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Abstract: The aim of this study was to compare certain important fruit quality parameters such
as sugars, organic acids, total phenolic content, antioxidant capacity, and volatile compounds of
10 commercial strawberry cultivars grown in the research and experimental area in Yaltir Agricultural
Company located in Adana provinces of Turkey. As for the sugar content of strawberry fruits,
fructose was identified as the dominant sugar and the highest value (4.43%) was found in the cultivar
“Rubygem”. In terms of organic acid, among the examined strawberry cultivars, “Calinda” had
the greatest level of citric acid (711.45 mg g~!). Regarding vitamin C content, the highest amount
was found in the cultivar “Sabrina” (25.08 mg 100 g~ !). Ellagic acid was the main phenolic acid
in all examined cultivars (except the “Plared” cultivar), and the highest amount was detected in
the “Fortuna” cultivar (3.18 mg 100 g‘l). We found that the cultivar FL-127 had the highest total
phenolic content (158.37 mg gallic acid equivalent 100 g_l fresh weight base). Regarding antioxidant
capacities, the highest value (88.92%) was found in the cultivar Victory among all the cultivars
studied. The detailed analysis of volatile compounds was performed by gas chromatography/mass
spectrometry (GC/MS) and 34 compounds were detected. Among them, esters, acids, and alcohols
were found to be the major volatile compounds in strawberry fruits. In conclusion, strawberry fruits
belong to ten cultivars showed abundant phenolic compounds and at the same time have high
antioxidant activity.

Keywords: strawberry; sugars; organic acids; phenolic compounds; volatile compounds;
SPME/GC/MS; HPLC

1. Introduction

Over the past two decades, interest in research to determine health compounds in
fruits has increased [1]. Colorful berries are rich in biochemical content and supply lots
of health benefits for humans. They are rich in bioactive compounds such as phenolic
acids, flavonoids, sugars, organic acids, and anthocyanins [2,3]. Strawberry is a member
of the genus Fragaria (family: Rosaceae) and one of the most important economic berry
fruits that are cultivated throughout the world. Today;, it is widely cultivated, especially
in Europe, and can be consumed not only fresh but also processed into marmalade, jam,
fruit juice, and beverages. Strawberry fruits are an important source of health-promoting
compounds for mankind. Among the berries, it is the most preferred due to its pleasant
aroma, charming color, good taste, flavor, and bioactive compounds [4-6].
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It is well known that phenolic composition strongly affects the quality of the fruits
and contributes to both their sensory-organoleptic properties and their nutritional values.
They affect the taste of products and create a sour taste. Anthocyanins are the most notable
and quantitatively the most important type of polyphenol in strawberries. Anthocyanins
is one of the phenolic compounds, are responsible for the bright red color of the fruit.
The concentration and composition of anthocyanins are important for the sensory quality
of fruits and products, in addition to their possible health benefits. Recent studies have
focused on determining the bioactive compound of diverse strawberry varieties and
reveal the best one and determining the factors that affect the composition of this unique
fruit [7-13].

Carbohydrates (sugars) and organic acids are the major factors that influence the
organoleptic properties of fruits. The organic acid—sugar ratio is also an important criterion
to characterize fruit flavor. Organic acids show antioxidant properties, which explains their
extensive use for pharmacological purposes. The organic acid content of strawberry fruits
changes according to the genotypic background of the plant and the variety has a decisive
role on the taste of the fruit by affecting the acid-sugar balance [14-16].

Fruit volatile compounds and taste are the results of a special assortment and mixture
of different metabolites. While sugars and acids contribute to sweetness and tartness, the
aroma is derived from combinations of volatile molecules. The different proportions of
the volatile components and the presence or absence of trace components often determine
aroma properties. The flavor of cultivated strawberries is mainly determined by a complex
mixture of esters, aldehydes, alcohols, and sulfur compounds [17,18]. Because of their
typical aroma, strawberries have always been the candidate of choice in aroma analysis.
In addition, the chemical basis of strawberry flavor has been studied in depth. The flavor
industry can supply synthetic flavors of many food types [18]. Aroma is one of the most
essential ingredients in strawberries. However, recent research has shown that the contents
of bioactive compounds depend largely on the strawberry variety, while seasonal changes
have a comparative effect. In addition, these compounds show positive effects on human
health due to antioxidant, antiallergic, anticarcinogenic, and antimicrobial effects of the
fruit [11,12].

Turkey has become one of the world’s largest strawberry producers in recent years [19].
Strawberry varieties examined in the study are widely grown in Turkey and are valuable in
European markets. These are the varieties commonly used in the juice processing industry
and fresh market use. In addition, many local (native) varieties can be used as a source for
breeding material with their special aroma and pleasant taste. In studies on strawberries in
Turkey, their pomological and chemical properties were generally examined. Studies on
organic acids, phenolic compounds, sugar, flavor, and antioxidant content of strawberry
fruit are not sufficient. Therefore, the determination of phenolic compounds, organic acids,
flavor, antioxidant capacities of these special varieties is an important research topic.

The study aimed to determine the carbohydrates (sugars), organic acids, total phenol
content, individual phenolic compounds, total antioxidant capacity, and volatile aroma sub-
stances on ten strawberry varieties grown in Adana province of Turkey. These parameters
are important in determining the quality of strawberries.

2. Materials and Methods
2.1. Plant Material

Rubygem, Fortuna, Festival, Calinda, FL 127, Plared, Sahara, Sabrina, Victory, and
E-2 strawberry cultivars were used in the study. All cultivars are grown together at the
experimental field of Yaltir Agricultural Company in Adana provinces of Turkey. About
30 fruits were homogeneously collected from each cultivar during the harvest period of
May 2019. The samples were placed in cloth bags and then transferred to the laboratory for
future analyses and stored at —80 °C in deep freeze.

“Rubygem” is a short-day strawberry cultivar that was obtained from cross-breeding
between cv. Earlibrite x cv. Carlsbad in Australia. It has an excellent sugar—acid balance
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gives it a sweet-tasting flavor. Attractive medium-sized generally conical to cordiform and
short wedge-shaped fruits give good yields. The fruit flesh is firm, sweet, and flavorful.
The fruit is glossy bright red on the outside and medium red on the inside. Resistance to
Fusarium Wilt is displayed.

“Fortuna”, originated from cross-breeding Winter Dawn x FL 99-35 by the University
of Florida. Fortuna is moderately resistant to Colletotrichum crown rot and anthracnose
fruit rots but is moderately susceptible to Botrytis fruit rot and is highly susceptible to
Phytophthora root rot. It has large, firm, glossy fruit.

The “Festival” is a cross between Rosa Linda x Oso Grande. The cultivar is dis-
tinguished by the numerous runners it produces in the fruiting field, the long pedicels
attached to its fruit, and the production of fruit that are flavorful, firm-fleshed, deep red
on the outside, bright red on the inside, conically shaped, and have large, showy calyces
when grown in Dover, Florida or the other areas that have a subtropical climate similar to
that of Dover.

“Calinda” is obtained in a planned breeding program conducted in The Netherlands
and Bonares, Andalusia, Spain. Calinda is an early-season short-day cultivar that produces
exceptionally attractive, flavors berries.

“FL127” is cross between FL 05-107 and FL 02-58 in Florida, USA. FL 127 is distinctive
for its combination of high early and total yields, large fruit size and excellent fruit quality
due to high sugars, fruity aroma, firm but the juicy texture and extended shelf life. The plant
is upright and moderately vigorous. This cultivar is resistant to anthracnose fruit rot and
moderately resistant to charcoal rot and Colletotrichum crown rot but is susceptible to
Botrytis fruit rot, powdery mildew, and Phytophthora root rot.

“E22” is distinct for its day-neutral flowering habit, low chill requirement and compact
plant habit. Its fruits have excellent rain tolerance, very consistent shape and color, and
very good flavor. It is resistant to Phytophthora crown rot but is susceptible to powdery
mildew and anthracnose fruit and crown rots.

“Plared”, the variety of strawberry was created in a breeding program by crossing
two parents in 2009 in Cartaya (Huelva), Spain between 2 unpatented progenies, “09-024”
and “03-98”. It has a pleasant scent with a nice balance between sugar and acidity and it
has an intense bright color and large fruit size. It is a short-day variety.

“Sahara” variety was created in a breeding program by crossing two parents in 2006 in
(Huelva), Spain by 02.125 (unpatented) and 03.98 (unpatented). The Sahara fruits resemble
the Sabrosa ones, but they are much earlier. It is a short-day variety.

“Sabrina” is obtained in a breeding program by crossing two parents, namely 9719
(unpatented) and 94-020 (unpatented). It has very firm and resistant skin, it enables long
periods of conservation and transport. This variety produces red colored, conical-shaped,
firm, large fruit.

“Victory” is an early variety with regular production throughout the whole season.
It is a rustic variety that stands out mainly for the post-harvest life of its fruits, being able
to reach the most distant destinations. The seedling cross was selected from a controlled
breeding plot in Ventura County, California, the USA in the winter of 2004.

The production of certified strawberry varieties is carried out in the tissue culture
laboratory by the meristem culture method. In another word, the production system is
based on virus-free meristem seedlings. Solarization or fumigation is done during field
experiments against soil-borne diseases. The experiment plantations included 2 years old
strawberry plants. Licensed pesticides are used for strawberries throughout the produc-
tion season. During the summer period, the control of the spider and aphid was done.
After taking flowers and stems, fungicide is applied. In winter, spraying is done twice
against Botrytis, the first at 25% of flowering and the second at the beginning of fruiting.
Great attention has been paid to the red spider and thrips. Fresh and mature strawberry
fruits were harvested at the ripe stage. A total of 30 fruits (10 fruits per replicate) from each
variety were selected, with uniform size, shape, color without any visible damage, a disease
for further study. The experimental area’s soil is processed deeply (at least 50-60 cm) and
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the plow layer (hard layer) is broken. Disinfection is done. The soil is aerated, plowed
with a cultivator and the clods are broken. Very well burned animal manure was given
3—4 tons per decare (before soil disinfection). Base fertilizer is given as per da: 4 kg Nitro-
gen, 7 kg Phosphorus and 20 kg of Potassium. Fertilization begins 3 weeks after planting.
0.20-0.25 kg/da Nitrogen is given per decare per day. This practice continues until Novem-
ber. No water or fertilizer is given between November and January. Starting from February,
0.20-0.25 kg /da of Nitrogen and 0.25-0.40 kg/da of Potassium are given daily depending
on the soil temperature. As soon as chlorosis (yellowness) is seen from planting, 500 gr.
Sequestrene Fe (Iron) or others are given by drip irrigation and this process is repeated
as needed.

2.2. Biochemical Parameters
2.2.1. Determination of Total Polyphenolics

The total phenolic content was determined by the Folin-Ciocalteau method [20] with
some modifications. The analysis was done with a UV /VIS spectrophotometer (Thermo
Fisher Scientific, FI-01620 Vantaa, Finland). Briefly, 9 mL of 80% methanol was added to
1 mL of the juice sample. The mixture was centrifuged at 5500 rpm for 10 min. A volume
of 50 pL of supernatant was added to 250 puL of Folin-Ciocalteu reagent. Afterward, 750 uL
20% (w/v) NapCO3 were supplemented, and it was incubated 2 h at room temperature.
Then, the absorbance was measured at 760 nm against a blank. Quantifications were
calculated through a calibration curve daily prepared with known concentrations of gallic
acid (GA) standards, and results are expressed as mg GAE 100 g~ ! fresh weight (FW)
of strawberry.

2.2.2. Determination of Total Antioxidant Capacity

The radical scavenging activity of DPPH (2,2-Diphenyl-1-picrylhydrazyl) was done
as described by [10] with slight modifications. Briefly, 0.06 pM of ethanolic DPPH was
freshly prepared. Then, 1950 uL of DPPHe was added to 50 uL of strawberry juice sample.
The mixture was shaken for 1 min and kept in the dark for 30 min at room temperature.
Absorbance was measured against the blank reagent at 515 nm. Radical scavenging activity
%DPPH inhibition was calculated using the following equation:

%Inhibition = 100 x [(Abs blank (t = 30)) — (Abs sample)]/[(Abs blank (t = 30))] (1)

where Abssample was the absorbance of the reaction in presence of sample (sample dilution
+ DPPH solution), Absblank was the absorbance of the blank for each sample dilution
(sample dilution + DPPH solvent), and Abscontrol was the absorbance of control reaction
(sample solvent + DPPH solution).

2.2.3. Determination of Carbohydrate (Sugar) Content

Glucose, fructose, xylose, sucrose, and total sugar content in the juice obtained from the
harvested strawberries were determined according to the method developed by Crisosto
et al. [21]. Before analysis, frozen juice samples were thawed at 25 °C. A volume of 1 mL
of juice was added to 4 mL of ultrapure water (Millipore Corp., Bedford, MA, USA).
The reaction mixture was placed in an ultrasonic bath and sonicated at 80 °C for 15 min
and then centrifuged at 5500 rpm for 15 min and it was filtered before HPLC analysis
(Whatman nylon syringe filters, 0.45 pm, 13 mm, diameter). The high-performance liquid
chromatographic apparatus (Shimadzu LC 20A VP, Kyoto, Japan) consisted of an in-line
degasser, pump, and controller coupled to a Refractive index detector (Shimadzu RID
20A VP, Kyoto, Japan) equipped with an automatic injector (20 pL injection volume)
interfaced to a PC running Class VP chromatography manager software (Shimadzu, Kyoto,
Japan). Separations were performed on a 300 mm X 7.8 mm i.d., 5 um, reverse-phase
Ultrasphere Coregel-87 C analytical column (Transgenomic) operating at 70 °C with a flow
rate of 0.6 mL min~!. Elution was isocratic with ultrapure water. Individual sugars were
calculated based on their standards and expressed in % of fresh weight (FW).
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2.2.4. Determination of Organic Acids

Organic acids in strawberry fruit juice were determined by the HPLC analysis by
Bozan et al. [22]. The malic, citric, succinic, fumaric, and L-ascorbic acid contents in
strawberry juice samples were determined. For organic acids extraction, 1 mL of the
sample, and 4 mL of 3% metaphosphoric acid were mixed. The mixture was placed in the
ultrasonic water bath at 80 °C for 15 min and it was sonicated and centrifuged at 5500 rpm
for 15 min. Afterward, the mixture was filtered (Whatman nylon syringe filters, 0.45 pum,
13 mm, diameter) prior to HPLC analysis. The extract of organic acids was analyzed
using a high-performance liquid chromatographic apparatus HPLC (Shimadzu LC 20A
VP, Kyoto, Japan) equipped with a UV detector (Shimadzu SPD 20A VP, Kyoto, Japan)
and we used an 87 H column (5 um, 300 mm x 7.8 mm (I.D.), Transgenomic). As for
the operating conditions column temperature, was set at 40 °C; injection volume, 20 uL;
detection wavelength, 210 nm; flow rate 0.8 mL/min. and 0.05 mM sulphuric acid was
used as the solvent. Identification of organic acids and determination of peaks is based
on the retention times of peaks and comparison of spectral data according to standards.
The identified acids were evaluated according to the relevant standard calibration curves.
Results are expressed as mg 100 g~ 1.

2.2.5. Determination of Phenolic Compounds

For the extraction and hydrolysis procedure of phenolics of homogenized samples,
boiling refluxed was used for 1 h [23]. After it was cooled, the mixture was filtered and
made up to 10 mL with 20% acetone. These samples were directly used for HPLC analyses.
The liquid chromatographic apparatus (HPLC, Shumadzu LC-20A, Kyoto, Japan) consisted
of an in-line degasser, pump, and controller coupled to a UV detector equipped with
an automatic injector (20 pL injection volume) interfaced to a PC running ChemStation
chromatography manager software. Separations were performed on a 150 mm x 4.6 mm
i.d., 5 um, reverse-phase Nucleosil C18 analytical column (Supelco, PA) operating at room
temperature with a flow rate of 1 mL/min. Detection was carried out with a sensitivity
of 0.1 a.u.f.s. between the wavelengths of 280 and 360 nm. Elution was using a nonlinear
gradient of the solvent mixture 2.5% HCOOH in water (solvent A) and 2.5% HCOOH in
acetonitrile (solvent B). All of the samples were directly injected into the reverse phase
chromatography column after filtration. Gallic acid, myricetin, caffeic acid, p-coumaric
acid, ellagic acid, quercetin, and kaempferol were dissolved in methanol at a concentration
of 1 mg mL~!, and five dilute solutions from these stock solutions were used to prepare
calibration curves of each standard. Three replicates from each sample were used for HPLC
analyses. All samples and standards were injected three times, and mean values were used.

2.2.6. Determination of Volatile Compounds

Volatile compounds were extracted by solid-phase microextraction (SPME). One gram
of homogenate strawberry was weighed and 1 mL of CaCl, was added in headspace vial
for 30 min at 40 °C. The SPME fiber 85 um CAR/PDMS (Carboxen/Polydimethylsiloxane;
light blue) was used for analysis. The adsorbed flavor compounds of the strawberry fruits
were analyzed using a Shimadzu GC-2010 Plus Gas chromatography-mass spectrometer
(GC/MS). HP-Innowax Agilent column (30 m x 0.25 mm i.d., 0.25 um thickness) was
used and helium was the carrier gas. The GC oven temperature was kept at 40 °C and
programmed to 260 °C at a rate of 5 °C/min, and then kept constant at 260 °C for 40 min.
The injector temperature was at 250 °C. The MS was taken at 70 eV. The mass range was
m/z 30—400. A library search was carried out using the commercial Wiley, NIST, and Flavor
GC-MS Libraries. The mass spectra were also compared with those of reference compounds
and confirmed with the aid of retention indices from published sources. Relative percentage
amounts of the separated compounds were calculated from total ion chromatograms.
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2.3. Statistical Analysis

All the result data were processed with the SPSS package program version 16.0
(SPSS Inc., Chicago, IL, USA). All data were presented as the mean =+ standard error (SE)
and analyzed by one-way analysis of variance (ANOVA). Differences were considered
significant at p < 0.05. Principal component analysis (PCA) was applied to examine the
relationship between phenolic compounds data and strawberry samples. Mathematica
program for Windows version 4.0 was used for data processing (Wolfram Research, Cham-
paign, IL, USA).

3. Results and Discussion

There were statistically significant differences among the strawberry varieties in terms
of studied all biochemical traits (Tables 1-4).

3.1. Total Phenolic Content and Antioxidant Capacity

The results of total phenolic of 10 strawberry cultivars are given in Table 1. Statistically
significant differences were found among varieties at p < 0.05. The total phenolic content of
strawberry varieties varied from 99.02 to 158.37 mg GAE 100 g~ ! FW (Table 1). FL-127 had
the highest total phenolic content (158.37 mg GAE 100 g~ ! FW), while Plared had the
lowest (99.02 mg GAE 100 g~ ! FW). The previous study [24] showed that strawberry fruits
have a good source of total phenolics, and values agreed with our results.

There were significant differences in terms of antioxidant capacities of examined
varieties grown in the Adana region in the present study (p < 0.05). The findings indicated
that the Victory and Rubygem varieties had the highest antioxidant capacity with 88.92%
and 88.58% among the studied varieties, respectively. Researchers have demonstrated that
a high antioxidant activity correlated with high phenolic content [24-26]. In a study [27]
two commercial strawberry cultivars namely, Rubygem and Osmanli, which grows in
Osmaniye in southern Turkey, used and results showed that the total phenolic content in
fruits of varieties were in range of 305 and 377 mg GAE 100 g, the total flavonoid amount
121.7 and 36.5 mg kg~ !, respectively. They reported 91.0% and 58.6% in terms of DPPH
scavenging activity among varieties. Our results in accordance with [27]. Strawberries
were also previously reported that higher in antioxidant capacity than the other berry
species, such as gooseberry and raspberry [28].
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Table 1. Total phenol (mg GAE 100 g*1 FW) and antioxidant activity (% DPPH inhibition) in fruits of ten strawberry varieties.

Rubygem Fortuna Festival Calinda FL-127 Plared Sahara Sabrina Victory E-22 LSDg g5
TP 10546 £1.48¢g 122.66 £1.55f 141"8?)Ci 148 156.65 £149a 15837 +£270a 99.02+233h 139‘42Cdi 049 136.77 £190d 142.63 £1.56b 129'24ei 195 3.04 **
%DPPH 8858 £1.01a 86.75+0.71cd 86'8?);50'50 8821 £098ab 8859 £0.76a  86.05+1.74d 86'20;: 0.08 86.46 £ 047 cd 8892+ 042a 87'65&132 069 1.45*
Each value is expressed as mean = standard deviation. TP: total phenol; % DPPH: DPPH inhibition. Different letters in the same row shows significant (p < 0.01) differences. Asterisks (*, **) indicate significant
differences by LSD test.

Table 2. The sugars (%), total sugar (%) and °Brix in fruits of ten strawberry varieties.

Rubygem Fortuna Festival Calinda FL-127 Plared Sahara Sabrina Victory E-22 LSDg 5
Sucrose 040+0.03g 0.74 £ 0.10 e 036 £0.11g 1.48 £0.03d 0.59 4+ 0.03 f 0.82+0.15¢ 0.79 £0.10 e 1.64 £0.18 ¢ 194 +£0.10a 1.77£0.01b 0.12**
Glucose 393 +0.13a 1.93 £0.02f 3.15+£021c¢ 2.84 +£0.12d 3.57 £0.35b 1.69+001g 2.69c:1te0.17 2.68 = 0.14 de 252 +0.26e 2.63c:1|:e0.04 0.21 **
Xylose 0.03 = 0.00 b 0.03 = 0.00b 0.03 = 0.00b 0.14 £0.15a 0.01 =0.00b 0.02 £ 0.00b 0.04 £0.02b 0.03+£0.01b 0.02 £ 0.00b 0.16 =20.19 a 0.93 *
Fructose 4.43 +0.21a 242 +£0.03 f 3.71£022b 340+ 0.12bc 428 £ 0.63a 217 £0.13f 3'19;:(30'22 3.30 £ 0.10 cd 3.02£028de 293+£029e 0.32**
725 +£0.33

T.sugar 8.78£037a 5.13 £ 0.1 e5 od 7.86 £ 0.35 bc 8.46 +1.02 ab 571+ 1.37e 6.70 £051d 7.65 +0.43c 750 +0.43 c 750+0.13c 0.75*
°Brix 10.50 £ 0.71 6.00 £ 0.00 9.50 + 0.71 10.50 £ 0.71 9.50 4+ 0.71 8.00 4= 0.00 9.50 + 0.71 10.50 = 0.71 10.50 &+ 0.71 9.00 + 1.41

Each value is expressed as mean + standard deviation. Different letters in the same row show significant (p < 0.01) differences. Asterisks (*, **) indicate significant differences by LSD test.
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Table 3. The content of organic acids in fruits of ten strawberry varieties (mg per 100 g~! FW).
Strawberry Varieties
Rubygem Fortuna Festival Calinda FL 127 Plared Sahara Sabrina Victory E-22 LSDg 5
AA 21.02 +0.42 cd 13.90 £ 0.641 f 19.59 £ 148 e 20.72 £0.55 de 22.16 £ 0.55 bc 15.035 4= 0.450 f 21'582C§: 043 25.08 +0.35a 21.31+1.20cd 23.053 £0.55b 1.29 **
. 636.15 + 10.71
Citric 556.4 +04.17d  536.65+23.84d  667.75 £ 53.66 b 71145+ 1055 a 5224 4+750d 6704 £749Db 627.7 £ 1446c  648.05 +4.04 bc be 53525 £1.92d 34.23 **
. 206.95 & 2.21
Malic od 159.8 + 14.22 f 236.95 £+ 19.47 b 219.4 £5.37 ¢ 2426 £2.14b 186.25 = 4.59 e 202.55 +4.89 d 250.65 £1.72b 238.75+7.35b 266.65 £ 1.50 a 14.48 **
Succinic 39.28 £ 2.58 ef 28.49 4 2.50 gh 59.53 £2.92a 36.55 + 2.57 f 2427 +£181h 3014 £085¢g 41.13 £3.55de 43.73 £2.38d 50.383 £ 0.44 ¢ 55.05 £2.17Db 4.40 **
Fumaric 1.66 £ 0.08 bed 1.52+0.12cd 148 +0.28d 1.82 £0.08 b 148 +0.05d 149+0.11d 1.66 £ 0.08 bed 2.03 £0.03a 1.71 £ 0.09 be 2.10 £ 0.06 0.21 **

Each value is expressed as mean =+ standard deviation. Different letters in the same row show significant (p < 0.01) differences. A.A: L-Ascorbic acid. Asterisks (**) indicate significant differences by LSD test.

Table 4. The content of phenolic compounds (mg 100 g~! FW) in fruits of ten strawberry varieties.

Strawberry Varieties

Phenolic
Rubygem Fortuna Festival Calinda FL-127 Plared Sahara Sabrina Victory E-22 LSDg,05
Gallic Acid 065+015ef  097+011ab 079 +006cde 056+005fg 045+005g  055+010fg 085+004bed 073+£011de 093+010abc  1.06+0.02a 0.14 **
Caffeic Acid  0.13+0.05b  016+002ab  0234+005a  0154+0.05b  020+003ab  0.15+0.10b 019+ 00b  017+004ab 019+002ab  0.16 = 0.01ab 0.07
”'“E‘f&"‘“c 020+00lab 025+002ab 017+00lab  015+002b  0104+001b  035+022ab  007+004b  006+00la  005+004b  0.16=+0.14ab 1.50
Ellagic Acid 144 +093d  3.18+003a  049+004e  255+008ab 222+014bc  061+01le  168+020cd 059+007e  252+068b  1.55+0.0d7 0.63 **
Myricetin 047 £ 0.14cde  194+008a  019+£007e 181+0.16ab  085+018c  081+£0.13cd 032+016e  046+003de  149+0.02b 045+ 0.62de 0.37 **
Quercetin 0.84 +0.09 ¢ 1154+012a 091+ 004abc 1.03+015abc 111+ 034ab 097 +0.08abc 1.07+008abc 0.88+0.19bc 091+ 0.08abc  0.95 + 0.12 abc 0.25
Kaempferol 006+£00lc  009+005bc 011+007bc  0.07+0.01bc  0.04£0.00c 005+00lc  008+002bc  011+002a  018+0.02b  0.08 £ 0.01 bc 0.10 **

Each value is expressed as mean = standard deviation. Different letters in the same row shows significant (p < 0.01) differences. Asterisks (**) indicate significant differences by LSD test.
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3.2. Carbohydrate (Sugars) and Total Soluble Solid Content

Carbohydrate of strawberries are the main taste compounds and are considered as one
of the major fruit quality parameters preferred by both producers and customers. In the
present study, the values of carbohydrates (sucrose, glucose, xylose, fructose, total sugar)
in fruits of ten strawberries were measured. Data related to sugars, total sugar, and °Brix
are shown in Table 2. There were statistically significant differences among varieties in
terms of all specific sugars, total sugars except °Brix (p < 0.05).

In the fruits of ten strawberry varieties, glucose and fructose are the major sugars
with values ranging from 1.69 4 0.01 to 3.93 + 0.13 g 100 g~! FW and 2.17 & 0.13 to
443 +0.21 g 100 g~ ! FW, respectively. While the content of sucrose and xylose is rela-
tively much lower with the values ranging from 0.36 + 0.11 to 1.94 + 0.10 g 100 g~ ! FW
and 0.01 + 0.00 to 0.16 & 0.19 g 100 g~ FW, respectively. Here, we found the highest
values of both glucose and fructose in “Rubygem”, while the lowest content of glucose
and fructose were both detected in “Plared” variety. The majority of the rest varieties
like “Calinda”, “Sahara”, “Sabrina”, “Victory” and “E-22” showed similar glucose and
fructose content varied from 2.60 to 3.10 g 100 g~! FW, respectively. The results also
indicate the content of glucose and fructose in strawberries are closely related to each
other and varieties with high glucose contents also showed high fructose values. For su-
crose, the values ranged from 0.36 + 0.11 to 1.94 + 0.10 g 100 g~! FW, and the lowest and
the highest sucrose content value was obtained in “Festival” and “Victory”, respectively.
Xylose content is relatively lower compared to fructose, glucose, and sucrose. The highest
xylose content was in E-22 with a value of 0.16 & 0.19 g 100 g~! FW and the lowest was in
FL-127 with the value of 0.01 4 0.00 g 100 g~! FW. Actually, except “Calinda” and “E-22”,
xylose content in the rest of the varieties was similar and quite low. Literature studies
showed some differences and little consistency in sugar concentrations compared to our
study [29,30]. Previously fructose (2.55-2.86 g 100 g~! FW) was found to be the predomi-
nant sugar in strawberry fruit of two cultivars “Korona” and “Tufts” followed by glucose
(1.79-2.25 g 100 g~ ! FW) and sucrose (0.01-0.25 g 100 g~! FW), respectively [29] indicated
similarities with our study. In another study, the predominant sugar was found as glucose
(1.6-1.8 g 100 g~ ! FW) in two strawberry varieties (Festival and Ventana) and followed by
sucrose (0.9-1.1 g 100 g~ FW) and fructose (0.9-1.2 g 100 g~! FW) [30]. Camaraso and
Selva varieties had fructose and glucose as 3.1-5.5 g 100 g~! FW and 3.5-6.7 g 100 g~ ! FW
and sucrose 0.6-0.9 g 100 g ! FW, respectively [31]. The composition of soluble sugars in
10 strawberries in the present study showed a similar result compared to previous stud-
ies [32,33]. The total sugar content (including sucrose, glucose, fructose, and xylose) was
high in variety “Rubygem” (8.78 + 0.37 g 100 g~ !) and “FL-237” (8.46 & 1.02 g 100 g 1).
Varieties “Festival”, “Calinda”, “Sabrina”, “Victory”, and “E-22” presented medium val-
ues from 7.25 + 0.33 g 100 g~ ! to 7.86 & 0.35 g 100 g~!, while varieties like “Fortuna”,
“Plared”, and “Sahara” attained relatively low total sugar content (from 5.13 & 0.15 to
6.70 £ 0.51 g 100 g~ ! FW). Mahmood et al. [29] reported the total sugar contents between
3.61% and 5.36% in two strawberry cultivars. The soluble solid (°Brix) ratio of 10 varieties
was analyzed and four varieties (“Rubygem”, “Calinda”, “Sabrina” and “Victory”) showed
the highest value (10.50% =+ 0.71%), “Festival”, “FL-127”, “Sahara” and “E-22” showed a
similar °Brix value (from 9.00% =+ 1.41% to 9.50% = 0.71%), while variety “Plared” and
“Fortuna” had low soluble solid contents (°Brix values were 8.00% and 6.00%, respectively).
According to [29] the strawberry fruits had 4.31-10.11% for °Brix values that show close
values with our study. In another study, [24] reported that the soluble solids content of four
strawberries was variable and ranged from 5.50 to 7.17 °Brix.

3.3. Organic Acids

Organic acids are known to affect the formation of taste and many physiological
processes in fruits that depends on the variety. The sugar-acid balance and contents
are very important in determining the taste characteristics of the fruit. Oxalic acid,
L-ascorbic, citric, malic, fumaric, and succinic acid contents in fruits of 10 strawberry
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cultivars were examined in this study and results are given in Table 3. There were
statistically significant differences among varieties in terms of organic acid contents
(p < 0.05). According to the organic acid results, citric acid is the major and predomi-
nant organic acid in fruits of 10 strawberry varieties, which ranges from 522.40 £ 1.5 to
711.45 4+ 2.11 mg 100 g~ FW. The highest citric acid content was obtained in “Calinda”
and the lowest in “FL 127”. L-ascorbic acid was detected at concentration 13.90 £ 0.641
to 25.08 + 0.35 mg 100 g~ FW, malic acid ranges from 159.80 + 2.84 to 266.65 + 0.30 mg
100 g~! FW, and succinic acid was from 24.27 + 1.81 to 59.53 + 2.92 mg 100 g~! FW, re-
spectively. Fumaric acid was also detected and presented in very small amounts (from
1.48 £ 0.05 to 2.10 &= 0.06 mg 100 g_1 FW), therefore it might not significantly influence
the fruit flavor of strawberry. Several previous studies showed similar results with our
present data and revealed that citric acid is widely found as the principal organic acid
in strawberries [12,34-36]. Malic acid is also a major member during strawberry fruit
development and the concentration of malic acid is much higher at the green or developing
stage than ripen stage. However, several previous results showed the content of malic
acid at the ripe stage is much higher than our result [12,37]. Only Mahmood et al. [29]
reported a similar result with our data, and this might be caused the co-elution with fruc-
tose during the determination of malic acid [32]. Succinic acid is also very abundant in
strawberries. Moreover, [38] compared the succinic acid in six strawberries, and values
ranged from 0.12-0.25 mg 100 g~ ! FW, however, this result is much lower than our study.
L-Ascorbic acid has important antioxidant and metabolic functions [12]. In agreement
with our results, fumaric acid has been reported as the least abundant organic acid in
strawberries [32]. The findings of this study are mostly in agreement with those of other
researchers indicating the organic acid richness of berry fruits [38—41]. The minor differ-
ences are possibly attributed to environmental conditions and genetic factors of the studied
species and varieties.

3.4. Phenolic Compounds

Phenolic compounds are plant metabolites that spread throughout the plant kingdom.
The recent focus on phenolic compounds stems from their potential protective role against
oxidative damage diseases such as coronary heart disease, stroke, and cancer, through the
ingestion of fruits [42]. Phenolic compounds are secondary plant metabolites with strong
antioxidant activities that widely exist in fruits and vegetables, especially in berries [1,43].
Particularly in dense black-purple and red-colored fruits such as blueberries, black currants,
blackberries, strawberries, and raspberries are a rich source of phenolic compounds and
antioxidants [44].

In this study, phenolic compound in strawberry fruits was identified and quantified
by HPLC. Seven phenolic compounds were determined in the fruits of strawberry varieties.
Statistically significant differences were recorded among the phenolic contents of the va-
rieties. Among these, ellagic acid contents ranged between 0.49 and 3.18 mg 100 g~ ! FW,
gallic acid contents between 0.45 and 1.06 mg 100 g’1 FW, quercetin contents between
0.84 and 1.15 mg 100 g~! FW, myricetin contents between 0.19 and 1.94 mg 100 g~ FW, caf-
feic acid contents between 0.13 and 0.23 mg 100 g~ ! FW, p-coumaric acid contents between
0.05 and 0.35 mg 100 g~ ! FW, and kaempferol contents between 0.04 and 0.18 mg 100 g~! FW,
respectively (Table 4).

Ellagic acid was the predominant phenolic compound in Fortuna, Calinda, and Victory
varieties. Gallic acid was the predominant phenolic compound in Fortuna, Victory, and
E-22 varieties. Caffeic acid was the predominant phenolic compound in Festival, Victory,
and FL-127 varieties. Quercetin was the predominant phenolic compound in Fortuna,
Sahara, and FL-127 varieties. It is assumed that ellagic acid has antioxidant, anti-mutagenic,
anti-inflammatory, and cardioprotective activities [45]. According to our results, ellagic
acid was the major phenolic compound in fruits of ten strawberry varieties and significant
differences were determined among the strawberry varieties concerning phenolic com-
pound distribution. These differences are likely to be due to variety-specific characteristics
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PC2 (18.21%)

because all varieties found the same conditions. Similar results have been reported in
many other strawberry varieties [46-48]. Ref [7] evaluated ellagic acid content in several
strawberry varieties which ranged from 28.6-68.4 mg kg~! FW, also [48] reported the
ellagic acid contents varied between 0.61 + 0.05 and 2.60 + 0.05 mg 100 g~! FW. Ref [49]
reported that the gallic acid, procatechinic, vanillic acid, caffeic acid, o-coumaric acid,
and p-coumaric acid, and ferulic acids in black mulberry fruits were as 27.3 mg kg~ FW,
121.8 mg kg~! FW, 6.5 mg kg~ ! FW, 117.2 mg kg~ ! FW, 212.7 mg kg~ ! FW, 761.8 mg kg !
FW, and 34.1 mg kg~ ! FW, respectively, indicating richness of berries in terms of phenolic
compounds.

The PCA was generated to correlate phenolic content and antioxidant capacity with
ten cultivars of strawberry. Two main principal components (PCs) were selected giving
54% of total variability.

As indicated in Figure 1, Victory and FL127 were located close to each other. Sahara
was located closer to E-22 which indicates similarities among these cultivars in terms
of a specific chemotaxonomic pattern of phenolic compounds. The rest of the analyzed
cultivars were situated in different parts of the plot, which reflects differences between
their characteristics. It can be concluded that the relationship between the compounds
present in the fruit is variety-specific.
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Figure 1. Principal component analysis (PCA) for different varieties and phenolic profile (individual phenolic compounds,
total phenols content, and DPPH).
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Differences among fruits for the quantity and the composition of phenolic compounds
can be due to factors as genotype, environmental conditions, agro techniques, and storage
conditions as observed by [50-53] in berry fruits.

3.5. Volatile Compounds

In the present study, a total of 34 volatile compounds were observed in 10 strawberry
varieties by using different HS/SPME/GC-MS techniques and the results were given in
Table 5. Totally 6 esters, 3 aldehydes, 1 terpene, 9 acids, 6 alcohols, 6 ketones, and 3 other
compounds were identified in the current study. According to the results, esters, acids, and
ketone were found to be the major volatiles in strawberry fruits. As seen in Table 5, the
percentage of the volatile compounds ranged from 3.27% to 31.99% for alcohols, from 1.05%
to 21.37% for esters, from 9.35% to 68.45% for ketones, from 0.34% to 2.61% for terpenes, for
20.20% to 52.43% for acids, and from 1.05% to 21.37% for esters. As shown in Table 5, the
amounts of esters, aldehydes, acids, alcohols, terpenes, ketones from aroma compounds
varied among varieties. Compounds 2-ethyl-1-hexanol, terpineol, 1-dodecanol, nerolidol,
linalool, and geraniol were detected as alcohol. Nerolidol was found to have the highest
proportion (Table 5). In different fruits, it has been determined that alcohols contribute a
little to aromas [54]. Gamma decalactone was detected in high amount as ketone.

Table 5. The volatile compounds (ug kg™!) in fruits of ten strawberry cultivars.

Strawberry Cultivars
Volatile Compounds . . . .
RubygemFortuna Festival Calinda FL 127 Plared Sahara Sabrina Victory  E-22
Alcohols
2-ethyl-1-hexanol. n.d 0.28 0.58 0.81 n.d n.d n.d n.d nd n.d
alpha-terpineol 1.88 1.75 0.55 494 4.08 1.79 0.67 0.88 0.50 n.d
1-dodecanol 0.27 n.d 0.46 2.23 1.17 nd 0.19 0.30 n.d n.d
Nerolidol 9.33 10.67 26.66 10.88 4.39 5.31 443 5.58 2.77 3.44
L-linalool 6.55 2.39 2.90 1.50 2.97 1.36 0.76 1.90 n.d 0.85
Geraniol 0.38 0.77 0.84 n.d 0.31 1.77 n.d 0.53 n.d 0.68
Total Alcohols 18.41 15.86 31.99 20.36 12.92 10.23 6.05 9.19 3.27 4.97
Ketons
Gamma-dodecalactone n.d 1.75 5.55 1.14 n.d nd 3.36 2.23 1.74 5.27
Gamma-decalactone 24.48 n.d 10.02 n.d 26.11 n.d 62.76 42.38 8.49 39.18
Dihydro-carvone 6.94 7.29 0.55 0.59 5.13 2.05 1.37 2.31 1.56 nd
Menthalactone n.d 0.20 0.76 0.69 0.58 n.d 0.16 0.36 0.47 0.72
diphenyl-methanone 0.59 1.22 1.30 0.73 121 2.88 0.80 0.88 1.27 n.d
S-hexyldihydro-2(3H)- 4 7.35 228 6.20 nd 9.12 nd n.d 9.55 nd
furanone
Total Ketons 32.45 17.81 20.46 9.35 33.03 14.05 68.45 48.16 23.08 45.17
Esters
1.2-Benzenedicarboxylic , ¢q 1.05 1020  6.60 13.66 7.93 0.8 7.72 7.76 0.82
acid diethyl ester
Acetic a“deft};f“ylmethyl nd nd nd 0.94 1.06 286 052 035 047 055
2-Hexen-1-ol acetate. 0.44 n.d n.d 0.91 0.71 n.d n.d n.d 1.29 0.55
Butanoic acid octyl ester n.d n.d 1.12 n.d 0.76 n.d 0.53 n.d n.d 1.17
Hexanoic acid ethyl ester 5.01 n.d 0.99 0.93 2.42 9.98 0.49 0.82 0.60 1.64
Hexan"lz;celrd methyl 6.45 n.d 1.75 5.86 2.76 n.d 0.68 1.62 1.52 1.63
Total Esters 14.58 1.05 14.06 15.24 21.37 20.77 3.01 10.51 11.64 6.36
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Table 5. Cont.

Strawberry Cultivars
RubygemFortuna Festival Calinda FL 127 Plared Sahara Sabrina Victory  E-22

Volatile Compounds

Acids
2-methyl-butanoic acid 0.60 2.95 2.92 n.d 1.14 1.65 0.63 2.08 4.29 0.95
Acetic acid 6.81 8.73 6.76 7.16 3.49 19.59 2.95 4.25 14.98 3.06
Butanoic acid 0.76 n.d 0.89 n.d n.d 0.48 0.21 0.61 1.22 n.d
Decanoic acid 0.94 0.44 0.83 0.52 0.43 0.72 0.31 0.40 0.37 0.62
Formic acid 0.97 5.52 0.50 0.98 n.d 4.95 0.54 0.73 3.52 n.d
Heptanoic acid n.d 0.23 0.36 0.55 n.d n.d 0.24 nd n.d 0.32
Octanoic acid 2.01 1.49 1.97 2.56 2.54 1.38 2.02 2.00 2.02 2.76
Hexanoic acid 1.89 4.65 10.05 3.14 12.06 5.06 9.97 13.00 22.64 13.95
Nonanoic acid 6.22 3.39 4.50 4.77 3.97 5.70 2.86 3.44 3.39 4.59
Total Acids 20.20 27.40 28.78 19.68 23.63 39.53 19.73 26.51 52.43 26.25
Aldehydes
2.4-dimethyl-
benzaldehyde n.d n.d n.d 15.34 n.d n.d n.d n.d 1.63 3.74
2-hexenal 1.96 1.89 2.84 7.46 8.29 3.53 2.76 2.28 6.58 3.30
Benzaldehyde n.d n.d n.d 0.63 0.76 n.d n.d n.d 0.84 0.39
Total Aldehydes 1.96 1.89 2.84 23.43 9.05 3.53 2.76 2.28 9.05 7.43
Terpens
beta-bisabolene 0.33 0.38 0.40 n.d n.d 2.61 n.d 0.34 n.d n.d
Total Terpens 0.33 0.38 0.40 0.00 0.00 2.61 0.00 0.34 0.00 0.00
Total Other Compounds 12.43 35.25 1.47 13.44 0.00 9.28 0.74 3.01 0.54 0.83

n.d. not detected; n.a. not available.

The varieties were also rich in butanoic acid and hexanoic acid, which are important
volatile substances in strawberries. Hexanoic acid was the predominant acid in 10 varieties,
followed by acetic acid and butanoic acid. Among the ten varieties, Calinda had the high-
est concentration of aldehydes including 2,4-dimethyl-benzaldehyde. Ester compounds,
including diethyl ester, ethyl ester, and methyl ester are important aroma compounds.
The esters detected in the ten strawberry varieties were diethyl ester phenylmethyl ester
acetate, octyl ester ethyl ester, and methyl ester. In this study, especially esters such as
diethyl ester and methyl ester were the most abundant and high percentage of esters.
Esters provide fruity and floral characters in fruits and the amount of these compounds
provides an important basis for classification [27,55]. Similar results were previously re-
ported by [12] for aroma compounds in strawberries. Previous studies have also shown
that strawberry fruits have many free volatile compounds. The number of volatiles is on
the same level as those previously extracted from strawberries with the dynamic headspace
technique. The typical aroma of strawberries does not come from just one or a few potent
flavoring compounds but from a large number of volatiles in specific concentrations and a
certain balance between them. The strawberry flavor is therefore the result of the combined
perception of many aromatic components [56]. Although over 360 compounds have been
identified in strawberry flavor, only a few volatile substances (primarily methyl and ethyl
esters) appear to be the most important contributors to the strawberry flavor [27,56-60].

4. Conclusions

In this study, bioactive and aroma properties of different commonly grown strawberry
varieties in Adana province in Mediterranean were examined and nutritional values and
importance of these varieties for human health were determined using advanced analysis
techniques. The region of study is one of Turkey’s most important regions in terms of
citrus production. Demand for fruit types containing more antioxidants is increasing
due to the identification of biochemical compounds that have an important impact on
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human health in recent studies. This situation increases the importance of strawberries
in terms of human health. In this study, 10 different varieties were evaluated under the
same climatic and cultural conditions and provide a valuable reference for further studies
how genotype affects bioactive and aroma composition in strawberries. Studies on the
biochemical properties of strawberry cultivars are important to find the most suitable for
commercial production and human health. According to the results, it was determined
that Rubygem, Victoria, and FL-127 varieties stand out in terms of bioactive properties
including phenolic profiles, the antioxidant capacity and have higher sugar composition
and acidity (%) values. The results show high potential of strawberry fruits for health
benefits. Finally, differences found among varieties highlight a great variability and should
be considered for the choice of the variety and in breeding programs aimed at selecting
varieties with improved antioxidant capacity and nutraceutical properties.

Author Contributions: Conceptualization, L.M.B. and B.D. analysis, investigation, I.U., SH.A.,
D.AS., M.A.G,; resources N.E K,; data curation, I.U., S.H.A., D.A.S., M.A.G,, S.E.; writing—original
draft preparation, I.U., N.E K,; writing—review and editing, I.U., N.E.K,; visualization, .U., LM.B.;
supervision B.D. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by CUKUROVA UNIVERSITY SCIENTIFC RESEARCH PROJECT
COORDINATION PROJECT no: FBA-2019-11325.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: All new research data were presented in this contribution.

Conflicts of Interest: The authors declare that they have no conflict of interest.

References

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

2. Engin, S.P; Mert, C. The effects of harvesting time on the physicochemical components of aronia berry. Turk. J. Agric. For. 2020,
44,361-370. [CrossRef]

3. Kaskoniene, V.,; Bimbiraite-Surviliene, K.; Kaskonas, P.; Tiso, N.; Cesoniene, L.; Daubaras, R.; Maruska, A.S. Changes in the
biochemical compounds of Vaccinium myrtillus, Vaccinium vitis-idaea, and forest litter collected from various forest types.
Turk. J. Agric. For. 2020, 44, 557-566. [CrossRef]

4. Seeram, N.P; Adams, L.S.; Zhang, Y.; Lee, R.; Sand, D.; Scheuller, H.S.; Heber, D. Blackberry, black raspberry, blueberry, cranberry,
red raspberry, and strawberry extracts inhibit growth and stimulate apoptosis of human cancer cell in vitro. J. Agric. Food Chem.
2006, 54, 9329-9339. [CrossRef] [PubMed]

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

6. Agehara, S.; Nunes, M.C.d.N. Season and nitrogen fertilization effects on yield and physicochemical attributes of strawberry
under subtropical climate conditions. Agronomy 2021, 11, 1391. [CrossRef]

7. Williner, M.R; Pirovani, M.E.; Gliemes, D.R. Ellagic acid content in strawberries of different cultivars and ripening stages.
J. Sci. Food Agric. 2003, 83, 842-845. [CrossRef]

8.  Aaby, K, Mazur, S.; Nes, A.; Skrede, G. Phenolic compounds in strawberry (Fragaria x ananassa Duch.) fruits: Composition in
27 cultivars and changes during ripening. Food Chem. 2012, 132, 86-97. [CrossRef] [PubMed]

9.  Wang, S.Y,; Lin, H.S. Antioxidant activity in fruit and leaves of blackberry, raspberry, and strawberry varies with cultivar and
developmental stage. J. Agric. Food Chem. 2000, 48, 140-146. [CrossRef]

10. Ganhao, R.; Pinheiro, J.; Tino, C.; Faria, H.; Gil, M.M. Characterization of nutritional, physicochemical, and phytochemical
composition and antioxidant capacity of three strawberry “Fragaria x ananassa Duch.” cultivars (“Primoris”, “Endurance”, and
“Portola”) from western region of Portugal. Foods 2019, 8, 682. [CrossRef]

11. Hannum, S.M. Potential impact of strawberries on human health: A review of the science. Crit. Rev. Food Sci. Nutr. 2004, 44, 1-17.
[CrossRef] [PubMed]

12. Kafkas, E.; Kosar, M.; Paydas, S.; Kafkas, S.; Baser, KH.C. Quality characteristics of strawberry genotypes at different maturation
stages. Food Chem. 2007, 100, 1229-1236. [CrossRef]

13. Maas, J.L.; Wang, S.Y.; Galletta, G.J. Evaluation of strawberry cultivars for ellagic acid content. HortScience 1991, 26, 66—68.

[CrossRef]


http://doi.org/10.17221/99/2010-HORTSCI
http://doi.org/10.3906/tar-1903-130
http://doi.org/10.3906/tar-1912-41
http://doi.org/10.1021/jf061750g
http://www.ncbi.nlm.nih.gov/pubmed/17147415
http://doi.org/10.1021/jf071988k
http://doi.org/10.3390/agronomy11071391
http://doi.org/10.1002/jsfa.1422
http://doi.org/10.1016/j.foodchem.2011.10.037
http://www.ncbi.nlm.nih.gov/pubmed/26434267
http://doi.org/10.1021/jf9908345
http://doi.org/10.3390/foods8120682
http://doi.org/10.1080/10408690490263756
http://www.ncbi.nlm.nih.gov/pubmed/15077879
http://doi.org/10.1016/j.foodchem.2005.12.005
http://doi.org/10.21273/HORTSCI.26.1.66

Plants 2021, 10, 1654 15 of 16

14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

40.

41.

Ikegaya, A.; Toyoizumi, T.; Ohba, S.; Nakajima, T.; Kawata, T.; Ito, S.; Arai, E. Effects of distribution of sugars and organic acids
on the taste of strawberries. Food Sci. Nutr. 2019, 7, 2419-2426. [CrossRef] [PubMed]

Montero, T.M.; Molla, E.M.; Esteban, R.M.; Lopez-Andréu, EJ. Quality attributes of strawberry during ripening. Sci. Hortic. 1996,
65, 239-250. [CrossRef]

Tas, A.; Berk, S.K.; Orman, E.; Gundogdu, M.; Ercisli, S.; Karatas, N.; Jurikova, T.; Adamkova, A.; Nedomova, S.; Mlcek, J.
Influence of pre-harvest gibberellic acid and post-harvest 1-methyl cyclopropane treatments on phenolic compounds, vitamin C
and organic acid contents during the shelf life of strawberry fruits. Plants 2021, 10, 121. [CrossRef]

Plerez, A.G.; Sanz, C.; Rios, ].J.; Olias, ].M. Estudio comparativo de los perfiles aromaticos de manzana, platano y fresa.
Rev. Espanola de Cienc. y Tecn. de Aliment. 1993, 33, 665-677.

Zabetakis, I.; Holden, M. A. Strawberry flavour: Analysis and biosynthesis. J. Sci. Food Agric. 1997, 74, 421-434. [CrossRef]
Food and Agriculture Organization of the United Nations. FAOSTAT Statistical Database. 2020. Available online: http:
//www.fao.org/faostat/en/#data/QV (accessed on 13 April 2021).

Krawitzky, M.; Arias, E.; Peiro, ].M.; Negueruela, A.L; Val, J.; Oria, R. Determination of color, antioxidant activity, and phenolic
profile of different fruit tissue of Spanish ‘Verde Doncella” apple cultivar. Int. J. Food Prop. 2014, 17, 2298-2311. [CrossRef]
Crisosto, C.H. Developing maturity indices for full red plum cultivars. In California Tree Fruit Agreement; Research Report; 1997;
pp- 34-48.

Bozan, B.; Baser, K.H.C ; Kara, S. Quantitative determination of naphthaquinones of Arnebia densiflora (Nordm.) Ledeb. by an
improved high-performance liquid chromatographic method. J. Chromatogr. A 1997, 782, 133-136. [CrossRef]

Rahman, M.M.; Moniruzzaman, M.; Ahmad, M.R.; Sarker, B.C.; Alam, M.K. Maturity stages affect the postharvest quality and
shelf-life of fruits of strawberry genotypes growing in subtropical regions. J. Saudi Soc. Agric. Sci. 2016, 15, 28-37. [CrossRef]
Contessa, C.; Mellano, M.G.; Beccaro, G.L.; Giusiano, A.; Botta, R. Total antioxidant capacity and total phenolic and anthocyanin
contents in fruit species grown in Northwest Italy. Sci. Hortic. 2013, 160, 351-357. [CrossRef]

Senica, M.; Stampar, F.; Mikulic-Petkovsek, M. Different extraction processes affect the metabolites in blue honeysuckle
(Lonicera caerulea L. subsp. edulis) food products. Turk. J. Agric. For. 2019, 43, 576-585. [CrossRef]

Raudsepp, P.; Anton, D.; Roasto, M.; Meremaée, K.; Pedastsaar, P.; Médesaar, M.; Raal, A.; Laikoja, K.; Piissa, T. The antioxidative
and antimicrobial properties of the blue honeysuckle (Lonicera caerulea L.), Siberian rhubarb (Rheum rhaponticum L.) and some
other plants, compared to ascorbic acid and sodium nitrite. Food Control 2013, 31, 129-135. [CrossRef]

Oz, A.T,; Baktemur, G.; Kargi, S.P.; Kafkas, E. Volatile compounds of strawberry varieties. Chem. Nat. Compd. 2016, 52, 507-509.
[CrossRef]

Pellegrini, N.; Serafini, M.; Colombi, B.; Del Rio, D.; Salvatore, S.; Bianchi, M.; Brighenti, F. Total antioxidant capacity of plant
foods, beverages and oils consumed in Italy assessed by three different in vitro assays. J. Nutr. 2003, 133, 2812-2819. [CrossRef]
[PubMed]

Mahmood, T.; Anwar, F.; Abbas, M.; Boyce, M.C.; Saari, N. Compositional variation in sugars and organic acids at different
maturity stages in selected small fruits from Pakistan. Int. J. Mol. Sci. 2012, 13, 1380-1392. [CrossRef] [PubMed]

Basson, C.E.; Groenewald, ].H.; Kossmann, J.; Cronje, C.; Bauer, R. Sugar and acid-related quality attributes and enzyme activities
in strawberry fruits: Invertase is the main sucrose hydrolysing enzyme. Food Chem. 2010, 121, 1156-1162. [CrossRef]

Castro, I.; Goncalves, O.; Teixeira, J.A.; Vicente, A.A. Comparative study of Selva and Camarosa strawberries for the commercial
market. J. Food Sci. 2002, 67, 2132-2137. [CrossRef]

Sturm, K.; Koron, D.; Stampar, F. The composition of fruit of different strawberry varieties depending on maturity stage.
Food Chem. 2003, 83, 417-422. [CrossRef]

Cordenunsi, B.R.; Genovese, M.I,; do Nascimento, ].R.O.; Hassimotto, N.M.A.; dos Santos, R.J.; Lajolo, EM. Effects of temperature
on the chemical composition and antioxidant activity of three strawberry cultivars. Food Chem. 2005, 91, 113-121. [CrossRef]
Koyuncu, F. Organic acid composition of native black mulberry fruit. Chem. Nat. Compd. 2004, 40, 367-369. [CrossRef]
Koyuncu, M.A.; Dilmacunal, T. Determination of vitamin C and organic acid changes in strawberry by HPLC during cold storage.
Not. Bot. Horti Agrobot. Cluj Napoca 2010, 38, 95-98.

Giindiiz, K.; Ozdemir, E. The effects of genotype and growing conditions on antioxidant capacity, phenolic compounds, organic
acid and individual sugars of strawberry. Food Chem. 2014, 155, 298-303. [CrossRef]

Gonzéalez-Dominguez, R.; Sayago, A.; Akhatou, I.; Fernandez-Recamales, A. Multi-chemical profiling of strawberry as a
traceability tool to investigate the effect of cultivar and cultivation conditions. Foods 2020, 9, 96. [CrossRef]

Skupien, K.; Oszmiariski, J. Comparison of six cultivars of strawberries (Fragaria x ananassa Duch.) grown in northwest Poland.
Eur. Food Res. Technol. 2004, 219, 66-70. [CrossRef]

Ozgen, M; Serce, S.; Kaya, C. Phytochemical and antioxidant properties of anthocyanin-rich Morus nigra and Morus rubra fruits.
Sci. Hortic. 2009, 119, 275-279. [CrossRef]

Gundogdu, M.; Muradoglu, E; Sensoy, R.L.G.; Yilmaz, H. Determination of fruit chemical properties of Morus nigra L., Morus alba L.
and Morus rubra L. by HPLC. Sci. Hortic. 2011, 132, 37-41. [CrossRef]

Gundogdu, M.; Yilmaz, H. Organic acid, phenolic profile and antioxidant capacities of pomegranate (Punica granatum L.) cultivars
and selected genotypes. Sci. Hortic. 2012, 143, 38—42. [CrossRef]


http://doi.org/10.1002/fsn3.1109
http://www.ncbi.nlm.nih.gov/pubmed/31367371
http://doi.org/10.1016/0304-4238(96)00892-8
http://doi.org/10.3390/plants10010121
http://doi.org/10.1002/(SICI)1097-0010(199708)74:4&lt;421::AID-JSFA817&gt;3.0.CO;2-6
http://www.fao.org/faostat/en/#data/QV
http://www.fao.org/faostat/en/#data/QV
http://doi.org/10.1080/10942912.2013.792829
http://doi.org/10.1016/S0021-9673(97)00460-3
http://doi.org/10.1016/j.jssas.2014.05.002
http://doi.org/10.1016/j.scienta.2013.06.019
http://doi.org/10.3906/tar-1907-48
http://doi.org/10.1016/j.foodcont.2012.10.007
http://doi.org/10.1007/s10600-016-1690-8
http://doi.org/10.1093/jn/133.9.2812
http://www.ncbi.nlm.nih.gov/pubmed/12949370
http://doi.org/10.3390/ijms13021380
http://www.ncbi.nlm.nih.gov/pubmed/22408396
http://doi.org/10.1016/j.foodchem.2010.01.064
http://doi.org/10.1111/j.1365-2621.2002.tb09515.x
http://doi.org/10.1016/S0308-8146(03)00124-9
http://doi.org/10.1016/j.foodchem.2004.05.054
http://doi.org/10.1023/B:CONC.0000048249.44206.e2
http://doi.org/10.1016/j.foodchem.2014.01.064
http://doi.org/10.3390/foods9010096
http://doi.org/10.1007/s00217-004-0918-1
http://doi.org/10.1016/j.scienta.2008.08.007
http://doi.org/10.1016/j.scienta.2011.09.035
http://doi.org/10.1016/j.scienta.2012.05.029

Plants 2021, 10, 1654 16 of 16

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Beccaro, G.; Mellano, M.G.; Botta, R.; Chiabrando, V.; Bounous, G. Phenolic and anthocyanin content and antioxidant activity in
fruits of bilberry (Vaccinium myrtillus L.) and of highbush blueberry (V. corymbosum L.) cultivars in north western Italy. Acta Hortic.
2006, 715, 553-558. [CrossRef]

Mahmood, T.; Anwar, F.; Abbas, M.; Saari, N. Effect of maturity on phenolics (phenolic acids and flavonoids) profile of strawberry
cultivars and mulberry species from Pakistan. Int. ]. Mol. Sci. 2012, 13, 4591-4607. [CrossRef] [PubMed]

Pantelidis, G.; Vasilakakis, M.; Manganaris, G.; Diamantidis, G. Antioxidant capacity, phenol, anthocyanin and ascorbic acid
contents in raspberries, blackberries, red currants, gooseberries and Cornelian cherries. Food Chem. 2007, 102, 777-783. [CrossRef]
Enomoto, H. Mass spectrometry imaging of flavonols and ellagic acid glycosides in ripe strawberry fruit. Molecules 2020, 25, 4600.
[CrossRef]

Da Silva Pinto, M.; Lajolo, EM.; Genovese, M.I. Bioactive compounds and quantification of total ellagic acid in strawberries
(Fragaria x ananassa Duch.). Food Chem. 2008, 107, 1629-1635. [CrossRef]

Basu, A.; Nguyen, A.; Betts, N.M.; Lyons, T.]. Strawberry as a functional food: An evidence-based review. Crit. Rev. Food Sci. Nutr.
2014, 54, 790-806. [CrossRef]

Gunduz, K. Strawberry: Phytochemical composition of strawberry (Fragaria x ananassa). In Nutritional Composition of Fruit
Cultivars; Simmonds, M.S.]., Preedy, V.R., Eds.; Academic Press: San Diego, CA, USA, 2016; pp. 733-752.

Lim, S.H.; Choi, C.-I. Pharmacological properties of Morus nigra L. (Black Mulberry) as a promising nutraceutical resource.
Nutrients 2019, 11, 437. [CrossRef]

Penarrieta, ].M.; Alvarado, J.A.; Bergenstéhl, B.; Akesson, B. Total antioxidant capacity and content of phenolic compounds in
wild strawberries (Fragaria vesca) collected in Bolivia. Int. . Fruit Sci. 2009, 9, 344-359. [CrossRef]

Panico, A.M.; Garufi, F,; Nitto, S.; Di Mauro, R.; Longhitano, R.C.; Magri, G.; De Guidi, G. Antioxidant activity and phenolic
content of strawberry genotypes from Fragaria x ananassa. Pharm. Biol. 2009, 47, 203-208. [CrossRef]

Maatta-Riihinen, K.R.; Kamal-Eldin, A.; Torronen, A.R. Identification and quantification of phenolic compounds in berries of
Fragaria and Rubus species (family Rosaceae). ]. Agric. Food Chem. 2004, 52, 6178-6187. [CrossRef]

Aaby, K.; Ekeberg, D.; Skrede, G. Characterization of phenolic compounds in strawberry (Fragaria x ananassa) fruits by different
HPLC detectors and contribution of individual compounds to total antioxidant capacity. J. Agric. Food Chem. 2007, 55, 4395-4406.
[CrossRef] [PubMed]

El Hadi, M.A.M.; Zhang, F].; Wu, EE; Zhou, C.H.; Tao, ]. Advances in fruit aroma volatile research. Molecules 2013, 18, 8200-8229.
[CrossRef] [PubMed]

Ayala-Zavala, ].F.; Wang, S.Y.; Wang, C.Y.; Gonzalez-Aguilar, G.A. Effect of storage temperatures on antioxidant capacity and
aroma compounds in strawberry fruit. LWT 2004, 37, 687-695. [CrossRef]

Hamilton-Kemp, T.R.; Archbold, D.D.; Loughrin, ].H.; Collins, R.W.; Byers, M.E. Metabolism of natural volatile compounds by
strawberry fruit. J. Agric. Food Chem. 1996, 44, 2802-2805. [CrossRef]

Hakala, M.A_; Lapveteldinen, A.T.; Kallio, H.P. Volatile compounds of selected strawberry varieties analyzed by purge-and-trap
headspace GC-MS. J. Agric. Food Chem. 2002, 50, 1133-1142. [CrossRef]

Yan, JW,; Ban, Z.].; Lu, H.Y,; Li, D.; Poverenov, E.; Luo, Z.S,; Li, L. The aroma volatile repertoire in strawberry fruit: A review.
J. Sci. Food Agric. 2018, 98, 4395-4402. [CrossRef]

Schwieterman, M.L.; Colquhoun, T.A.; Jaworski, E.A.; Bartoshuk, L.M.; Gilbert, ].L.M.; Tieman, J.D.; Odabasi, A.Z.; Moskowitz,
H.R.; Folta, KM.; Klee, H.]; et al. Strawberry flavor: Diverse chemical compositions, a seasonal influence, and effects on sensory
perception. PLoS ONE 2014, 9, e88446. [CrossRef] [PubMed]

Osatuke, A.; Pritts, M. Strawberry flavor is influenced by the air temperature differential during fruit development but not
management practices. Agronomy 2021, 11, 606. [CrossRef]


http://doi.org/10.17660/ActaHortic.2006.715.85
http://doi.org/10.3390/ijms13044591
http://www.ncbi.nlm.nih.gov/pubmed/22605997
http://doi.org/10.1016/j.foodchem.2006.06.021
http://doi.org/10.3390/molecules25204600
http://doi.org/10.1016/j.foodchem.2007.10.038
http://doi.org/10.1080/10408398.2011.608174
http://doi.org/10.3390/nu11020437
http://doi.org/10.1080/15538360903378526
http://doi.org/10.1080/13880200802462337
http://doi.org/10.1021/jf049450r
http://doi.org/10.1021/jf0702592
http://www.ncbi.nlm.nih.gov/pubmed/17472391
http://doi.org/10.3390/molecules18078200
http://www.ncbi.nlm.nih.gov/pubmed/23852166
http://doi.org/10.1016/j.lwt.2004.03.002
http://doi.org/10.1021/jf9601980
http://doi.org/10.1021/jf0111256
http://doi.org/10.1002/jsfa.9039
http://doi.org/10.1371/journal.pone.0088446
http://www.ncbi.nlm.nih.gov/pubmed/24523895
http://doi.org/10.3390/agronomy11030606

	Introduction 
	Materials and Methods 
	Plant Material 
	Biochemical Parameters 
	Determination of Total Polyphenolics 
	Determination of Total Antioxidant Capacity 
	Determination of Carbohydrate (Sugar) Content 
	Determination of Organic Acids 
	Determination of Phenolic Compounds 
	Determination of Volatile Compounds 

	Statistical Analysis 

	Results and Discussion 
	Total Phenolic Content and Antioxidant Capacity 
	Carbohydrate (Sugars) and Total Soluble Solid Content 
	Organic Acids 
	Phenolic Compounds 
	Volatile Compounds 

	Conclusions 
	References

