« « Ustaomer, Topaloglu, Yilmaz, Serencam, Deniz: An in Vitro Study on Antifungal Properties...

Derya Ustaémer', Elif Topaloght?, Bilge Yilmaz', Hiiseyin Serencam®, Ilhan Deniz'

An in Vitro Study on
Antifungal Properties,
Total Polyphenolic Content
and Antioxidant Activity of
Different Paris of Selected
Fruit Trees

In vitro istrazivanje protugljiviénih svojstava,
ukupnog sadrzaja polifenola i antioksidativhe
aktivnosti razli¢itih dijelova odabranih
vockarica

Original scientific paper ¢ Izvorni znanstveni rad

Received — prispjelo: 4. 6. 2019. © 2020 by the author(s).

Accepted _ prihvaéeno.‘ 15. 7. 2020. Lice;}s::e Fa.rclilt}f of Forestry, UniverAsilty ((j)Afoclbgreb(i
. - . % is article is an open access article distribute:

UDK: 630 8132’ 630*841.513 under the terms and conditions of the

httpS.’//dOi. O}’g/] 0.5552/drvind.2020.1934 Creative Commons Attribution (CC BY 4.0) license.

ABSTRACT ¢ The purpose of this study was to investigate the antifungal properties, total polyphenolic content
and antioxidant activity of sapwood, heartwood and bark parts obtained from three different fruit trees; olive (Olea
europaea L.), loquat (Eriobotrya japonica Lindl.) and date plum (Diospyros lotus L.) grown in Turkey. Firstly, the
hydrodistillation products (essential oil, hydrosol, hot-water extract) were acquired from these parts of selected
trees, and methanol and ethanol extracts of the same samples were also prepared for the analysis. The antifungal
activities of essential oil, hydrosol, hot-water extract, ethanol and methanol extracts were determined against
wood-rot fungus Coniophora puteana. In addition, polyphenol contents and antioxidant activities of ethanol and
methanol extracts were investigated. According to the results, generally, the essential oil of the parts of three fruit
trees was found to inhibit the fungal growth. All hot water extracts and hydrosols of these trees showed no anti-
fungal activity against C. puteana. It was found that olive tree had higher antifungal activity than loquat and date
plum trees. The methanol extract of loquat bark gave the highest total phenolic content, total flavonoid content and
condensed tannin content compared to parts of the other trees. Furthermore, the highest total polyphenol content
and antioxidant activity among three fruit trees were determined in ethanol and methanol extracts of the bark and
heartwood of loquat tree. Based on these findings, it can be concluded that the parts of studied fruit trees have less
or more antifungal and antioxidant activity depending on the experimental parameters, and therefore they can be
evaluated as alternative natural antifungal and antioxidant sources.
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SAZETAK - Cilj ovog rada bio je istraziti protugljivicna svojstva, ukupni sadrzaj polifenola i antioksidativne
aktivnosti bjeljike, srzi i dijelova kore drva triju vockarica koje se uzgajaju u Turskoj: masline (Olea europaea
L.), nuspule (Eriobotrya japonica Lindl.) i draguna (Diospvros lotus L.). Najprije su od dijelova odabranih sta-
bala izolirani produkti hidrodestilacije (esencijalna ulja, hidrosol, vodeni ekstrakt), a zatim su za analizu izoli-
rani i ekstrakti u metanolu i etanolu. Protugljivicna aktivnost esencijalnog ulja, hidrosola, vodenog ekstrakta te
ekstrakata u metanolu i etanolu odredena je na primjeru gljive uzrocnice smede trulezi, Coniophora puteana.
Osim toga, istrazeni su sadrzaj polifenola i antioksidativna aktivnost ekstrakta u metanolu i etanolu. Rezultati
pokazuju da esencijalna ulja iz dijelova vockarica usporavaju rast gljiva. Svi vodeni ekstrakti i hidrosol nisu
pokazali protugljivicno djelovanje na C. puteana. Utvrdeno je da drvo masline ima jacu protugljivicnu aktivnost
nego drvo nuspule i drvo draguna. Ekstrakt kore nuspule u metanolu ima najveci ukupni sadrzaj fenola, ukupni
sadrzaj flavonoida i kondenziranog tanina u usporedbi s dijelovima ostalih vrsta drva. Nadalje, za ekstrakt kore i
srzi drva nuspule u etanolu i metanolu utvrden je najveci ukupni sadrzaj polifenola i antioksidativna aktivnost od
svih triju vockarica. Na temelju tih rezultata moze se zakljuciti da dijelovi istrazivanih vockarica imaju manje ili
vise protugljivicno i antioksidativno djelovanje, ovisno o parametrima istrazivanja te se stoga mogu ocijeniti kao

alternativni prirodni izvori protugljivicnih i antioksidativnih sredstava.

Kljucéne rijeci: antioksidativno sredstvo; protugljivicno sredstvo; kora, dragun; nuspula; maslina; drvo

1 INTRODUCTION
1. UVOD

Turkey is characterized by great bioclimatic and
geomorphological diversity, and is located at the in-
tersection of three biogeographical regions (Euro-Si-
berian, Mediterranean and Irano-Turanian) (Noroozi
et al., 2019). In Turkey, where forests cover 28.6 %
(22.3 million ha) of the land, about 75 fruit species,
including 59 temperate zone and 16 subtropical fruit
species are commercially grown (FAO, 2018). The
main fruits produced in Turkey can be summarized as
follows: olive, grape, bananas, kiwi, avocado, figs,
pome fruits (apple, pears, medlar, quinces, loquats),
citrus fruits (oranges, mandarin, lemons, grapefruits),
stone fruits (peaches, plums, apricots, wild apricots,
cherries, sour cherries, cornel, oleaster), nuts (al-
monds, hazelnuts, walnuts, chestnuts, pistachios),
and other fruits such as mulberry, pomegranates,
strawberries, persimmons, carobs, raspberry, black-
berry, blueberry (TUIK, 2018a).

Olive tree (Olea europaea L.) belongs to the
Oleaceae family, which is a medium-sized family of ap-
proximately 25 genera and 688 species, and is a long-
lived evergreen tree. It is grown, both in the northern and
southern hemispheres, between 30° and 45° latitude, in
areas up to 2000 m high in Argentina, in areas below sea
level in the Jordan Valley and Israel. Italy, Turkey,
Greece, Spain, Cyprus, Portugal, Tunisia, Morocco,
Syria, Algeria, France, Libya, former Yugoslavia, Egypt,
Jordan and Israel produce about 97 % of the world sup-
ply of olives today (CABI, 2019a). Olive tree is famous
with its fruit and it has commercially important as the
main source for the production of olive oil in the Medi-
terranean region (Ghanbari ef al., 2012).. Turkey has a
big potential for olive production and this production
shows a tremendous increase every year. According to
2018 data, in Turkey, the total number of olive trees is
177,843.000 and the total production including table ol-
ives and oil is 1,500.467 tons (TUIK, 2018b).

Loquat (Eriobotrya japonica (Thunb.) Lindl.)
belongs to the Rosaceae family, having 92 genera and
2,805 species of herbs, shrubs and trees, and it is a
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small evergreen tree that occasionally growing up to 10

meters. Loquat is indigenous to south-eastern China

and Japan, and generally loquats are found between
latitudes of 20° and 35° north and south. In addition,
loquats are widely grown across India and South-East

Asia, the Mediterranean region (particularly Spain and

Turkey), the East Indies, Australia, New Zealand,

South Africa and Madagascar (CABI, 2019b). Loquat

has a high medicinal value and its various parts have

been utilized as traditional medicine. In Chinese folk
medicine, the extracts of loquat have been used for the
cure of various illnesses such as chronic bronchitis,
cough, diabetes, inflammation, and cancer (Liu ef al.,

2016). According to 2018 data, in Turkey, the total

number of loquat trees, including bearing and non-

bearing, is 285 thousand (TUIK, 2018c).

Date plum (Diospyros lotus L.) is a deciduous
tree that can grow up to 15 meters. It spreads from
north Anatolia, Caucasia and Iran to Afghanistan, In-
dia, China and Japan (Mamikoglu, 2007). It has been
proven that its fruit is a natural source of antioxidants
(Gao et al., 2014) and exhibits hypoglycemic proper-
ties (Zhang et al., 2018) and anti-tumor-promoting ac-
tivities (Rauf et al., 2016). In addition, all three fruit
trees (olive, loquat and date plum) have diffuse-porous
wood, paratracheal and apotracheal longitudinal paren-
chyma cells, and uniseriate and biseriate heterocellular
rays (Topaloglu et al., 2019).

As a result of the literature research, it was deter-
mined that the antifungal and antioxidant properties of
leaves and fruits of the three fruit trees were investi-
gated rather than wood properties of the trees. If these
mentioned properties of stem wood and bark of these
fruit trees are known, their potential use will increase
in different areas. Therefore, the purposes of this study
are:

- to determine the antifungal properties of ethanol and
methanol extracts and hydrodistillation products
such as essential oil, hydrosol and hot-water extract
of sapwood, heartwood and bark of fruit trees,

- to determine the total polyphenol contents and anti-
oxidant activity of ethanol and methanol extracts of
sapwood, heartwood and bark of these trees.
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2 MATERIALS AND METHODS
2. MATERIJALI | METODE

2.1 Sample trees
2.1. Uzorci drva

In this study, olive (Olea europaea L.), loquat
(Eriobotrya japonica Lindl.) and date plum (Diospyros
lotus L.) trees were taken as raw materials. A total of
three trees of 30 cm in diameter and 45-50 years of age,
with straight bole, no pests and diseases, and showing
normal branching, were selected as the experiment ma-
terials. Olive and date plum trees were obtained from
Artvin city, Yusufeli District (40°53" north latitude -
41°42" east longitude) and loquat tree from Trabzon
city, Arsin District (40°55" north latitude - 39°56" east
longitude) located in the Black Sea region of Turkey.

2.2 Preparation of test samples
2.2. Priprema ispitnih uzoraka

After harvesting, the logs were cut from these
trees and barks were separated from these logs. These
barks and logs were naturally air-dried. Then, each log
was sawn into the boards having sapwood and heart-
wood. These samples were conditioned at 20 °C tem-
perature and 65 % relative humidity until they reached
to 12 % moisture content. Air-dried particles of wood
were grounded using a laboratory mill (Thomas-Wiley)
screened and the samples stayed above 60 mesh were
taken and prepared for analysis. All test samples were
labeled as bark, sapwood and heartwood. Firstly, the
hydrodistillation products (essential oil, hydrosol, hot
water extract) of grounded samples were obtained in
this study, and also ethanol and methanol extracts of
the grounded samples were prepared.

2.3 Hydrodistillation products
2.3. Produkti hidrodestilacije

Water distillation method which is one of the hy-
drodistillation methods was used to obtain hydrodistil-
lation products (essential oil, hydrosol, hot water ex-
tract) from grounded samples. Nearly 30 g of each
grounded sample was taken and separately subjected to
hydrodistillation process using a clevenger type appa-
ratus for 3 hours according to the related method (Clev-
enger, 1928). After this process; essential oil, hydrosol,
hot water extract products were obtained and stored at
-20 °C in amber vials before analysis. Essential oil, hy-
drosol, hot water extract of studied materials were used
directly. It means the mentioned solutions were not ex-
tracted with any solvent.

2.4 Ethanol and methanol extracts
2.4. Ekstrakti u etanolu i metanolu

For extract preparation, about 5 g of grounded
sample was taken and extracted seperately with 40 ml
of ethanol and methanol solvents. These were continu-
ously stirred using a shaker (Heidolph, Promax 2020,
Schwabach, Germany) for 24 hours. Particles in the
mixtures were removed with filter paper (No.4, pore
size 20-25 um) and solutions were filter-sterilized us-
ing 0.45 pm hydrophilic polyvinylidene fluoride
(PVDF) (Y1ldiz et al., 2018). A total of 18 ethanol and
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methanol extracts were prepared from sapwood, heart-
wood and bark of three fruit trees.

2.5 Antifungal properties
2.5. Protugljivicna svojstva

In this study, antifungal properties of the samples
obtained from sapwood, heartwood and bark of fruit
trees were tested against brown rot fungus Coniophora
puteana BAM Ebw. 15, according to the method men-
tioned in the study by Singh and Tripathi (1999). First-
ly, malt extract agar solutions were prepared. Then, 15
ml of malt extract agar and 2 ml of the studied materi-
als (essential oil, hydrosol, hot-water extract, ethanol
and methanol extract) were mixed in sterilized petri
dishes, separately. After cooling, S mm x 5 mm myce-
lium of C. puteana was added to the mixture in every
petri dish. Then, all petri dishes were incubated at 22
+3 °C and 65 £5 % relative humidity. After that, the
entire petri dish diameter (millimeter) and then the fun-
gal mycelium diameter (millimeter) in petri dish were
measured at the end of the 39, 5% and 7% day using
Digimizer Image Analysis Software program version
5.4.1. Fungal growth rate (%) was calculated as a per-
centage ratio of the mycelium diameter to the entire
petri dish diameter. All experiments were replicated
three times.

2.6 Total polyphenol content and antioxidant
activity
2.6. Ukupni sadrzaj polifenola i antioksidativho
djelovanje
In this study, total polyphenol content and anti-
oxidant activity of ethanol and methanol extracts were
investigated. Total polyphenol contents were deter-
mined by three different assays: total phenolic content
(TPC), total flavonoid content (TFC) and condensed
tannin content (CTC). Also, Ferric Reducing Antioxi-
dant Power (FRAP) was tested as antioxidant activity.

2.6.1 Determination of total polyphenol content
. Utvrdivanje ukupnog sadrzaja polifenola

2.6.1
2.6.1.1 Total phenolic content (TPC)
2.6.1.1. Ukupni sadrzaj fenola (TPC)

Total phenolic content (TPC) measurements
were made according to Folin-Ciocalteu method men-
tioned by Slinkard and Singleton (1977). This method
briefly outlined as follows: 680 pL distilled water, and
400 pl Folin-Ciocalteu reagent (0.5 N), 20 ul various
concentrations of gallic acid were prepared and mixed
with samples in a tube and vortexed. After 3 min incu-
bation, 400 ul Na,CO, 10 % (v/v) solution was added
into the tube and vortexed again. Then, the mixture
was incubated for 2 hours at 20 °C. After this incuba-
tion period, the absorbance of these sample mixtures
was determined using an UV-VIS spectrophotometer at
760 nm. The measurement results were expressed as
mg gallic acid equivalents (GAE) per g dry weight of
the sample.

2.6.1.2 Total flavonoid content (TFC)
2.6.1.2. Ukupni sadrzaj flavonoida (TFC)

Total flavonoid content (TFC) measurements of
the samples were performed according to the method
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previously reported by Fukumoto and Mazza (2000).
In brief, 0.5 ml sample, 0.1 ml 10 % AI(NO,), and 0.1
ml I M NH,-CH,COO were put into test tubes and in-
cubated for 40 min. at room temperature. Then, the ab-
sorbances of the samples were measured against a
blank at 415 nm. Results of this analysis were ex-
pressed as mg quercetin equivalents (QE) per g dry
weight of the sample.

2.6.1.3 Condensed tannin content (CTC)
2.6.1.3. Sadrzaj kondenziranog tanina (CTC)

Condensed tannin content (CTC) measurements
of samples were carried out according to the method
reported by Julkunen-Tiitto (1985). Before measure-
ment, 750 pl 4 % vanillin (prepared with MeOH) and
various concentrations of 25 pl from extracts of wood
samples were mixed. After this step, 375 pl concen-
trated HCI was added to the mixture. This solution was
thoroughly mixed and then incubated for 20 min at
room temperature under darkness condition. In this
measurement, the absorbance of samples was read at
500 nm against a blank. In order to make the standard
curve (0.05—1 mg/ml), (+)-catechin was used as stand-
ard. The analysis results were expressed as mg of cat-
echin equivalent (CE)/g of dried sample.

2.6.2 Antioxidant activity
2.6.2. Antioksidativno djelovanje

2.6.2.1 Ferric reducing antioxidant power (FRAP)
2.6.2.1. Redukcijska antioksidativna snaga zZeljeza
(FRAP)

Ferric reducing antioxidant power (FRAP) assay
of the samples was carried out as stated by Benzie and
Strain (1996) with a slight modification. According to
this method, the fresh FRAP reagent was prepared by
using the mixture of 300 mM acetate buffer (pH 3.6)
with 10 mM, TPTZ solution in 40 mM HCI and 20 mM
FeCl, 6H,O solution. Also, 3ml FRAP reagent was

mixed with 100 pl samples and this mixture was incu-
bated at 37 °C for 4 min. The absorbance of the sample
was measured at 593 nm against reagent blank contain-
ing distilled water. FeSO,-7H,0 was used for measure-
ment as positive control. FRAP values were determined
as umol FeSO,-7H,O g dry weight of the sample.

2.7 Statistical analysis
2.7. Statisticka analiza

Statistical analysis was performed using the SPSS
23.0 version. Analysis of variance (One-Way ANOVA)
for all experimental parameters was performed on the
basis of the 95 % confidence interval. The mean and
standard deviation values of each group were calculated.
Duncan’s homogeneity test was performed to determine
significant differences among parameters.

3 RESULTS AND DISCUSSION
3. REZULTATI | RASPRAVA

3.1 Antifungal activity
3.1. Protugljiviéno djelovanje

Mean values of fungal growth rates (%) of C.
puteana on solutions of date plum tree parts in petri
dishes are presented in Table 1.

Results showed that the essential oil and ethanol
extract of both sapwood and heartwood of date plum
tree, as well as the essential oil of date plum tree bark
completely inhibited fungal growth of C. puteana at
the end of the seventh day. Hot-water extract and hy-
drosol of sapwood, heartwood and bark of date plum
tree did not show antifungal activity. It was also ob-
served that the methanol extract of all three parts of
date plum tree showed no anti-fungal activity after the
third day. According to the results of One-Way ANO-
VA test, there were statistically significant differences
between control and test samples (P<0.05), control

Table 1 Fungal growth rates of C. puteana on solutions of date plum tree parts in petri dishes (%)
Tablica 1. Stupanj rasta gljive C. puteana na otopinama dijelova drva draguna u Petrijevim zdjelicama (%)

Tree parts Solutions 3 day 5t day 7" day
Dijelovi drva Otopina Treci dan Peti dan Sedmi dan
Hot-water extract / vodeni ekstrakt 7.52 (1.80) 52.49 (8.13)° | 100.00 (0.00)
S d of date plum ¢ Hydrosol / hidrosol 8.89 (2.62)¢ 49.51 (6.21)° | 100.00 (0.00)
apwood ot date pium Uee 'y rohanol extract / ekstrakt u metanolu | 0.00 (0.00) | 8.30 (0.42)° | 12.35 (0.49)°
bjeljika drva draguna
Ethanol extract / ekstrakt u etanolu 0.00 (0.00)* 0.00 (0.00)* 0.00 (0.00)*
Essential oil / esencijalno ulje 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)*
Hot-water extract / vodeni ekstrakt 7.91 (1.24)¢ 64.58 (9.03)" | 100.00 (0.00)"
Heartwood of date plum ¢ Hydrosol / hidrosol 8.26 (0.25)¢ 54.21 (5.67) | 100.00 (0.00)
cartwooc ot date plum tee Iy y othanol extract / ekstrakt u metanolu | 0.00 (0.00% | 10.91 (1.28)* | 21.75 (1.76)!
svz drva draguna
Ethanol extract / ekstrakt u etanolu 0.00 (0.00) 0.00 (0.00)* 0.00 (0.00)
Essential oil / esencijalno ulje 0.00 (0.00)* 0.00 (0.00)* 0.00 (0.00)*
Hot-water extract / vodeni ekstrakt 6.23 (0.03)° 37.11 (5.25)¢ 57.42 (4.97)
Bark of date nlum ¢ Hydrosol / hidrosol 3.11 (1.41) 16.70 (3.42)° 58.74 (5.07)°
ark of date plum free Methanol extract / ekstrakt u metanolu | 0.00 (0.00)* 1.37 (0.28)° 8.53 (0.37)°
kora drva draguna
Ethanol extract / ekstrakt u etanolu 0.00 (0.00) 1.09 (0.12)* 3.32 (0.28)"
Essential oil / esencijalno ulje 0.00 (0.00)* 0.00 (0.00)" 0.00 (0.00)*
Control / kontrolni uzorci 11.41 (0.58)¢ 67.28 (1.81)" | 100.00 (0.00)"

Values in parenthesis are standard deviations. Different superscript letters in the same column indicate significant difference by Duncan’s ho-
mogeneity test, P<0.05. / Vrijednosti u zagradama standardne su devijacije. Razlicita slova u eksponentu u istom stupcu upucuju na znacajnu

razliku utvrdenu Duncanovim testom, P<0,05.
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Table 2 Fungal growth rates of C. puteana on solutions of loquat tree parts in petri dishes (%)

Tablica 2. Stupanj rasta gljive C. puteana na otopinama dijelova drva nuspule u Petrijevim zdjelicama (%)

Tree parts Solutions 3rd day 5t day 7" day
Dijelovi drva Otopina Treci dan Peti dan Sedmi dan
Hot-water extract / vodeni ekstrakt 8.15(2.83) | 57.42(4.97¢ | 100.00 (0.00)
Hydrosol / hidrosol 7.89 (127)% | 59.77 (1.66) | 100.00 (0.00):
Sapwood of loquat tree Methanol extract / ekstrakt u metanolu | 0.00 (0.00%* | 0.00 (0.00): 0.00 (0.00)*
bjeljika drva nuspule
Ethanol extract / ekstrakt u etanolu 0.00 (0.00% | 1.98(0.03) 16.88 (2.65)°
Essential oil / esencijalno ulje 0.00 (0.00)* 45.63 (2.31)¢ 54.13 (3.01)¢
Hot-water extract / vodeni ekstrakt 9.07 (0.39)° 74.65 (6.57)¢ 100.00 (0.00)¢
Hydrosol / hidrosol 439 (0.41) | 34.55(3.61) | 59.77 (1.66)
gga;r?;z;‘;full‘;q“at €€ Methanol extract / ekstraki u metanolu | 0.00 (0.00y | 2.05(0.98) | 15.03 (137)
Ethanol extract / ekstrakt u etanolu 0.00 (0.00)* 0.00 (0.00) 0.00 (0.00)*
Essential oil / esencijalno ulje 0.00 (0.00% | 0.00 (0.00) 0.00 (0.00)"
Hot-water extract / vodeni ekstrakt 6.19 (1.68)° 29.79 (3.12)* 87.95 (0.08)"
Hydrosol / hidrosol 6.33 (0.99)« 38.67 (6.08)° 55.73 (0.59)¢
Bark of loquat tree Methanol extract / ekstrakt u metanolu | 0.00 (0.00)° | 1.20 (0.29) 10.37 (0.52)°
kora drva nuspule - - :
Ethanol extract / ekstrakt u etanolu 0.00 (0.00)* 0.00 (0.00)* 0.00 (0.00)
Essential oil / esencijalno ulje 0.00 (0.00% | 0.00 (0.00) 0.00 (0.00y°
Control / kontrolni uzorci 11.41 (0.58)" | 67.28 (1.81)" | 100.00 (0.00)

Values in parenthesis are standard deviations. Different superscript letters in the same column indicate significant difference by Duncan’s ho-
mogeneity test, P<0.05. / Vrijednosti u zagradama standardne su devijacije. Razlicita slova u eksponentu u istom stupcu upucuju na znacajnu
razliku utvrdenu Duncanovim testom, P<0,05.

Table 3 Fungal growth rates of C. puteana on solutions of olive tree parts in petri dishes (%)

Tablica 3. Stupanj rasta gljive C. puteana na otopinama dijelova drva masline u Petrijevim zdjelicama (%)

Tree parts Solutions 3rd day 5% day 7" day
Dijelovi drva Otopina Treci dan Peti dan Sedmi dan
Hot-water extract / vodeni ekstrakt 8.14 (2.73)c |42.01 (1.40)* | 100.00 (0.00)¢
: Hydrosol / hidrosol 8.65(3.54) [36.62 (4.56)° 100.00 (0.00)¢
Sapwood of olive tree Methanol extract / ekstrakt u metanolu | 0.00 (0.00) | 0.00 (0.00y | 2.78 (1.04)"
bjeljika drva masline
Ethanol extract / ekstrakt u etanolu 0.00 (0.00)* ]0.00 (0.00)* 0.00 (0.00)*
Essential oil / esencijalno ulje 0.00 (0.00)* |0.00 (0.00)* 0.00 (0.00)*
Hot-water extract / vodeni ekstrakt 7.68 (1.57) 139.26 (8.29)* | 100.00 (0.00)
Heartwood of olive tree Hydrosol / hidrosol 4.88 (0.72)° |56.10 (6.84)" |100.00 (0.00)¢
<% drva masline Methanol extract / ekstrakt u metanolu 0.00 (0.00)* ]0.00 (0.00)* 0.00 (0.00)*
Ethanol extract / ekstrakt u etanolu 0.00 (0.00)* |0.00 (0.00)* 0.00 (0.00)*
Essential oil / esencijalno ulje 0.00 (0.00)* |0.00 (0.00)* 0.00 (0.00)*
Hot-water extract / vodeni ekstrakt 1.46 (1.02)* [26.56 (2.21)° [38.72 (4.90)°
Bark of olive tree Hydrosol / hidrosol 5.47(0.97)° |46.13 (1.60)° |66.02 (7.18)°
. Methanol extract / ekstrakt u metanolu 0.00 (0.00)* |0.00 (0.00)* 0.00 (0.00)*
kora drva masline
Ethanol extract / ekstrakt u etanolu 0.00 (0.00)* |0.00 (0.00)* 0.00 (0.00)*
Essential oil / esencijalno ulje 0.00 (0.00)* |0.00 (0.00)* 0.00 (0.00)*
Control / kontrolni uzorci 11.41 (0.58)¢ |67.28 (1.81)¢ | 100.00 (0.00)¢

Values in parenthesis are standard deviations. Different superscript letters in the same column indicate significant difference by Duncan’s ho-
mogeneity test, P<0.05. / Vrijednosti u zagradama standardne su devijacije. Razlicita slova u eksponentu u istom stupcu upucuju na znacajnu

razliku utvrdenu Duncanovim testom, P<0,05.

samples exhibiting higher fungal growth rates than test
samples, especially at the end of the fifth day. Accord-
ing to our results presented in Table 1, the stem wood
and bark of date plum have antifungal activity. As a
result of the literature research, it was determined that
the bioactive properties of fruits, leaves and roots of
date plum tree were investigated, while those of stem
wood were not. Uddin et al. (2013) investigated anti-
microbial activities of extracted oil of D. lotus roots
and Uddin er al. (2014) examined anti-nociceptive,
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anti-inflammatory and sedative activities of the ex-
tracts of D. lotus roots.

Mean values of fungal growth rates (%) of C.
puteana on solutions of loquat tree parts in petri dishes
are presented in Table 2.

The ethanol extract and essential oil of both
heartwood and bark of loquat tree, as well as methanol
extract of sapwood of loquat tree completely inhibited
fungal growth of C. puteana at the end of the seventh
day. The hydrosol and hot-water extract of sapwood,
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heartwood and bark of loquat tree did not show anti-
fungal activity. Methanol extract of heartwood and
bark of loquat tree showed no antifungal activity after
the third day. According to the results of One-Way
ANOVA test, there were statistically significant differ-
ences between control and test samples (P<0.05). The
hot-water extract of heartwood of loquat tree, which
had the highest growth rate, was the most ineffective
against C. puteana, especially compared to the control
sample on the fifth day.

Mean values of fungal growth rates (%) of C.
puteana on solutions of olive tree parts in petri dishes
are given in Table 3.

Results showed that the ethanol and methanol ex-
tracts and the essential oil of heartwood and bark of ol-
ive tree, as well as the essential oil and ethanol extract of
sapwood of olive tree had the best antifungal activity by
completely inhibiting fungal growth of C. puteana.
Methanol extract of sapwood of olive tree extract did not
entirely prevent the fungal growth. Hot-water and hy-
drosol of all three parts of olive tree showed no antifun-
gal activity against C. puteana at the end of the seventh
day. After evaluating the results of antifungal activities
obtained in this study for all three fruit trees species, it
can be concluded that, generally, all three parts of olive
tree showed better antifungal activity compared to lo-
quat and date plum wood species.

There are many studies in the literature related to
the antifungal activity of different parts of various
wood species against wood-rot fungi. Fidah et al.
(2016) studied the antifungal activity of Cedrus atlan-
tica essential oil against four wood-decaying fungi
(Gloeophyllum trabeum, Oligoporus placenta, Coni-
ophora puteana and Trametes versicolor). They found
that the essential oil of Cedrus atlantica sawdust had
important antifungal activity against the four wood-
destroying fungi. Mihara et al. (2005) found that the
methanol extracts of Acacia auriculiformis showed
strong antifungal effects on the growth of wood rotting
fungi (Phellinus noxius and Phellinus badius), while
the extracts of Acacia mangium had no effect on the
growth of Phellinus noxius and little inhibition of Phel-
linus badius. Ates et al. (2015) examined the antifun-
gal activities of different parts of juniper (Juniperus
foetidissima) and olive (Olea europaea var. sylvestris)
wood against Pleurotus ostreatus mycelium. They
found that the extractives (concentration of 500 ppm)
of heartwood and sapwood of juniper and olive inhib-
ited (80 %) the growth of Pleurotus ostreatus myceli-
um. Timen et al. (2013), determined the antifungal
activity of hexane and ethanol extracts of heartwood
samples of three Juniperus species (Juniperus virgini-
ana, Juniperus occidentalis, and Juniperus asher)
against four species of wood-rot fungi (Gloeophyllum
trabeum, Postia placenta, Trametes versicolor, Irpex
lacteus). It was found that the hexane extracts had low-
er antifungal activity than the ethanol extracts, and the
extracts of juniper were more effective especially
against white-rot fungi compared to brown-rot fungi.
Ozgeng et al. (2017) reported that extracts of some
wood barks including Pinus pinaster L., Casuarina eq-
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uisetifolia L., Acacia mollissima L., Pinus brutia Ten.,
Abies nordmanniana showed strong antifungal activity
against brown-rot fungus; Coniophora puteana, and
white-rot fungus; Trametes versicolor. They also indi-
cated that antifungal activity rate showed an increase
with increasing the concentration of bark extract solu-
tions. Hosseinihashemi et al. (2015) investigated the
antioxidant and antifungal properties of heartwood,
bark and leaf of different fractions of Robinia pseudoa-
cacia, and they reported that ethyl acetate fraction of
bark extract showed the highest antifungal activity
against wood-rot fungi Trametes versicolor.

3.2 Total polyphenol content and antioxidant
activity

3.2. Ukupni sadrzaj polifenola i antioksidativno
djelovanje

Results of total polyphenol content (TPC, TFC,
CTC) and antioxidant activity (FRAP) of ethanol and
methanol extracts of the parts of date plum, loquat and
olive trees are given in Table 4.

As can be seen in Table 4, the highest TPC value
was determined for methanol extract of loquat bark
with 14.998 mg GAE/g and the lowest for ethanol ex-
tract of olive tree sapwood with 0.543 mg GAE/g.
Among all methanol and ethanol extracts obtained
from different parts of three fruit trees, it was found
that the ethanol extracts of barks of date plum trees
with 8.866 mg GAE/g and ethanol extracts of loquat
bark with 8.494 mg GAE/g had high TPC values.
Yildiz et al. (2018) reported that the bark of Acacia
dealbata had the highest total phenolic content. Ates et
al. (2015) determined TPC values as the antioxidant
activities of heartwood and sapwood of juniper (Juni-
perus foetidissima) and olive (Olea europaea var. syl-
vestris). They reported that the highest TPC value was
obtained from methanol extract of Juniperus foetidis-
sima heartwood. In another study, Hamad et al. (2019)
reported that the total phenolic content of bark extrac-
tives of oak and beech was 48 mg/g and 42.04 mg/g,
respectively. Gao et al. (2007) investigated the antioxi-
dant activity of methanol extract of sapwood, heart-
wood, and inner and outer bark of Port Orford cedar.
The highest TPC value was detected in the inner bark
and the lowest TPC value was observed in the heart-
wood. In addition, TPC of extracts prepared with dif-
ferent solvents (water, methanol, ethanol, 50 % etha-
nol, 50 % methanol, 70 % acetone) of Bridelia retusa
Spreng. stem bark ranged between 1.6-7.6 mg GAE
(Tatiya et al., 2011).

As seen in Table 4, the total flavonoid content
values were not found in sapwood and heartwood of
fruit trees, while TFC values were only found in barks
of all studied trees except for ethanol extract of date
plum tree and methanol extract of olive tree. The high-
est TFC was calculated in methanol extract of loquat
bark as 0.173 mg QE/g. However, in this study, TFC
values were found lower than the results reported in the
literature due to the low concentration of the prepared
solvent. Ates ef al. (2015) investigated TFC values for
both heartwood and sapwood of juniper and olive. Ac-
cording to their results, the lowest TFC was found for
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Table 4 Total polyphenol content and antioxidant activity of ethanol and methanol extracts of parts of date plum, loquat and

olive trees

Tablica 4. Ukupni sadrzaj polifenola i antioksidativno djelovanje ekstrakta u etanolu i metanolu iz dijelova drva draguna,

nu$pule i masline

Sample Part of tree | Solvent TPC TFC CTC FRAP
Uzorak Dio drva Otapalo mg GAE/g mg QE/g mg CE/g pmolFeSOJHzO/g
Sapwood E 1.282 (0.091)® - - 60.134 (1.344)¢
bjeljika M 3.789 (0.005) - - 67.475 (0.122)¢
Date plum | Heartwood E 1.139 (0.001 ) - 0.048 (0.001)* 58.673 (0.296)°
dragun STz M 3.413 (0.017)* - 0.275 (0.001)" 88.233 (1.222)f
Bark E 8.866 (0.406)" - - 230.376 (6.166)
kora M 3.518 (0.003)< | 0.0002(0.001)* | 0.131(0.001) 158.890 (0.655)"
Sapwood E 1.630 (0.045)® - - 62.186 (1.279)«
bjeljika M 2.448 (0.015) - - 58.430 (2.392)¢
Loquat Heartwood E 5.264 (0.056)° - 2.946 (0.031)! 97.994 (3.925)¢
nuSpula srz M 6.366 (2.981)° - 4.401 (0.018)° 122.141 (0.698)"
Bark E 8.494 (0.478)" 0.0003 (0.000)* | 6.815 (0.060)" 307.791 (0.531)"
kora M 14.998 (0.061)¢ 0.173 (0.001)° 7.703 (0.292) 299.251 (5.987)'
Sapwood E 0.543 (0.008)* - - 43.522 (0.009)
bjeljika M 1.647 (0.001)® - 0.269 (0.005)° 66.032 (0.887)%
Olive Heartwood E 0.774 (0.002)* - - 45.276 (0.089)"
maslina SrZ M 1.352 (0.185)® - - 90.075 (0.311)"
Bark E 1.202 (0.081)® 0.018 (0.000)° 0.301 (0.027)° 31.310 (0.789)°
kora M 0.616 (0.004)* - 1.132 (0.001)¢ 59.283 (0.512)°

TPC — total phenolic content, TFC — total flavonoid content, CTC — condensed tannin content, FRAP — ferric reducing antioxidant power, E —
ethanol, M — methanol. Values in parenthesis are standard deviations. Different superscript letters in the same column indicate significant dif-
ference by Duncan’s homogeneity test, P<0.05./ TPC — ukupni sadrzaj fenola, TF C — ukupni sadrzaj flavonoida, CTC — sadrzaj kondenziranog
tanina, FRAP — redukcijska antioksidativna snaga Zeljeza, E — etanol, M — metanol. Vrijednosti u zagradama standardne su devijacije. Razlicita
slova u eksponentu u istom stupcu upucuju na znacajnu razliku utvrdenu Duncanovim testom, P<0,05.

methanol extract of olive heartwood, while the highest
TFC was found for ethanol extract of olive sapwood.
Results of samples of the condensed tannin con-
tent (CTC) are presented in Table 4. According to these
results, it can be concluded that the methanol extracts of
loquat bark had the highest CTC value (7.703 mg CE/g),
and the second highest CTC value (6.815 mg CE/g) was
determined in ethanol extract of loquat bark. In this
study, CTC values of methanol extracts of studied tree
samples were found higher than those of ethanol ex-
tracts. In a study performed by Yildiz et. al (2018), the
condensed tannin content of methanol extracts of sap-
wood, heartwood and bark of Acacia dealbata was de-
termined as 0.620, 4.473, 4.789 mg CE/g, respectively.
FRAP, used in this study, is one of the most wide-
ly used antioxidant methods. FRAP activities of the
studied methanol and ethanol extracts ranged between
31.310 and 307.791 umol FeSO,7H,O/g. While the
ethanol extract of loquat bark had the highest antioxi-
dant activity, the ethanol extract of olive bark had the
lowest antioxidant activity. Comparing FRAP values
for different parts of three fruit trees, it was seen that
especially heartwood and bark of loquat tree showed
higher values than those of date plum and olive tree.
According to the results of One-Way ANOVA test,
there were statistically significant differences (P<0.05)
among experimental groups for TPC, TFC, CTC,
FRAP. Furthermore, taking into consideration all the
results (TPC, TFC, CTC, FRAP), it can be concluded
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that, generally, ethanol and methanol extracts of bark
and heartwood of loquat had higher values. Some dif-
ferent trends between our results and other results re-
ported in the literature can likely be attributed to vari-
ous parameters such as different concentration and
extraction methods, environmental factors, etc. Based
on these results, it was found that all the studied trees
have more or less potential to be evaluated as antioxi-
dant and antifungal activity source. Therefore, it is rec-
ommended that their potentials can be increased by
trying high concentrations and different methods.

4 CONCLUSIONS
4. ZAKLJUCAK

Important findings of this comparative study car-
ried out for three fruit trees can be summarized as fol-
lows:

Generally, essential oil of all fruit trees inhibited
the fungal growth rate of C. puteana.

All studied hot water extracts and hydrosols
showed no antifungal activity against C. puteana.

Olive tree showed higher antifungal activity
compared to loquat and date plum trees.

The highest total phenolic content (TPC), total
flavonoid content (TFC), condensed tannin content
(CTC) and antioxidant activity (FRAP) were found in
ethanol and methanol extracts of bark and heartwood
of loquat. The highest TPC, TFC and CTC were ob-
served in methanol extract of loquat bark.
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