluation of volatiles, phenolic
compounds and antioxidant activities of rose hip
(Rosa L.) fruits in Turkey. LWT - Food Science
and Technology. 57, 126-133.

[33]Ayaz, F.A., Kadioglu, A., Bertoft, C., Acar, C.,
Turna, I. (2001) Effect of fruit maturation on
sugar and organic acid composition in two blue-
berries (V. arctostaphylos and V. myrtillus) na-
tive to Turkey. New Zealand Journal of Crop
and Horticultural Science. 29, 137-141.

[34]Hakkinen, S.H., Torronen, A.R. (2003) Content
of flavonols and selected phenolic acids in
strawberries and Vaccinium species: influence
of cultivar, cultivation site and technique. Food
Research International. 33, 517-524.

[35]Mainzen Prince, P.S., Kumar, M.R., Selva-
kumari, CJ. (2010) Effects of gallic acid on
brain lipid peroxide and lipid metabolism in
streptozotocin-induced diabetic Wistar rats.
Journal of Biochemical and Molecular Toxicol-
ogy. 25, 101-107.

[36]Li, T.M., Chen, G.W., Su, C.C., Lin, J.G., Yeh,
C.C,, Cheng, K.C., Chung, J.G. (2005) Ellagic
Acid Induced p53/p21 Expression, G1 Arrest
and Apoptosis in Human Bladder Cancer T24
Cells. Anticancer Research. 25, 971-980.

[37]Alasehirli, B. (2005) The Inhibitors of Cholin-
esterase (Anticholinesterases). Turkiye Klin-
ikleri Journal of Internal Medical Sciences.
1(18), 47-57.

[38]Baltas, N. (2017) Investigation of a wild pear
species (Pyrus elaeagnifolia subsp. Elaeagnifo-
lia Pallas) from Antalya, Turkey: polyphenol
oxidase properties and anti-xanthine oxidase,
anti-urease, and antioxidant activity. Interna-
tional Journal of Food Properties. 20(3), 585-
595.

[39]Fazi, O., Baltas, N. (2017) Polyphenol oxidase
properties, anti-urease, and anti-acetylcholines-
terase activity of Diospyros lotus L. (Plum Per-
simmon). International Journal of Food Proper-
ties. 20(5), 1186-1196.

FEB



Volume 28 — No. 8/2019 pages 6090-6098

Received: 20.12.2018
Accepted: 21.05.2019

CORRESPONDING AUTHOR

Zehra Can

Faculty of Applied Sciences,
Bayburt University,

69000, Bayburt — Turkey

e-mail: zehracan6 1 @gmail.com

6098

Fresenius Environmental Bulletin

FEB


https://www.researchgate.net/publication/334588522

