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Abstract. In the present study, eight apple genotypes were analyzed using internal cpDNA trnL intron
sequence. Furthermore, these genotypes species were evaluated for their antioxidant activity, total
phenolic and flavonoid contents. Genotypes in question show quite a variation in biochemical
characteristics and molecular systematic analysis. One of the genotypes “Helesan” was the best graded
genotype based on the high content of the total phenolic (12,21£1,25) and total flavonoid (7,98+0,26)
content. As a result of the molecular analysis, which is one of the main aims of the study, genotypes are
comprised of three main clades with robust bootstrap (95) value. It was concluded that these genotypes
could be useful to improve genetic diversity among genotypes for breeding.
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Introduction

Hundreds of clinical trials and epidemiological studies have been carried out to
investigate the effect of diet on health. Although not all studies show a link between
vegetable and fruit and health, in a major part of them, positive correlation is observed
between vegetable, fruit consumption and health and reduced risk of some chronic
diseases such as cancer, cardiovascular diseases (Arts and Hollman, 2005; Boyer and
Liu, 2003; Lampe, 1999). This association partially may be due to the antioxidant
compounds present in fruits showing protective effect on the cell against oxidative
effect caused by reactive oxygen species (ROS) and reactive N species (RNS) (Arts and
Hollman, 2005; Henriquez et al., 2010; Scalbert et al., 2005). Therefore, it is very
important to consume foods rich in antioxidants. These compounds may reduce
oxidative stress through a number of mechanisms (Kalinowska et al., 2014). The total
antioxidant capacity of fruit extracts was measured by using spectrophotometric
approaches with DPPH (2,2-diphenyl-1-picrylhydrazyl) (Rivero-Pérez et al., 2007).
DPPH method is based on the electron transfer from an antioxidant to a free radical
(Duarte-Almeida et al., 2006).

Apple (Malus x domestica Borkh.) is among the commonly consumed fruits. In
Turkey, apple production has reached to 2.57 million ton/year (Bugem). Apple makes
up a significant part of human diet as they have sugars, acids and a number of
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biologically active compounds such as phenolic and flavonoid compound (Boyer and
Liu, 2003; Lampe, 1999; Wu et al., 2007). There is a strong link between phenolic
content of apple and antioxidant activity. The main phenolics acid found in apple is
chlorogenic acid and this compound has the ability to scavenge free radicals (Panzella
et al., 2013). The concentration of these phytochemicals including phenolics and
flavonoids compounds greatly depends on the apple genotype and the maturity stage
of the apples and is closely related to their nutritional and sensory properties (Wu et
al., 2007).

Though there are over 7,000 apple genotypes known across the globe, nowadays the
world’s production is based on a limited number of genotypes (Hokanson et al., 2001;
Patzak et al., 2012). Therefore, A genetic characterization of the apple genotypes plays
a key role in breeding programs, patent protection and nursery control (Gouldo and
Oliveira, 2001; Smolik et al., 2004). The recent advances in DNA technology have
provided several methods which may be employed for the characterization of apple
germplasm collections (Patzak et al., 2012). The trnL-F region, consisted of the trnL
intron and trnL-F spacer, has been among the commonly used chloroplast markers for
phylogenetic analyses in plants. The trnL-F region has been found to be useful in
molecular phylogenetic studies of a broad range of plant groups (Pirie et al., 2007;
Quandt et al., 2004).

Therefore, the aim of this study is: (a) to determine the total phenolic and flavonoid
contents and the antioxidant activity of the eight native apple genotypes, (b) to assess
the phylogenetic relationship between genotypes by alignments of DNA sequences from
CpDNA trnL-F region.

Material and methods
Apple genotypes

Eight apple genotypes (Benekli, Helesan, Hese, Ovacin, Seva Zer, Sivi Sirin, Sivi
Tirs, Sohrik) from Malus domestica otor were analyzed in this study. The name of the
apple genotypes is given in Table 1.

Table 1. Total phenolic and total flavonoid contents of peel for different apple genotypes

Apple genotypes TPC TFC
(mg GAE/g) | (mg RE/qQ)
1. Benekli 3,75+1,64% | 4,49+0,13¢
2. Helesan 12,21+1,25% | 7,98+0,26°
3. Hese 5,22+0,83% | 5,21+0,22"
4. Ovacin 4,23£0,56™ | 4,79+0,16%
5. Seva Zer 2,57+0,41° | 4,02+0,11°
6. SiwviSirin | 4,67+0,21% |5,01:£0,38%
7. Swvi Tirs 4,87+0,20° | 5,37+0,19"
8. Sohrik 5,78+0,31° | 5,47+0,17°

TPC - total phenolic content; TFC — total flavonoid content; GAE — gallic acid equivalents; RE — rutin
equivalent. The results were expressed as mean + standard deviation. Means sharing the same letter in a
column are not significantly different by Duncan’s multiple range test at P < 0.01
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All genotypes were identified by specimen. The apples were collected during harvest
seasons (June-August, 2013-2015). Fresh peel was manually separated from the pulp
and seeds with the help of pens and forceps and then was dried until reaching a constant
weight. The fresh peel was powdered with mortar and pestle by methanol (80 %) and
was shaken at dark for a night. The extracts were evaporated by the rotary evaporator
and solutions of 1 mg/ml concentration were prepared. For phylogenetic analysis, the
leaves belonging to each apple genotypes were protected in silica gel and the samples
were homogenized with liquid nitrogen and stored at -20°C.

Preparation of apple genotypes

The powdered peels from eight apple genotypes were weighted (1.0 gr) and mixed
with methanol (80 %). The samples were homogenized with the homogenizer for 2
minutes and subjected to the ultrasound for five minutes. The extracts were shaken on
an orbital shaker at midnight and evaporated to dryness. The concentration of all crude
extracts was adjusted to the same value through addition of 80 % methanol.

Total phenol contents

Total phenolic contents (TPC) of powdered apple peels were performed by methods
involving Folin—Ciocalteu reagent and gallic acid as standard (Slinkard and Singleton,
1977). Extract solution (0.1 ml) containing 1,000 mg extract was taken in a tube, and 1
ml Folin—Ciocalteu reagent was added and the flask was shaken thoroughly. After 3
min, 1 ml of solution of 6 % Na,CO3; was added and the mixture was allowed to stand
for 1 h with intermittent shaking. Absorbance was measured at 760 nm with a Shimadzu
UV mini 1240 spectrophotometer (Japan). The same procedure was repeated to all
standard gallic acid solutions.

Total flavonoid content

The total flavonoid content was estimated using aluminum chloride colorimetric
assay (Zhishen et al., 1999; Zou et al., 2004). The 0.5 ml of test samples solution in
methanol were mixed with 2 ml of distilled water and 150 pl of 5 % sodium nitrate.
After 6 min, 150 pl of 10 % aluminum chloride and 2ml of 1 M sodium hydroxide were
added and left at room temperature for 15 min. The absorbance of mixtures was
measured at 510 nm. Rutin was used as a standard to determine flavonoid contents of
the grape seed extracts.

DPPH assay

DPPH (2,2-diphenyl-1-picrylhydrazyl) assay was performed in accordance with
(Villano et al., 2006). Concentrations were adjusted to 1, 5 and 10 mg/ml respectively.
Briefly, 1 ml of sample was added to the freshly prepared 4 ml of 0.01 mM DPPH
solution (dissolved in methanol), incubated for 15 min in dark conditions and measured
at 517 nm (Eq. 1).

DPPH activity (% incubation) = (AC — A_L) / A.x 100 (Eq. 1)

(Ac: Control Absorbance, A;: Sample Absorbance)
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Statistical analysis

Results obtained were reported as mean + SD of triplicate measurements.
Significance differences for multiple comparisons were determined by one way analysis
of variance (ANOVA) followed by Duncan test with a = 0.01 using SPSS (version 20).

DNA isolation, PCR condition and phylogenetic analysis

DNA was extracted from leaf tissues of genotypes according to CTAB (cetyl
trimethylammonium bromide) method (Doyle, 1987). DNA quality was checked on 1 %
agarose gel and then quantification was measured by using the Nanodrop (Thermo). To
achieve the amplification of trnL-F region of chloroplast (cp) genome, PCR was
performed in 25 pl volume. That volume was occurred from 3 pl (100 ng) DNA
template 2,5 pl 10X taq buffer, 3 pl MgCly, 1 pl forward, reverse primers and 10 mM
dNTP mix, 0,25 ul Taq polymerase and finally 13 pul ddH,O. PCR products were
separated by gel electrophoresis on 1.5 % agarose gels, containing ethidium bromide,
and photographed under UV light in a gel doc system. PCR products of trnL-F region
were sequenced by lontek Company, Istanbul, Turkey.

Alignment and phylogenetic analysis

The sequences obtained were blasted (basic local alignment search tool) in NCBI
(National Center for Biotechnology Information) database and percentage homology
scores were assessed to identify apple genotypes. Phylogenetic trees were done with
MEGA version 6 using a neighbor-joining algorithm with bootstrap analyses for 1,000
replicates.

Results and discussion
Antioxidant properties
Total phenolics and flavonoids

The total phenolic content (TPC) and the total flavonoid content of the apple peel of
all genotypes, quantified as gallic acid equivalent and rutin respectively, are shown in
Table 1. The TPC varied considerably depending on the genotype. Of all the apple
genotypes, the highest TPC was observed in Helesan, whereas Seva Zer had the lowest
TPC. In addition, the highest total phenolic content (TFC) was found in Helesan
followed by Sohrik. As regards total flavonoid contents, they changed between 4,02 and
7,98. There was a significant difference at p < 0.01 between all samples for the total
phenolic and flavonoid contents.

These results are incongruent with (Vieira et al., 2009; Manzoor et al., 2012) but
in line with the results of (Wolfe et al., 2003; Faramarzi et al., 2014; Leahu and
Ropciuc, 2013).

According to the results of previous studies (Awad and de Jager, 2000; Duda-Chodak
et al., 2011; Escarpa and Gonzalez, 1998; Lata et al., 2009), it can be noted that some
apple genotypes have higher TPC than others (Kalinowska et al., 2014). For example,
the peel of ‘Red Rome’, ‘Idared’, ‘Fiesta’, ‘Fuji’, ‘Gloster’, ‘McIntosh’ and ‘Pilot’
contains higher amount of chlorogenic acid in comparison to other varieties, whereas
‘Elan’, ‘Elstar’ and ‘Jonamac’ show the lowest content of chlorogenic acid. ‘Red

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 15(4):2035-2044.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1504_20352044
© 2017, ALOKI Kft., Budapest, Hungary



Inal et al.: The comparison of total phenolic content, antioxidant capacity and molecular analysis of some selected turkish apple
(Malus spp.) genotypes
- 2039 -

Rome’, ‘Prima’, ‘Pilot’ and ‘Elstar’ possess high amount of catechin and epicatechin in
peel. ‘Starking Delicious’, ‘Gloster’, ‘Golden Delicious’, ‘Granny Smith’, ‘Idared’ and
‘Monroe’ possess high content of phloridzin. While the peel of ‘McIntosh’ and
‘Reineta’ are abundant in procyanidin B1, ‘Elstar’ and ‘Idared’ in procyanidin B2,
‘Gloster’, ‘Idared’, ‘Lobo’ and ‘Elstar’ are rich in procyanidin C1. The composition of
the peel dependent on apple genotype differs significantly. However, most of the
phloridzin, procyanidines B2 and C1, catechin and epicatechins are present in apple
fruit (Carbone et al., 2011). The differences among TPCs can be attributed to the
presence of the mixture of different cyanidin glycosides (Tsao et al., 2005; Wolfe et al.,
2003) or to the biosynthesis pathway of phenolic compounds (Treutter, 2001; Wang et
al., 2013). Fruit maturation also plays an important role on the concentration of the
phenolic compounds in apple peel (Treutter, 2001). Moreover, since all eight apple
genotypes tested in the present study were grown in the same region with similar
ecological conditions, the variation in total phenolics and flavonoids demonstrates that
the genetic variability may have given rise to the differences in the biosynthesis of
phenolic secondary metabolites.

DPPH radical scavenging activity

The DPPH free radical is a constant free radical which has been utilized as a tool for
determination of free radical scavenging activity of antioxidants (Acharya et al., 2012;
Fenglin et al., 2004; Oyaizu, 1986). The results are presented in Table 2. According to
DPPH scavenging activity assay results, the highest scavenging capacity was found in
Hese extract followed by Sivi Sirin of 5 mg/ml concentration with a clear difference,
and for all the genotypes studied these values ranged between 79,62 % and 77,43 %.

Table 2. Free radical scavenging activity (Percentage) of 8 different apple genotypes in the
concentrations of 5 mg/ml by DPPH reduction

Genotypes | Inhibition (%)
Benekli 77,43
Helesan 74,92

Hese 79,62
Ovacin 75,86
Seva Zer 77,74
Sivi Sirin 78,06
Swvi Tirg 77,43
Sohrik 77,74

Our findings are in disagreement with some research results (Jelodarian et al., 2012;
Yoshizawa et al., 2005), but consistent with some others (Manzoor et al., 2012;
Sownthariya and Shanthi, 2015).

It has been noted that free radical scavenging activity of the plant based food
(fruits and vegetables) extracts principally arise from phenolic compounds, which
are largely distributed in the epidermal tissue (Cheng et al., 2006; D’ Abrosca et al.,
2007). Furthermore, the method used for determination of antioxidant activity has
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various effects on results. It should be mentioned that antioxidant activity can be
affected by the solvent type. As different extraction solvents differ greatly in terms
of polarity, their extracting abilities for different compounds are different (Kong et
al., 2012; Li et al., 2014, Liu et al., 2009; Razali et al., 2012). For example, Li et al.
(2014) reported that DPPH values of 10 crab apples (Malus wild species) ethanol
extracts were found 6 times higher than ethyl acetate extracts on average. Apart
from the solvent type used, the extraction method used is another important
parameter. He et al. (2015) used three different extractions methods (microwave-
assisted extraction, ultrasound-assisted extraction and water bath extraction) for the
extraction of apple polyphenols and concluded that microwave-assisted extraction
was much better than the other two methods.

Molecular phylogeny of apple genotypes using the chloroplast trnL-F DNA sequences

Chloroplast DNA (cpDNA) is a robust tool for inferring the interspecific relationship
between the plant taxon. To study the genetic relationship of the interspecific genotypes
between trnL (UAA) 3'exon and trnF (GAA) gene is known quite informative
(Ashworth, 2017; Taberlet et al., 1991). In this study, a molecular phylogenetic analysis
of eight apple genotypes commonly consumed in Turkey was performed by using trnL-
F cpDNA sequences.

trnL-F cpDNA sequences are usually used for molecular classification plant
cultivars, genotypes, species and interspecies analyses (Ashworth, 2017). In our study,
ML and NJ phylogenetic analysis of trnL-F sequences showed almost the same profile
but only NJ tree with Mespilus germenica out group is presented here (Figure 1).
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Figure 1. Phylogenetic analysis of apple genotypes based on trnL-F chloroplast region with
Neighbour-Joining method (numbers on branches show the bootstrap value)

Based on the NJ tree, genotypes are comprised of three main clades with a robust
bootstrap (95) value. The widest of these three clades comprised the Sivitirs, Helesan 4,
Hese 3, Hese 4, Sevazer, Helesan 6, Ovacin, Hese 2, Helesan 7, Helesan 1 and Sohrik
genotypes. The second clade comprised only Benekli genotype and Sivisirin constituted
the obviously separated clade (Figure 1). In the first clade, it was found that all replicate
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genotypes fell within the same group. Thus, genetic relationships of the apple genotypes
based on trnL-F region were estimated to be quite effective. There are many
phylogenetic studies that found that trnL-F cpDNA region was quite effective for
separating plant genotypes (Ashworth, 2017; Zhang et al., 2014; Zhang et al., 2016). In
the present study, polymorphism of trnL-F analysis was found to be more informative.
It produced fairly clear dendrogram that explains all apple genotypes according to
morphological character and aromatic properties. To support this point in our analysis,
Sivisirin apple genotype, which has different aromatic feature (it is known so sweet),
comprised an evidently separated clade (Figure 1). Furthermore, this genotype has the
highest inhibition rate (78 %) in DPPH analysis (Table 2). Sivisirin also showed a
different value according to other genotypes in TPC and TFC analysis (Table 1).

Conclusion

This study was carried out to determine the biochemical and molecular relationships
of eight apple genotypes that were collected from different regions of Turkey. The
relevant genotypes show quite variation in biochemical characteristics and molecular
systematic analysis. “Helesan”, one of the genotypes, was the best graded genotype
based on the high content of the total phenolic (12,21+1,25) and total flavonoid
(7,98+0,26) content. As a result of the molecular analysis, which is granted as one of the
main points of the study, genotypes are comprised of three main clades with a robust
bootstrap (95) value. The widest of these three clades comprised the Sivitirs, Helesan 4,
Hese 3, Hese 4, Sevazer, Helesan 6, Ovacin, Hese 2, Helesan 7, Helesan 1 and Sohrik
genotypes. The second clade comprised only the Benekli genotype and Sivisirin
comprised the obviously separated clade. Consequently, it is expected that this study
will be a useful step for the molecular biotechnology breeding in horticulture
agriculture. These local apple genotypes can also be assessed as a quite important
source of genes for apple breeding program and for the production of value added apple
genotypes. Hence, further studies are recommended on local and ancient genotypes to
identify their biological potentials.
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