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Quality Properties and Headspace Volatiles of
Hot Air-Dried Strawberries

YELİZ TEKGÜL & EDİBE S. ERTEN

Abstract: Strawberry is one of the most important soft fruit in food industry. With its
flavor and antioxidant content, it is widely used mainly in confectionery and beverage
industry. Strawberries are perishable and this limits their usage in foods. For that reason,
drying is one of the solutions to make them durable. The aim of this study is to analyze
certain quality parameters and headspace volatiles of hot air-dried ‘Florida Fortuna’ and
‘Osmanlı’ strawberries (Fragaria ×ananassa) at 50, 60 and 70°C. The results showed that
drying the strawberry samples at high drying temperature caused a decrease in acidity
and bulk density and a deterioration in ascorbic acid content. However, total phenolic
contents and total color difference values of both of strawberry samples increased with
drying process. A total of 24 headspace volatiles were detected in dried strawberries.
The most abundant volatiles were dimethyl sulfide, acetic acid and acetone. The highest
number of compound groups were aldehydes, acids, esters and sugar degradation
products, respectively. The highest retention of fresh strawberry volatiles and minimum
formation of sugar degradation products were obtained by drying at low temperature.
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INTRODUCTION

Strawberry is one of the most important soft fruit among berries that is produced over 9 million
tonnes in the world in 2016. Turkey is the fifth country with 22% of total world production (FAO 2016).
Strawberry is cultivated in the Mediterranean, Anatolia, Black Sea, Aegean and Marmara Regions of
Turkey. Twenty-four percent of production is in the Aegean region. ‘Florida Fortuna’, ‘DPI Rubygem’,
‘Osmanlı’ and ‘Sabrina’ are the most common species cultivated in the Aegean Region (Serçe & Özgen
2015).

Berry fruits contain high amounts of flavonoids, anthocyanins, phenolic acids, vitamins and
minerals. Because of their antioxidative effects, consumption of strawberries reduces the risk of
cancer, neurodegenerative and cardiovascular diseases (Ayala-Zavala et al. 2004). Also, in recent
studies it was reported that strawberries can be effective on the type 2 diabetes (Cheplick et al. 2010,
Da Silva Pinto et al. 2008, Giampieri et al. 2012).

Strawberries are perishable fruits because of their high water activity. Although it is usually
consumed as fresh, it can also be processed and used as juice, nectar, puree, jam, and jellies. Dried
strawberries are the ingredients of some bakery products and yogurt. Drying is an old and the most
common technique to decrease moisture content of foods. There are several drying methods such
as freeze drying, hot-air drying, spray drying and drum drying for produce fruits chips and powder.
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Freeze drying is considered as the best method for preserving of final products quality. However, it is
costly and needs long process time (Caparino et al. 2012). Drum drying is inappropriate for aromatic
foods because of the high temperature used in the process (Nindo & Tang 2007). Spray drying is a
rapid technique for drying process but it can cause losses of several nutrients such as vitamins and
minerals (Dziezak 1988). Although hot air-drying process is a commonly used method in food industry,
it can cause undesirable changes in dried products (Nadian et al. 2015).

Currently, there are a large number of studies on effects of drying processes in fruits. However,
there is no published data available on the changes of headspace volatile compounds of dried ‘Florida
Fortuna’ and ‘Osmanlı’ strawberries at different time-temperature conditions. The aim of this study
was to detect changes of certain quality parameters and volatile components in strawberries during
convective drying at 50, 60 and 70 °C.

MATERIALS AND METHODS

Materials

Strawberries (the crop of 2018 which is harvested between March and June) (Fragaria x ananassa Duch.
Fortuna and Fragaria vesca) were obtained from a local provider in Aydın (Turkey). The samples were
kept at -18°C until the analysis.

Drying process

One hundred and fifty grams of sample were sliced to 3 mm thickness. Then, the slices were subjected
to drying under constant air flow at three different temperatures (1 m/s air flow at 50°C for 27 h, 60°C
for 21 h and 70°C for 15 h). Drying procedures were performed using Excalibur 49260T dehydrator
(California, USA). Drying was completed when samples had constant moisture content (10±1%).
Moisture contents of samples were identified by the infrared moisture equipment named MOC-63U
Shimadzu (AOAC 1990). The dried samples were kept in an air-tight glass container and stored at +4°C
until the analysis.

Water activity (aw), bulk density, water holding capacity (WHC) and color

Water activity (aw) of strawberry samples were measured using Testo 645 water activity system (Testo
NV/SA, Lenzkirch, Germany). For determination of bulk density, dried samples were measured with a
glass measuring cylinder and calculated using Equation 1 (Goula and Adamopoulos 2005) as follows:

ρbulk =
m
V
(g/ml) (1)

in which m is the weight of the sample and the v is the measured volume of the sample.
WHC was measured as suggested by Anderson (1982). Ten milliliters of water was added to 0.5 g

dried samples (M1) in a centrifuge tube (M2). The mixture was hold in a water bath at 60 °C for 30
min and then transferred to an ice-water bath for 30 min to be cooled down. After centrifugation at
5000 rpm for 20 min, the supernatant was removed and the total weight of the tube was weighted
(M3). WHC was calculated using Equation 2.

WHC =
M3 – M2 (g)
M1 (g)

(2)
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Color values (L∗, a∗ and b∗) were obtained by a color meter (ColorFlex EZ colorimeter, HunterLab,
Virginia, USA). Hue angle (h◦) and color difference (E) were calculated using Equation 3 and Equation
4.

E = [(L∗ – L∗0)
2 + (a∗ – a∗0)

2 + (b∗ – b∗0)
2]1/2 (3)

h
◦

= tan–1(
b∗
a∗

) (4)

Total Titratable Acidity and pH

Total titratable acidity was performed using a potentiometric titration (AOAC 2000) and pH was
measured using Inolab 7110 pHmeter (WTW, Weilheim, Germany).

Total phenolic content (TPC) and ascorbic acid

TPC of samples was determined by Folin–Ciocalteu method (Singleton & Rossi 1965). The ascorbic
acid content was measured as described by Hışıl (1993). The absorbances were read using a Thermo
Scientific 60S UV-Visible spectrophotometer (Wisconsin, USA).

Headspace volatile compounds

Five grams of fresh and dried sample was placed in 20 mL headspace vials separately and closed with
silicone rubber septa. Samples were held at 80 °C and equilibrated for 20 min in the Agilent 7697A.
Headspace Sampler (Agilent Technologies Inc., Santa Clara, CA, USA). At the end of the equilibrium,
headspace volatiles were automatically transferred to gas chromatography. The temperature at
sample needle and transmission lines were set as 85 °C and duration for injection for 1 min. The
injection was performed at with an inlet temperature of 280 °C in split mode with a ratio of 1:50. The
carrier gas was helium at 1 mL/min flow rate. Volatile analysis was performed on Agilent 7820A/5975C
GC-MS instrument (Agilent Technologies Inc., Santa Clara, CA, USA) using a HP-5 column (30m ×0.32
mm i.d. × 0.25 µm) (Agilent Technologies Inc., USA). The initial oven temperature was set up at 60°C,
then with 3 °C/min increase to 210 °C; followed by 20 °C/min increase to the final temperature at 240
°C with a holding time for 8.5 min. The mass detector temperatures were set as and 290 °C and the
spectrum was scanned in total ion chromatogram (TIC) mode at 70eV. All analyses were performed
in duplicates and compounds were tentatively identified. Two methods were used to identify volatile
compounds. First, mass spectra of compounds were compared with reference mass spectra from the
Wiley spectral library and second, retention indices of compounds were compared with the National
Institute of Standards and Technology (NIST) database. Retention indices of volatiles were obtained by
injecting hexane (C6) and n-alkane (C7-C20) standards (Sigma Aldrich, Missouri, USA) and calculating
according to van Den Dool & Kratz (1963). Volatile compound concentrations were expressed as are
percentages of individual peaks.

Statistical analysis

Statistical analyses were performed by using the software SPSS 20 (SPSS 20.0 for Windows Version;
SPSS Inc., Chicago, IL) with the Duncan test to determine the differences between groups (p≤0.05).
Principal component analysis (PCA) was performed using XLSTAT 2019 (Version 1, Addinsoft, NY, USA).
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RESULTS AND DISCUSSION

Effect on physico-chemical properties

The results of quality parameters of fresh and dried strawberries were given in Table I. Initial
moisture content of fresh ‘Florida Fortuna’ and ‘Osmanlı’ strawberries were found as 89.92±0.19% and
89.45±0.6%, respectively. There was no significant difference in the humidity of strawberry varieties
that were dried at different temperatures (p>0.05).

Table I. Physical and chemical analyses of fresh and dried strawberry samples.

Samples* Moisture
content (%)

Titrable
acidity (%)

pH Water
activity

Bulk density
(g/ml)

WHC (g/g)

ForR 89.92±0.19a 0.13±0.03a 4.68±0.06a 0.96±0.03a

For50 10.79±0.36bA 0.10±0.018aA 4.2±0.04bcA 0.37±0.05bA 10.75±0.35aA 0.76±0.02aA

For60 10.06±0.15bB 0.09±0.004aA 4.25±0.005cA 0.35±0.01bA 10.75±0.35aA 0.77±0.08aA

For70 9.29±0.18bB 0.06±0.02bB 4.49±0.02dB 0.34±0.05bA 10±0.00aA 0.83±0.16aB

OsmR 89.45±0.6a 1.07±0.05a 4.42±0.01d 0.97±0.02a

Osm50 11.06±0.29b1 1.03±0.09c1 4.14±0.02b1 0.38±0.01b1 12.75±0.35b1 0.44±0.01b1

Osm60 9.21±0.09b2 1.02±0.09c1 4.21±0.02bc2 0.35±0.05b2 12.75±0.35b1 0.50±0.03b2

Osm70 9.23±0.07b2 0.96±0.18c2 4.22±0.02bc2 0.34±0.02b2 12.25±0.35b1 0,52±0.01b2

Different lowercase letters (a to d) shows significant difference within columns (p<0.05) Different uppercase letters (A to B) and
numbers (1 and 2) shows significant difference within the strawberry variety (p<0.05).
*Sample codes for Florida Fortuna strawberries dried at 50°C, 60°C, 70°C and for fresh sample are For50, For60, For70 and ForR,
respectively. Sample codes for Osmanlı strawberries dried at 50°C, 60°C, 70°C and for fresh sample are Osm50, Osm60, Osm70 and
OsmR, respectively.

Drying treatments affected pH and acidity contents of strawberry samples. The pH value of dried
strawberries at different temperatures ranged from 4.14 to 4.49. There was no significant difference
(p>0.05) between pH values of ‘Florida Fortuna’ strawberries which were dried at 50 and 60 °C while
the difference was found significant for ‘Osmanlı’ samples (p<0.05). The acidity of dried strawberries
increased with increasing temperature. Similar results were found by Vega-Gálvez et al. (2009) in dried
red peppers.

Water activity is useful in terms of estimation about storage conditions of foods (Šumić et al.
2013). It is also an important parameter for microbial stability and should be less than 0.6. The water
activity of fresh strawberries was found to be about 0.96. At the end of the drying processes at all
temperature degrees, the water activity value of samples was found below 0.4. According to this
result, by drying process, the intended water activity level was achieved for microbiological safety.
Bulk density is also related with water content of food and may be affected from drying techniques
(Van Arsdel & Copley 1964). Bulk densities were found to be higher in the dried ‘Osmanlı’ strawberry
samples than ‘Florida Fortuna’ samples. Drying temperature differences did not affect bulk density
and water holding capacity (WHC) of dried strawberries. This might be to be due to the similarity of
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the final moisture. The maximum WHC was found as 0.83 ± 0.16 (g/g) in ‘Fortuna’ strawberry samples
dried at 70°C.

In color analysis, L∗ values of all the dried strawberry samples were higher than the fresh samples,
except in ‘Florida Fortuna’ sample dried at 70°C (Table II). This might be due to the drying process
causing the browning of strawberries. The redness (a∗) values of strawberries decreased with increase
in drying temperature for both of strawberry varieties. Karabulut et al. (2007) reported similar results
in dried apricots. The b∗ values of fresh ‘Florida Fortuna’ strawberry samples were higher than the
fresh ‘Osmanlı’ samples. The yellowness of the dried samples was also affected by the drying process.
Similar results have been reported for dried hawthorn fruit (Crataegus spp.) (Aral & Beşe 2016). The hue
angle value of dried strawberries at different temperatures ranged from 45.11 to 56.98. The hue angle
values of all samples decreased continuously with increasing drying temperatures. Total color change
(E), that is a combination of parameters lightness, redness and yellowness values, is a colorimetric
parameter used to characterize the changes of colors in foods during processing. As shown in Table II,
strawberry which dried with hot-air at 70 °C had the highest color change. The E value of strawberries
increased with increasing drying temperatures. Similar results were reported by Nadian et al. (2015),
who conducted a study to analyzed effects of hot-air drying on color changes of apple slices.

Table II. Color values of fresh and dried strawberry samples.

Samples♦ L* a* b* Hue◦ ∆E+

ForR 30.93±0.79a 34.24±0.64a 17.9±0.46a 62.40±0.11a

For50 32.91±0.17abA 25.06±0.28bA 16.29±0.31bA 56.98±0.46bA 9.53±0.27bA

For60 35.65±0.28bA 24.79±0.59bA 18.03±0.11cB 53.98±0.02bcB 10.57±0.14bB

For70 28.95±0.31aB 18.17±0.16cB 15.22±0.17dA 50.07±0.13cB 16.41±0.08cC

OsmR 38.32±0.64c 34.75±0.13ab 14.74±0.45d 67.01±0.38d

Osm50 36.73±0.33bc1 22.71±0.69bd1 18.99±0.51c1 50.09±0.05c1 12.87±0.33b1

Osm60 37.46±0.59bc1 20.98±0.70d2 20.81±0.52e2 45.23±0.16e2 15.07±0.07c2

Osm70 35.04±0.11b2 18.88±0.71c2 18.81±0.53c1 45.11±0.59e2 16.71±0.16c3

Different lowercase letters (a to e) shows significant difference within columns (p<0.05) Different uppercase letters (A to C)
and numbers (1 and 3) shows significant difference within the strawberry variety (p<0.05).
♦ Sample codes are as explained in Table I.
+Color difference.

Phenolic compounds which help to prevent various cancer with its antioxidant activity provide
color and flavor to fruits and vegetables (Murugesan & Orsat 2011). Figure 1 shows the amount of total
phenolic and vitamin C contents in fresh and dried strawberry samples. Total phenolic contents of
fresh strawberry varieties of ‘Florida Fortuna’ and ‘Osmanlı’ was found 31.21 and 132.26 mg GAE/100
g db, respectively. In several studies to determine the total phenolic content of fresh strawberry
samples, the phenolic content for different varieties was found to be 86 mg GAE/100 g db (Rekika
et al. 2005), 144.86 mg GAE/100 g db (Wang & Lewers 2007), 228 mg GAE/100 g db (Yıldız et al. 2014).
Differences in conditions such as light, water availability, temperature, soil type during fruit cultivation
may cause this situation. The effects of temperature on total phenolic content were found significantly
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different among samples. The phenolic contents of dried samples were higher than fresh samples.
Total phenolic contents of both strawberry varieties increased with increasing temperature from 50 to
70 °C. Similar findings were reported by Lutz et al. (2015) in a study conducted on dehydrated tomatoes
and green apples. This may be related to bound phenolic compounds releasing or complex phenolic
compounds hydrolyzation.

Figure 1. Total phenolic and vitamin C contents of strawberries.

The ascorbic acid content of fresh strawberry varieties of ‘Florida Fortuna’ and ‘Osmanlı’ was
found 594.15 and 391.39 mg/100 db respectively. The differences among ascorbic acid contents of
dried strawberries were found significantly different (p<0.05). At drying temperature of 50 °C, the
ascorbic acid content of dried ‘Osmanlı’ strawberries was recorded as 98.61 mg /100g db. When drying
temperature increased to 60 and 70°C, the ascorbic acid content was found to decrease to 82.29 and
77.9 mg /100g db, respectively. These findings were in accordance with the results reported by Chin et
al. (2015) and Tekgül & Baysal (2018) on drying of kiwi slices and lemon peels, respectively. The lowest
retention of ascorbic acid content was recorded in ‘Florida Fortuna’ strawberries dried at 70°C. The
ascorbic acid degradation occurred during drying caused by high temperatures, therefore; the ascorbic
acid content decreased with the increase of temperature as reported by Erentürk et al. (2005). This
may be due to oxidation of ascorbic acid.

Headspace Volatiles of Fresh Strawberries

In fresh strawberries there were more compounds detected in ‘Osmanlı’ strawberries (15 volatiles)
than in ‘Florida Fortuna’ strawberries (13 volatiles) (Table III). A total of 17 volatiles were detected in
the headspace of both strawberries consisting of 3 aldehydes (hexanal, (E)-2-hexenal and nonanal),
5 esters (ethyl acetate, methyl butyrate, methyl hexanoate, ethyl hexanoate and hexyl acetate), 2
acids (2-methyl butanoic acid and hexanoic acid), 2 Maillard reaction and sugar degradation product
(furfural and 2,5-dimethyl-4-methoxy-3(2H)-furanone), 2 ketones (acetone and 2,3-butanedione), 2
alkanes (2,2,4,4-tetramethyl butane and heptane), 1 aromatic hydrocarbon (toluene) and 1 terpene

An Acad Bras Cienc (2022) 94(2) e20201277 6 | 13



YELİZ TEKGÜL & EDİBE S. ERTEN QUALITY AND VOLATILES OF DRIED STRAWBERRIES

(limonene). According to previous studies, fresh strawberry volatiles consist of esters, ketones,
furans, terpenes, aldehydes and sulfur compounds (Yan et al. 2018). In fresh strawberries, esters
are the most important compounds which are responsible for fruity flavor. They were previously
detected among the main volatiles of several fresh strawberry varieties (Severo et al. 2017, Görgüç
et al. 2019, Parra-Palma et al. 2019). When amino acids, sugars and lipids in fruits degraded to
alcohols and acids, alcohol acyltransferase enzyme catalyzes esterification and esters are formed
(Forney et al. 2000). In this study, ester group compounds found in the highest numbers. In another
study, 2,5-Dimethyl-4-methoxy-3(2H)-furanone, ethyl acetate, methyl butyrate and (E)-2-hexenal were
detected among the major odor active compound in two subtropical strawberry varieties by Du et
al. (2011). In this study, 2-methyl butanoic acid, nonanal and furfural were only detected in ‘Florida
Fortuna’ strawberries; while hexanoic acid, 2,2,4,4-tetramethyl butane, toluene, hexyl acetate and
2,5-dimethyl-4-methoxy-3(2H)-furanone were only detected in ‘Osmanlı’ strawberries. Both varieties
had similar predominant volatiles in varying abundance. Ketones were the most abundant in both
raw strawberries followed by esters and aldehydes. Acetone previously was detected as one of main
headspace volatiles in fresh Honeoye and Korona strawberries (Nielsen & Leufvén 2008). Even though
volatile profile of two strawberry varieties similar to each other, difference in abundance of main
compounds may result in flavor difference between two samples. In ‘Florida Fortuna’ sample, acetone
(nail polish odor) was the most abundant compounds followed by diacetyl (butter odor) and ethyl
acetate (pineapple odor). In ‘Osmanlı’ sample, diacetyl was the most abundant compound followed
by ethyl hexanoate (apple peel, fruit odor) and acetone.
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Table III. Headspace volatiles of dried ‘Florida Fortuna’ and ‘Osmanlı’ strawberries at different drying temperatures.

RI* Peak Area Percentage#

No Measure+ Lit† Compound Odor Properties♦ For50 For60 For70 ForR Osm50 Osm60 Osm70 OsmR

1 >600 512 Acetone Nail polish 14.9±2.8abA 7.64±2.6aB 6.61±0.28aB 29.4±1.8cC 17.2±1.6b1 7.21±1.7a1 8.30±5.4a1 13.4±16.7ab1

2 >600 517 Dimethyl sulfide Cabbage, sulfur,
gasoline

22.3±0.19aA 21.0±3.3aA 20.5±3.1aA nd 13.2±2.5b1 15.6±3.7b1 16.3±6.9b1 nd

3 600 595 Acetic acid Vinegar, sour 15.1±0.88aA 12.2±0.47b 10.2±0.88cC nd 9.86±0.17c1 8.91±1.3d2 7.10±0.73e3 nd

4 605 591 2,3-Butanedione
(diacetyl)

Butter 2.61±0.57aA 0.99±0.26bB 1.47±0.96bB 17.5±1.1cC 3.16±0.03a1 1.44±0.04b2 2.72±1.0a1 25.6±0.49d3

5 628 621 Ethyl acetate Pineapple 3.28±2.3abA 0.85±0.13aB 3.97±2.0bA 14.8±0.35cC 1.96±0.16a1 2.18±0.40a1 2.14±0.82a1 8.18±0.27d2

6 641 648 3-Methylbutanal Cocoa, almond 1.28±0.08aA 1.44±0.37aA 1.64±0.41aA nd 1.47±0.40a1 1.62±0.64a1 1.27±0.70a1 nd

7 650 657 2-Methylbutanal Malt 1.30±0.04aA 1.38±0.05aA 1.32±0.16aA nd 0.76±0.29b1 0.98±0.29ab1 1.13±1.0ab1 nd

8 689 -� 2,2,3,3-Tetramethyl
butane

(No odor) nd nd nd nd 0.93±0.04a 0.78±0.04a 1.03±0.54a 1.06±0.64a

9 700 - Heptane Alkane 1.60±0.92aA 0.40±0.18bB 0.25±0.06bB 3.62±1.7cC 0.59±0.04b1 0.17±0.03b2 0.52±0.04b1 0.99±0.08ab3

10 714 712 Acetoin Butter, cream 5.16±0.32aA 1.95±2.2bB 4.74±0.13aA nd 7.24±0.47c1 9.02±1.0d2 6.61±1.5c1 nd

11 725 724 Methyl butyrate Ether, fruit, sweet 1.09±0.04aA 0.61±0.11bB 0.49±0.00bB 4.49±1.5cC 0.30±0.01b1 0.36±0.04ab1 0.30±0.04b1 1.00±0.40b2

12 744 757 Isobutanoic acid Acidic, cheesy 0.46±0.08aA 0.67±0.09aB 0.45±0.11aA nd 1.63±0.50b1 1.43±0.01b1 1.01±0.55c2 nd

13 763 762 Toluene Oil paint nd nd nd nd 8.62±0.15a 7.58±1.4b 5.16±1.8c 2.50±0.29d

14 802 802 Hexanal Grass, tallow, fat 4.72±0.23aA 2.35±0.26bB 1.52±0.08cC 12.1±0.37dD 1.77±0.27c1 1.13±0.46e2 0.88±0.04e2 6.14±0.27f 3

15 839 838 Furfural Bread, almond,
sweet

7.70±0.99aA 32.4±0.81bB 38.8±2.4cC 2.20±0.98dD 5.97±0.04e1 20.4±1.6f 2 36.3±7.8c3 nd

16 843 846 2-Methylbutanoic
acid

Acidic, cheesy 2.30±1.21aA 2.06±0.94aA 1.82±0.37aA 1.75±1.3aA 1.52±0.47a1 1.44±0.06a1 1.33±1.07a1 nd

17 858 856 (E)-2-Hexenal Green, leaf 1.78±1.1aA 0.46±0.23bB 0.35±0.05bB 2.88±0.23cC 0.35±0.09b1 0.16±0.01b2 0.22±0.01b2 1.33±0.14a3

18 876 875 m-Xylene Plastic 1.27±0.04a 0.66±0.13b 0.67±0.28b nd nd nd nd nd

19 928 927 Methyl hexanoate Fruit, fresh, sweet 1.03±0.32aA 0.39±0.04bB 0.44±0.18bB 2.06±0.35dC 0.97±0.08a1 0.89±015c1 0.58±0.19bc1 2.12±0.58d2

20 954 - 2,5-Dimethyl-3(2H)-
furanone

Caramellic 2.09±0.72aA 1.21±0.11bB 1.33±0.16bcB nd 1.16±0.04b1 1.64±0.30c2 0.65±0.23d3 nd

21 977 974 Hexanoic acid Sweat 1.16±0.11aA 0.54±0.48bB 0.41±0.30bB nd nd nd nd 2.07±1.1c

22 982 - 2,3-Dihydro-3,5-
dihydroxy-6-methyl-
4H-pyran-4-one

(No odor) 1.20±0.58aA 0.51±0.31aB 0.37±0.14aB nd 9.12±1.7b1 8.27±0.15b1 2.88±2.0c2 nd

23 1000 1000 Ethyl hexanoate Apple peel, fruit 1.37±0.16abA 1.04±0.31aB 0.57±0.19aC 2.58±0.06bD 5.14±0.57c1 4.23±0.56c1 1.58±0.3ab2 14.6±2.8d3

24 1012 1013 Hexyl acetate Fruity, herbal nd nd nd nd nd nd nd 4.22±1.8a

25 1033 1031 Limonene Lemon, orange 0.41±0.04abA 0.63±0.19bA 0.32±0.04abB 2.39±0.23cC nd nd nd 5.44±1.1d

26 1065 1051 2,5-Dimethyl-4-
methoxy-3(2H)-
furanone
(mesifurane)

Caramel, sweet,
mildew

4.71±0.32aA 3.30±0.32bB 1.98±0.04cC nd 7.12±0.32d1 4.66±2.0a2 2.01±0.67c3 1.99±0.45c3

27 1106 1106 Nonanal Fat, citrus, green 1.27±0.29a 0.27±0.05b 0.36±0.06b 4.14±0.08c nd nd nd nd

*RI: Retention Indices. + Retention indices were calculated by injecting n-alkane (C7-20) solution in HP5 column. † Retention indices obtained from NIST database (www.nist.gov). ♦ Odor properties are based on www.flavornet.org and
www.thegoodscentscompany.com database. # Sample codes are as explained in Table I. nd: Compound is under detection limit of GC-MS. � Not found.
Different lowercase letters (a to f ) shows significant difference within peak area percentage rows (p<0.05) Different uppercase letters (A to D) and numbers (1 and 3) shows significant difference within the strawberry variety (p<0.05).
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Headspace Volatiles of Dried Strawberries

After drying strawberries at 3 different temperatures, 10 additional volatile compounds were
detected in their headspace which were not present in fresh strawberries (Table III). These
compounds were 2 aldehydes (2-methylbutanal, 3-methylbutanal), 2 acids (acetic acid, isobutanoic
acid), 2 Maillard reaction and sugar degradation products (2,5-dimethyl-3(2H)-furanone and
2,3-dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one), 1 ketone (acetoin), 1 aromatic hydrocarbon
(m-xylene) and 1 sulfur-containing compound (dimethyl sulfide). Even though, fresh ‘Osmanlı’
strawberries contained more volatiles than fresh ‘Florida Fortuna’ strawberries; dried ‘Florida Fortuna’
samples had more volatiles (24 compounds) than ‘Osmanlı’ samples (22 compounds). In ‘Osmanlı’
samples, drying process resulted in degradation of hexanoic acid, hexyl acetate and limonene to
under detection limits. In ‘Florida Fortuna’ samples, all the compounds from the fresh samples were
also detected in dried samples. From the detected compounds in dry samples, nonanal and m-xylene
were not detected in any ‘Osmanlı’ strawberries; while 2,2,4,4-tetramethyl butane and toluene were
not detected in any ‘Florida Fortuna’ strawberries. In both varieties, drying resulted in significant
decreases in the levels of eight common compounds, which were diacetyl, ethyl acetate, heptane,
methyl butyrate, hexanal, (E)-2-hexenal, methyl hexanoate and ethyl hexanoate. In addition to those
compounds, acetone and nonanal were significantly decreased in ‘Florida Fortuna’ samples; while
toluene was significantly decreased in ‘Osmanlı’ sample. Overall, dimethyl sulfide (cabbage, sulfur,
gasoline-like odor), acetic acid (vinegar, sour odor), acetone (nail polish odor), furfural (bread,
almond, sweet odor) and acetoin (butter, cream odor) were main volatiles in dried samples. At 50°C,
dimethyl sulfide was the most abundant compound in ‘Florida Fortuna’ samples and acetone was
the most abundant compound in ‘Osmanlı’ samples; since acetone, which was the most abundant
compound in fresh sample, was significantly decreased in ‘Florida Fortuna’ samples upon drying.
Furfural levels of both samples were significantly increased upon increasing drying temperatures.
In samples treated at 60°C and 70°C, furfural was the most abundant compound. Abonyi et al. (2002)
found that aldehydes were the most abundant compounds whereas esters had the highest number
in spray dried strawberry puree.

As one of the main volatiles in dried strawberries, dimethyl sulfide, is known as an off-flavor
compound formed during thermal processing of fruits and vegetables (Scherb et al. 2009). Acetic acid
and esters are formed in strawberries during maturation period from aldehydes (Yamashita et al.
1977). Acetic acid is also formed from hemicellulose in thermally treated plant materials and it plays
a role in further formation of furfural and other aldehydes (Tjeerdsma et al. 1998). While aldehydes
such as hexanal, (E)-2-hexenal and nonanal naturally occur in fruits; other aldehydes such as 2- and
3-methylbutanals and furfural are product of Maillard reaction formed during drying process. Furfural
is known as a main sugar degradation product by heat treatment (Bonn 1985). Since strawberries
contains ∼4.89% sugar (USDA 2010), during drying several sugar degradation products are formed.
In addition, exposure to high temperatures for a long time might adversely affect the volatile profile
of strawberries due to degradation of present compounds and formation of new compounds. In this
study, the longest treatment time was for the samples dried at 50°C. However; the results showed
that drying at low temperature (50°C) resulted in the highest retention of acetone (which is the main
compound in fresh strawberries) and minimum formation of furfural. Furthermore, retention of esters
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Figure 2. Principal component analysis of strawberries. F1 (59.60%) and F2 (23.59%) explained in total of 83.29% of
the variance.

which are important volatiles with their fruity odors, were the highest in samples treated at 50°C.
In conclusion, if conventional drying method is to be used, drying at low temperatures for long time
might be preferred over drying at high temperatures for short time to obtain more fruity-flavored
dried strawberries.

Principal component analysis of strawberries

Principal component analysis (PCA) of strawberries was performed according to the data from
aroma profile (Figure 2). Biplots revealed that F1 and F2 explained 59.60% and 23.59% of the total
variation. 2,3-Butanedione (diacetyl), ethyl acetate, hexanal, limonene which lie in the negative
region of F1 and positive region of F2 were clustered together with Fresh ‘Osmanlı’ (OsmR)
sample. Acetone which lie on the positive regions of F1 and F2, was correlated with cultivar
fresh ‘Florida Fortuna’ (ForR) and samples treated at 50 °C (For50 and Osm50). This compound
was present for ForR, Osm50 and For50 at percentage of 29.42, 17.17 and 14.87, respectively,
was higher compared to the percentage in other cultivars. Samples that were treated at 60 °C
and 70 °C (Osm60, Osm70, For60, For70) and their characteristic volatile compounds such as
furfural, dimethyl sulfide, acetic acid, toluene, 2,3-Dihydro-3,5-dihydroxy-6-methyl-4H-pyran-4-one,
2,5-Dimethyl-4-methoxy-3(2H)-furanone (mesifurane) were clustered together. These results show
that, strawberries that are dried at high temperatures shows similar volatile compound pattern.
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Therefore, they can be used as substitutes for each other in food application when there is a scarcity
of intended variety.

CONCLUSION

This study is the first in identifying volatile and quality changes simultaneously in hot-air
dried strawberries treated at different temperatures. In terms of quality analysis, color values,
physicochemical properties, total phenolic and ascorbic acid contents of hot air-dried strawberry
samples were affected by drying temperature. Especially the total phenolic content increased by
increasing temperature. Comparing the quality parameters for strawberry samples, bulk density,
vitamin C, total phenolic content, lightness, yellowness and redness were found to decrease at high
drying temperature (> 50 °C), whereas WHC increase. Even though there was a small increase in
water holding capacities, they were not significantly affected by temperature difference. Drying at
low temperature (50 °C) resulted in the highest retention of fresh strawberry volatiles and minimum
formation of sugar degradation products. At high temperatures (60 °C and 70°C), volatile profile of
dried strawberries showed similar pattern in ‘Florida Fortuna’ and ‘Osmanlı’ varieties. Main volatiles
were dimethyl sulfide, acetic acid and acetone. The highest number of compound groups were
aldehydes, followed by acids, esters and sugar degradation products. Further research is suggested
to analyze the effect on volatile and quality changes on overall flavor of strawberries and consumer
acceptance.
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