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Abstract

The research was conducted to determine the effects of pretreatment solutions on drying yield, raisin weight, dry-
ing time, soluble solids content (SSC), titratable acidity, pH, total phenolics, total flavonoids, and antioxidant activity
(2,2-diphenyl-1-picrylhydrazyl [DPPH] and ferric reducing-antioxidant power [FRAP] assays) of the local grape varieties
(‘Bilbizeki’, ‘Ragse kewnar’, ‘Kerkiis’) grown in Sirnak province in Tiirkiye. The study determined three different appli-
cations for grape drying: drying in sun (control), dipping in water with wood ash+2.5% olive oil (AWI), and dipping in
5% potassium carbonate+ 1.5% olive oil (PSI). It was determined that the raisin belonging to the control application had
higher raisin weight than the raisin undergoing AWI application. Significantly, the control application had higher drying
yield and drying rate in all grape varieties compared to PSI application. SSC and pH values of drying applications were
found to be similar in all grape varieties. However, significantly higher acidity was obtained from the raisin of AWI only in
‘Bilbizeki’ and from the raisin of AWI and PSI in ‘Rage kewnar’ compared to the raisin of the control application. In ‘Rage
kewnar’ and ‘Kerkiis’ grapes, raisin undergoing PSI application showed significantly higher total phenolics, flavonoids, and
antioxidant activity (according to FRAP) than raisin undergoing both control and AWI applications. It was determined that
the total flavonoids and DPPH antioxidant activity of ‘Bilbizeki’ raisin obtained from the PSI and AWI applications were
significantly higher than those dried by the control application. As a result, the effects of pretreatment solutions on drying
time, drying yield, and bioactive compounds have been revealed by research. In conclusion, PSI can be recommended as
a pretreatment solution to preserve bioactive compounds that are important for human health and accelerate drying time.
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Introduction of fresh grape and has 3.9 million decares of vineyard area.
Table grape, raisin, as well as traditional products and wine
are consumed at a rate of 50.6%, 38.9, and 10.5% of total

fresh grape production, respectively (TURKSTAT 2021).

Anatolia ranks first in the production output of some fruit
species, including grape. Tiirkiye is the sixth-largest coun-

try in total grape production in the world and the second-
largest country in raisin production after the USA (Ke-
skin et al. 2022). Grape production in Tiirkiye is focused
on meeting fresh grape, raisin, and wine/must grape needs
(Unal et al. 2019, 2020). Grapes are produced in almost ev-
ery region of Tiirkiye. It is produced in many local products
such as vinegar, molasses, and pickled leaves from grapes
in Tirkiye (Celik 2014). Consumer preferences may differ
from region to region. Tiirkiye produces 3.67 million tons
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Grape increases the human body’s resistance to diseases
with its rich resveratrol, fiber, vitamins, amino acids, pheno-
lics, mineral elements, and antioxidant activity, in addition
to its unique taste, flavor, and smell (Perestrelo et al. 2014;
Keskin et al. 2022). Many studies have reported that grapes
have a high phenol content, thus being a good source of
antioxidants (Kammerer et al. 2004; Hollecker et al. 2009;
Saglam and Saglam 2018). Recent findings have found that
grape reduces the incidence of chronic diseases such as ag-
ing, annoying diseases, cardiovascular diseases, and cancer
(Kovacic et al. 2005; Hassan and Al-Rawi 2013; Teixeira
et al. 2014; Bakhshabadi et al. 2017; Kaya 2021).

Raisins are generally obtained after pre-drying, drying,
and post-drying processes. These processes are highly ef-
fective on raisin quality due to enzyme activities, sugar
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Fig.1 Local grape varieties
used as plant material in the
study

content, and drying time (Sério et al. 2014; Keskin et al.
2022). During the drying process, there is a significant con-
centration difference in total antioxidant activity, volatile
compounds, vitamins, minerals, and fiber content compared
to fresh grapes (Franco et al. 2004). Fresh grapes can be
dried in the sunlight/shade by immersing them in potash or
water with ash or by modern methods such as vacuum or
microwave drying and hot air drying (Panagopoulou et al.
2019). Grapes are dried in different ways according to con-
sumer taste in Tiirkiye. Grapes can be dried directly in the
sun as well as in the shade. In sunlight drying, the grapes
are dried for 2-3 weeks by laying them on soil, concrete
floors, or shelves. In shade drying, the grapes are dried for 2
or 4 weeks without being exposed to direct sunlight. Before
drying, pretreatment can be done to remove water from the
grapes (Esmaiili et al. 2007). In Asia Minor, the immersion
solution is used to increase the drying rate of the berries in
the cluster. In ancient times, solutions were prepared with
wood ash or olive oil, but today, especially olive oil, wood
ash, or potassium carbonate is used. Potash solution, a com-
bination of potassium carbonate and fatty acids, is still pre-
ferred in commercial cold dips. Water wood ash is also still
used as an organic dipping solution. Grapes dried without
dipping have a gray-blackish color, tough skin, a dry and
oil-free surface, and the sugar content is less than those
dried by dipping (Guler and Candemir 2013).

The main aim of this study was to determine the effects
of wood ash and potassium carbonate pretreatment solu-
tions on drying yield and bioactive compounds of raisins.

Table 1 Some berry and cluster characteristics of varieties
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Material and Methods

Plant Materials

In the study, local grape varieties (‘Bilbizeki’, ‘Kerkiis’,
and ‘Rage kawner’) (Vitis vinifera L) grown in producer
vineyards in the Idil district of Sirnak Province of Tiirkiye
(37°20'30” N, 41°53’25” E and altitude 778 m) were used
as plant material (Fig. 1). Some berry and cluster charac-
teristics of varieties are shown in Table 1.

Each grape variety was hand-harvested and soluble
solids content (SSC) (22-24% for each variety) was used
as the harvest criterion. In the study, clusters with uni-
form berry sizes were selected. Before drying, the average
moisture content of the cultivars ranged from 70 to 80%.

Experimental Design and Preparation of
Pretreatment Solutions

In a first step, enough grape was taken from each variety.
The grapes of each variety were then divided into three
groups for each pretreatment solution. The preparation of
pretreatment solutions is presented below.

Preparation of water with ash: after adding 7% of oak
wood ash to the water, boiling was carried out. The mix-
ture was removed from the fire and cooled, leaving it to
rest. After the ash had settled to the bottom, the water was
removed and boiled again, and approximately 2.5% olive
oil was added.

Local grape varieties Berry shape Berry weight Skin thickness Cluster size Cluster compactness
‘Bilbizeki’ Oval Very heavy (5.9g) Medium Large Medium
‘Rage kewnar’ Oval Medium (3.7 g) Thin Small Medium
‘Kerkiis’ Round Medium (2.9g) Thick Medium Medium
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Preparation of potassium carbonate: 5kg potassium car-
bonate was dissolved in 100L water. Then, 1.5L olive oil
with high acidity (2-4%) was added to this solution (Ak-
deniz 2011). Subsequently, the bunches were immersed in
the prepared solutions for about 5s. Then, all samples were
placed on the white cloth laid on soil to prevent contami-
nation and dried in the sun. The clusters left to dry were
controlled at regular intervals to ensure homogeneous dry-
ing. The drying process continued until the moisture content
of the samples was 17% (Unal et al. 2019, 2020). During
the drying process, the average temperature in the province
was 31.6°C, relative air humidity was 16%, precipitation
was 0%, and wind speed was 0.6m/s.

Applications in which no pretreatment solution was used
were referred to as control, while immersion in potassium
carbonate and water with ash solutions were referred to as
PSI and AWI applications, respectively.

Berry Weight, Drying Yield, and Drying Time

The drying yield was determined by weighing berry weights
using digital scales with a precision of 0.01g (WL-6002)
before and after drying, and the change was expressed as
a percentage. Raisin weight was determined by measuring
with digital scales of 50 raisin in each replication and the
results were expressed as grams. Drying time was calcu-
lated as the number of days from the day the grapes began
to dry to the day when drying ended.

Soluble Solids Content (SSC), Titratable Acidity, and
pH

First, 10-g raisin samples were taken from each replication
and their seeds were removed. The samples were crushed
with an electric blender and 100ml of distilled water was
poured on them; they were then kept at room condition for
6 h. Finally, they were filtered with cheesecloth and a suf-
ficient amount of the filtrate obtained was taken; SSC was
measured with a digital refractometer (RA-600), and the
values were expressed as percentages (Uzun et al. 2020).
For titratable acidity, a sufficient amount of the filtrate ob-
tained was taken and determined by titration with 0.1 N
NaOH, and the results were given as g tartaric acid L-!
(Uzun et al. 2020). The pH of the filtrate was determined
with a pH meter (7D 1000pH/mV, Adwa).

Total Phenolics, Total Flavonoids, and Antioxidant
Activity

Enough raisins were taken in each replication, and the seeds
were first separated from the fruit flesh. Then, raisin sam-
ples were homogenized by shredding in an electric shredder
(Waring, Torrington, CT, USA). Subsequently, a 2-g raisin

sample from each replication of each variety was taken into
a 15-ml falcon tube and 8 ml methanol was added to this.
The samples were kept at 4°C for 2 days and then cen-
trifuged for 5min at 12,000 rpm (Hettich-Zentrifugen, Uni-
versal 320-R, Germany). Total phenolics, flavonoids, and
antioxidant activity (2,2-diphenyl-1-picrylhydrazyl [DPPH]
and ferric reducing-antioxidant power [FRAP] assays) were
analyzed by taking a sufficient amount of extract from the
tube. Readings were carried out on a UV-vis 1280 spec-
trophotometer (Shimadzu, Japan).

Total Phenolics Total phenolics were determined using the
Folin-Ciocalteu’s reagent according to the method reported
by Ozturk et al. (2019). First, 600 uL raisin extract was
taken and 4.0mL distilled water was added. Then, 100 uL
Folin-Ciocalteu’s reagent and 300uL sodium carbonate
(Na,CO;) at 2% concentration were added and incubated
for 2h at room conditions. After incubation, the solution,
which turned greenish, was read in a UV-vis spectropho-
tometer (Shimadzu, Japan) at 760nm wavelength and the
results were calculated as gallic acid equivalent. Results
were expressed as g GAE kg! dry weight (dw).

Total Flavonoids Total flavonoids were determined accord-
ing to the method reported by Zhishen et al. (1999). A total
of 600 uL of the extractant was taken and 3.7 mL methanol
was added to make up to 4.3mL. Then, 100uL 10% alu-
minum nitrate (AI[NO;];) and 0.1 M ammonium acetate
(NH,CH;CO,) were added to this, and the solution was
completed to 4.5mL and kept in the dark at room con-
ditions for 40 min. In the samples, readings were done at
415nm wavelength in a UV-vis spectrophotometer. Results
were presented as g quercetin equivalent (QE) kg! dw.

DPPH Antioxidant Activity DPPH free radical scavenging
activity of the extract obtained from the samples was deter-
mined according to the method presented by (Blois 1958).
In the study, DPPH solution was chosen as the free rad-
ical, 500puL of the extract was first taken, and 2.5mL of
ethanol was added to make up to 3.0mL. The total vol-
umes of 0.5ml of 0.1 mM ethanol solution of DPPH free
radical, sample extract, and standard antioxidant solution
(50-500 ug/mL) were made up to 4ml. The resulting solu-
tion was mixed with vortex for 1 min and placed for 30 min
at room conditions. The absorbance of the solution was
then read at 517nm wavelength in a UV-vis spectropho-
tometer. Results were presented as mmol Trolox equivalent
(TE) kg! dw.

Ferric ions (Fe*®) Reducing Antioxidant Power (FRAP) For
FRAP analysis (Ozturk et al. 2019), phosphate buffer
(1.15mL, 0.2M, pH 6.7) was first prepared, and 100uL
of raisin extract sample was coated with potassium ferri-
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cyanide (KsFe (CN)s) (1.25mL, 1%) and added together.
Then, the reaction mixture was kept at 50 °C for 20 min and
cooled to room temperature. Subsequently, trichloroacetic
acid (TCA, [1.25mL, 10%]) and iron chloride (FeCl;
[0.25mL, 0.1%]) were added and mixed with vortex for
I'min. Finally, the absorbance of the solution was read
at 700nm in a UV-vis spectrophotometer. Results are
presented as mmol Trolox equivalent (TE) kg~' dw.

Statistical Analysis

The experiment was designed according to a completely
randomized parcels design with three replications. Whether
the data were homogeneously distributed was checked by
Kolmogorov-Smirnov Test. Levene’s test confirmed homo-
geneity control of the group variances. Tukey’s multiple-
comparison test was used to compare treatments and the
statistical significance level was set at P<0.05. Statistical
analyses were performed using the SPSS 17 software (IBM
Corp., Chicago, USA).

Results
Raisin Weight, Drying Yield, and Drying Time

There was no effect of pretreatment solutions on raisin
weight in ‘Bilbizeki’ and ‘Rage kawner’ varieties. How-
ever, in the ‘Kerkiis’ variety, the raisin weight of the con-
trol treatment was significantly higher (P<0.05) than that
of the AWI treatment. In terms of drying yield, the con-
trol treatment was significantly higher in ‘Bilbizeki’ variety
compared to other treatments. However, the drying yield of
both control and AWI-treated raisin in ‘Rase kawner’ and
‘Kerkiig® varieties was significantly higher than that of PSI-
treated raisin. Considering the drying time (speed) values,
it was determined that the drying time (speed) of the raisin
belonging to the control treatment in all varieties was sig-
nificantly higher than that of both AWI and PSI treatments.

Drying times (speed) were close to each other in AWI- and
PSI-treated raisin (Table 2).

Soluble Solids Content (SSC), Titratable Acidity, and
pH

It was observed that pretreatment solutions had no effect
on SSC and pH in all grape varieties. On the other hand,
the effect of pretreatment solutions on titratable acidity was
not determined in the ‘Kerkiis’ grape variety. However, the
effect of the pretreatment solutions was significant in ‘Bil-
bizeki’ and ‘Rage kawner’ grape varieties. In ‘Bilbizeki’
variety, raisin that received AWI and PSI treatments had
higher titratable acidity than control raisin. It was also ob-
served that the titratable acidity content of both AWI and
PSI treatments in the ‘Rase kawner’ variety was signifi-
cantly higher than control treatment (Table 3).

Total Phenolics, Total Flavonoids, and Antioxidant
Activity

There was no effect for pretreatment solutions on total phe-
nolics and antioxidant activity (in FRAP assay) in the ‘Bil-
bizeki’ grape variety. However, it was determined that the
total flavonoid content and antioxidant activity (in DPPH)
of AWI- and PSI-treated raisin were significantly higher
than control raisin. Total phenolics, flavonoids, and antiox-
idant activity (in FRAP assay) of raisin receiving PSI treat-
ment were significantly higher than the content of raisin
receiving both control and AWI treatment in ‘Rage kawner’
and ‘Kerkiis’ grape varieties. On the other hand, in ‘Rage
kawner’ variety, it was observed that antioxidant activities
according to the FRAP test were significantly different from
all other treatments. The highest and lowest antioxidant ac-
tivity were obtained from raisin receiving PSI and AWI
treatments, respectively (Table 4).

Table 2 Effect of pretreatment solutions on raisin weight, drying yield, and drying rate of local grape varieties

Local grape varieties Dipping applications Raisin weight (g) Drying yield (%) Drying time (days)
‘Bilbizeki’ Control 0.64 a 25.57a 15.00 a
AWI 0.54 a 20.87b 5.00b
PSI 0.61 a 19.17b 5.00b
‘Rage kewnar’ Control 0.68 a 31.57a 14.00 a
AWI 0.73 a 26.60 a 7.00 b
PSI 0.63 a 21.67b 7.00 b
‘Kerkiig’ Control 0.57 a 34.97 a 11.00 a
AWI 0.48 b 32.70 a 5.00 b
PSI 0.52 ab 28.87b 5.00b

The difference between mean values shown on the same column with same letter in cultivar is not significant according to Tukey’s test at P <0.05
Control Sun-dried, AWI Immersed to wood ash water, PSI Immersed to 5% potassium carbonate
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Table 3 Effect of pretreatment solutions on soluble solids content, titratable acidity, and pH of local grape varieties

Local grape varieties Dipping applications Soluble solids content (%) Titratable acidity (%) pH

‘Bilbizeki’ Control 7733 a 0.98b 430a
AWI 79.97 a 124 a 4.10a
PSI 80.63 a 1.07 ab 4.27 a

‘Rage kewnar’ Control 74.03 a 0.88b 4.50a
AWI 78.87 a 1.06 a 4.63 a
PSI 79.97 a 1.08 a 4.60 a

‘Kerkiig® Control 79.20 a 1.08 a 4.50a
AWI 79.20 a 1.02a 4.57 a
PSI 79.20 a 092a 447 a

The difference between mean values shown on the same column with same letter in cultivar is not significant according to Tukey’s test at P <0.05
Control Sun-dried, AWI Immersed to wood ash water, PSI Immersed to 5% potassium carbonate

Table 4 Effect of pretreatment solutions on total phenolics, total flavonoids, and antioxidant activity (2,2-diphenyl-1-picrylhydrazyl [DPPH] and

ferric reducing-antioxidant power [FRAP] assays) of local grape varieties

Local Treatments Bioactive compounds
grape Total phenolics Total flavonoids FRAP DPPH
varieties (g GAE kg™ dw) (g QE kg! dw) (mmol TE kg™! dw) (mmol TE kg™! dw)
‘Bilbizeki’ Control 1794 a 210b 63.0a 18.8b
AWI 1866 a 381 a 65.6a 21.6a
PSI 1864 a 393 a 674a 24a
‘Rage Control 2018 b 490 b 86.5b 212a
kewnar’ AWI 1904 b 260 b 73.6¢ 157b
PSI 2745 a 787 a 99.7 a 159b
‘Kerkiig® Control 2397 b 484 b 100.3 a 17.0b
AWI 2241 b 350 b 69.1b 172b
PSI 3518 a 802 a 112.1a 18.1a

The difference between mean values shown on the same column with same letter in cultivar is not significant according to Tukey’s test at P <0.05
Control Sun-dried, AWI Immersed to wood ash water, PSI Immersed to 5% potassium carbonate

Discussion
Raisin Weight, Drying Yield, and Drying Time

Drying time and yield are essential parameters in fruit dry-
ing (Mazlum and Nizamlioglu 2021; Keskin et al. 2022).
In the study, the effect of pretreatment solutions on drying
yield and drying time was determined in general. How-
ever, the effect of pretreatment solutions on raisin weight
was significant in ‘Kerkiis’ grape variety. Indeed, Jadhav
et al. (2010) determined that the solutions obtained from
potassium carbonate+ olive oil mixtures in different con-
centrations in ‘Thompson seedless’ grape variety affected
the raisin weight. Zemni et al. (2017) found that the raisin
weight in the ‘Italia Muscat’ grape variety was 1.45g in
the sun-drying application, 1.75g in those dried by dip-
ping in 6% K,COs+0.5 olive oil solution, and 1.06g in
those dried by dipping in 1.0% NaOH solution. Generally,
1kg raisin can be obtained from 3-5kg of fresh grapes,
and the drying yield can vary between 20 and 35% (Guler
and Candemir 2013). The drying yield in our study varied
between 19.17 and 34.97%. Our study observed that pre-

treatment solutions had a significant effect on drying yield
in all varieties. It was determined that the raisin samples
dipped in potash solution had a lower drying yield. Celik
(2019) reported that the drying yield was 21, 20.65, and
18.76% in ‘Razaki’, ‘Osmanca’, and ‘Gelin’ varieties, re-
spectively, and the difference between control and other
treatments (wood ash and potash solution) was statistically
significant in terms of drying yield. On the other hand, Ka-
puci (2021) reported that the drying yield differs depending
on the applied solutions, varying between 24.31 and 26.54%
in the ‘Bineteti’ variety and between 18.63 and 20.20% in
the ‘Zeyti’ variety. Pretreatment solutions had a significant
effect on drying time. During the dipping process, the so-
lutions cause the wax layer on the berry to break down
(Matteo et al. 2000; Esmaiili et al. 2007; Dev et al. 2008).
It was observed in the study that raisin receiving AWI
and PSI treatments (dipped in the melt) dried in a shorter
time than raisin receiving control treatment. Similarly, Tu-
lasidas et al. (1996) reported on grapes dipped in 0.5%
NaCOs, 0.5% NaOH+ 2% ethyl oleate, 0.5% NaOH+ 3%
ethyl oleate, and 2.5% K,CO;+ 3% ethyl oleate solution and
dried at 11.07, 8.7, and 11.0h, respectively. In the ‘Rubi’
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grape variety, the drying times were determined as 204.6h
in control and 95.0 and 93.3h in the grapes dipped in 6.0%
K>CO3+0.5% olive oil and 6.0% K,COs+2.5% olive oil
solutions for 2min, respectively (Telis et al. 2006). It is
stated that a variety of characteristics such as cluster size
and density, berry size, skin thickness, the water content
of grapes and sugar content of grapes, drying technique,
harvest time, climatic conditions during the harvesting pe-
riod, and environmental conditions during the drying pro-
cess affect drying yield and duration (Jalili Marandi 1996;
Christensen and Peacock 2000; Ramming 2009).

Soluble Solids Content (SSC), Titratable Acidity, and
pH

Compared to fresh grapes, raisin have higher SSC. While
the sugar rate in fresh grapes is around 20% at the begin-
ning of drying, this rate can increase up to 85% after drying
(Akdeniz 2011). However, it has also been reported that the
drying method can affect this rate (Yalcinkaya 2016). Hav-
ing said that, in this study, an effect for drying methods
on SSC and pH was not observed. However, it was no-
ticed that titratable acidity caused differences in ‘Bilbizeki’
and ‘Rage kawner’ varieties. Jadhav et al. (2010) reported
that the SSC content of raisins dipped in potassium carbon-
ate+olive oil solution in the ‘Thompson seedless’ grape
variety ranged from 70.71 to 82.97%, and the titratable
acidity content ranged from 0.25 to 0.32%. The acidity of
raisins, which were also obtained according to different dip-
ping solutions and drying techniques, ranged from 0.46 to
0.51% in the ‘Thompson seedless’ variety and from 0.54
to 0.63% in ‘Perlette’ variety (Mandal and Thakur 2015).
The researchers’ findings showed that the SSC contents ob-
tained in the study were at a similar level and the acidity
content was higher. The difference in acidity may be due to
the drying technique, the grape’s ecology, and the variety
(Foshanji et al. 2018). In line with our findings, Yalcinkaya
(2016) reported that the pH values of raisins varied between
4.29 and 4.52, acidity values between 0.77 and 1.05%, and
SSC between 81.74 and 87.13% with different drying ap-
plications.

Total Phenolics, Total Flavonoids, and Antioxidant
Activity

Due to the desire of consumers to consume foods with rich
phenol content and their high antioxidant activity, different
techniques are used both before and after harvest in fruit and
vegetable production. Today, reducing the loss of nutrient
content in the product processing process is one of the most
central issues for food manufacturers (Mazlum and Nizam-
lioglu 2021; Keskin et al. 2022). In this study carried out in
this context, the effects of pretreatment solutions on bioac-
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tive compounds of raisin were examined and differences
were observed in bioactive compounds depending on the
pretreatment solutions. In general, it was determined that
raisin dipped in potash solution (PSI) had higher total phe-
nolics, flavonoids, and antioxidant activity. It was reported
in previous studies that there are differences in bioactive
compounds depending on drying methods (Breksa et al.
2010; Zemni et al. 2017; Foshanji et al. 2018). In a study
conducted on the ‘Thompson Seedless’ grape variety, Ye-
ung et al. (2003) reported that the total phenolic content of
raisin dipped in sulfur dioxide was higher than those dipped
in hot water and those dried in the sun.

Similarly, it was stated that the phenol content of the
‘Italia Muscat’ variety changes depending on the drying
technique (Zemni et al. 2017). Similar to our findings,
Celik (2019) and Kapuci (2021) reported that bioactive
compounds differ according to pretreatment solutions, and
dipped raisins contain higher total phenolics and antioxidant
activity than sun-dried ones. In contrast, Yalcinkaya (2016)
stated that lower bioactive compounds were obtained from
the application of 3% K,COs;+ 1.5% olive oil compared to
sun drying. The diversity of varieties and ecology may have
caused the difference between the findings. Many factors
such as drying time, drying conditions, grape variety, ecol-
ogy, and maturity can affect bioactive compounds (Mazlum
and Nizamlioglu 2021).

Conclusion

The effects of pretreatment solutions on grape drying time,
drying yield, and bioactive compounds have thus been re-
vealed by research. Finally, 5% potassium carbonate + 1.5%
olive oil solution (PSI) can be recommended as a pretreat-
ment solution to preserve bioactive compounds that are im-
portant for human health and to accelerate the drying time.
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