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Chemical properties of grape, cranberry, blueberries, pomegranate, black mulberry, juniper, and
carob pekmez samples were investigated in this study. Capillary electrophoresis was used to
assess the organic acids and sugar levels of pekmez samples. The two main sugars were found
to be as glucose and fructose. Juniper pekmez has the lowest sugar with 22.6 g /100 g glucose
and 20.1 g /100 g fructose. Black mulberry (35.6 g/100 g) has the highest glucose whereas grape

DPPH The samples' total phenolic levels ranged from 265 mg GAE/g (blueberry) to 1070 mg GAE/g

activities (45.8 g /100 g) includes the highest fructose. Each pekmez samples included 8 organic acids

i which are oxalic, tartaric, malic, citric, succinic, acetic, lactic, and gluconic acid. 1,1-diphenyl-
% 2-picryl-hydrazil (DPPH) technique was applied for testing the antioxidant activities. Carob
. Fructose pekmez scavenged DPPH the most with 96.28% inhibition value. The other pekmez samples
. Organic acid have inhibited DPPH with the values ranging between 58.04% (cranberry) to 90.16 (juniper).

(grape). Moisture contents were measured using a moisture analyzer. Cranberry pekmez
(19.06%) and grape pekmez (12.24%) have significantly the highest moisture compared to other
samples changing between 2.41% and 5.10%.
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INTRODUCTION

Anatolia has a rich cuisine due to its diverse culture, a wide variety of dishes, and unique
ingredients. One of these special and widely used traditional Anatolian food is pekmez. Pekmez is a
concentrated version of various fruit juices that contains up to 65-80% soluble dry matter (Karababa et
al., 2005; Turkben et al., 2016). It is made by traditional or technology methods of crushing and boiling
a variety of fruits without the addition of sugar or other culinary additives. It is eaten as a dessert either
plain or with tahini. It is also utilized in conventional foods like halva.

The main fruit used in pekmez manufacturing is grape. The Turkish Statistical Institute estimates
that 4 200 000 tons of grapes are produced in Turkey each year (Anonymous, 2021) and 40% of this
amount is used for the production of grape pekmez. Besides grape, several fresh or dried fruits such as
fig, mulberry, apple, apricot, cranberry, blueberries, pomegranate, black mulberry, juniper, and carob
which contain a high level of sugar are also used in making pekmez.

Pekmez is an energy source rich in carbohydrates, mixes into the blood shortly after consumption
without the need for digestion due to the monosaccharides (Simsek and Artik, 2002; Sengiil et al., 2005;
Akbulut and Ozcan, 2008; Aliyazicioglu et al., 2009; Turkben et al., 2016; Salik et al., 2021). Pekmez
is nutritionally crucial, especially for infants, kids, athletes, and circumstances requiring a quick source
of energy. Pekmez also provides bone development due to its iron and calcium content and is good for
anemia (Demirdzii et al., 2002; Simsek and Artik, 2002; Sengiil et al., 2005; Akbulut and Ozcan, 2008;
Akbulut and Ozcan, 2009; Turkben et al., 2016). When consumed in cold weather, it provides the heat
balance of the body, strengthens the immune system, and protects the body against diseases due to its
antioxidant effect (Alasalvar et al., 2005; Karababa et al., 2005; Aliyazicioglu et al., 2009; Turkben et
al., 2016, Salik et al., 2021).

Studies on the chemical and physical characteristics of pekmez often only discuss grape and
mulberry pekmez (Demirdzii et al., 2002; Kaya and Belibagli, 2002; Sengiil et al., 2005; Akbulut and
Ozcan, 2009; Aydinlik and Battaloglu, 2016; Turkben et al., 2016; Salik et al., 2021). The results in
some of these reports were evaluated according to the geographic and botanical origins of the fruits
which pekmez was produced from (Kaya and Belibagli, 2002; Demird6zii et al., 2002; Turkben et al.,
2016; Salik et al., 2021). There are a few studies on the bioactivities and chemical ingredients of this
important Anatolian food product produced with different fruits such as fig (Simsek and Artik, 2002),
carob (Simsek and Artik, 2002, Yogurteu and Kamisli, 2006; Sengiil et al., 2007; Aliyazicioglu et al.,
2009), sorghum (Akbulut and Ozcan, 2008), date and apricot (Aliyazicioglu et al., 2009), cherry laurel
(Alasalvar et al., 2005), rosehip (Yogurtgu and Kamisli, 2006) beside grape and mulberry. It is
significant to remember that the nutritional content of pekmez could vary according to the fruit from
which it is produced.

The purpose of this study was to analyze seven pekmez samples made from grape, cranberry,
blueberry, pomegranate, black mulberry, juniper, and carob to evaluate their sugar, organic acid,
antioxidant activities, and moisture contents. This is the first scientific report on cranberry, blueberry,
pomegranate, black mulberry, and juniper pekmez. Moreover, for the first time, organic acids in pekmez
and their moisture contents were reported in this study.

MATERIALS AND METHODS
Materials

Sigma-Aldrich provided D(+) fructose and D(+) glucose (Steinheim, Germany). Supelco provided
the acetic, citric, L-(+)-lactic, D-(+), malic, oxalic, D-(-), tartaric, and succinic acids (Bellefonte,
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Pennsylvania, USA). The following chemicals were from Merck (Darmstadt, Germany): sodium
carbonate anhydrous, 2,6-pyridinedicarboxylic acid, sodium hydroxide, 1,1-diphenyl-2- picrylhydrazil,
D-gluconic sodium salt, N-cetyl-N,N,N-trimethylammonium bromide (CTAB). Glycyl-glycine and the
phenol reagent of Folin-Ciocalteu were obtained from Fluka (Buchs, Switzerland).

Seven different kinds of pekmez samples namely grape, black mulberry, cranberry, pomegranate,
carob, blueberry, and juniper were purchased from supermarkets in Istanbul, Turkey.
Experimental procedure

Agilent 1600 capillary electrophoresis device combined with an ultraviolet diode array detector
(UV-DAD) (Waldbronn, Germany) was used. Data were processed via the Agilent ChemStation
software. Injections were performed at 50 mbar for 6 s and the temperature was 25°C. Silica capillary
column with 50 um inner diameter, 64 cm total length, and 56.5 cm effective length was used for the
separations (Polymicro Technologies, Phoenix, AZ, USA). By first rinsing with deionized water for 10
minutes and then 1 mol/ L sodium hydroxide (NaOH) during 30 minutes, the condition of the fused silica
capillary was assessed. The capillary was rinsed with buffer solution for 10 minutes, deionized water for
10 minutes, and 0.1 mol/ L NaOH for 15 minutes when the work begins. Between each run, the capillary
flushed for 2 minutes with 0.1 mol/ L NaOH and deionized water and then for 5 minutes with the running
buffer.

The Shimadzu UV-1800 spectrophotometer was used to measure absorbance to specify the total
phenolics of each sample. For the determination of DPPH radical scavenging activity, a 96-well
microplate reader (BioTek Power Wave XS (USA)) was used.

Genb Data Analysis software was used to assess the measurements and computations of the DPPH
radical scavenging activity data.

The moisture measurements were performed with an infrared moisture analyzer (Shimadzu
MOC63U).

Water purified using a model system (Elga Purelab Option-7-15, UK) was used to prepare all
solutions, which were then kept at 4°C.

Samples of pekmez were precisely weighed at 100 mg. After being vortexed for 5 minutes at 3000
rpm to extract each sample into deionized water (5 mL, 80°C), the samples were incubated for 15
minutes in a water bath. For 10 minutes, the mixtures were centrifuged at 3500 rpm. Before injecting
the capillary column to measure the contents of sugar and organic acids in pekmez samples, the
supernatant was filtered via microfilters with 0.45 um pore sizes.

Each pekmez sample was carefully weighed at 100 mg before being extracted with a 5 mL solution
of methanol: water (80:20, v/v) by vortexing for five minutes at 3000 rpm and sonicating for fifteen
minutes. The mixture was centrifuged at 3500 rpm for 10 min. Before analysis, the supernatant was
filtered using microfilters with 0.45 m pore sizes. The total phenolic content and DPPH radical
scavenging capacity of the pekmez samples were assessed using this extract.

The analysis of glucose and fructose in pekmez was performed using a modified CE method
developed by Giirel et al. (2006). This method was also successfully applied to Anatolian honey
(Kaygusuz et al., 2016) and honey bee-pollen samples (Kalaycioglu et al., 2017), melon cultivars
(Kolayli et al., 2016), and pomegranate juices (Tezcan et al., 2009) by our group in previous studies.

Glyclglycine which is a dipeptide was used as the separation buffer in this method. Fructose and
glucose were separated from each other and detected indirectly without any need for derivatization and
a buffer additive. In order to obtain an optimal separation, glycylglycine at 50 mmol/L (pH: 12.52) was
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used. The sample injection was performed at 50 mbar for 6 s at 25 kV. A reference wavelength of 207
nm was used to establish the wavelength at 350 nm.

The amounts of glucose and fructose in each pekmez sample were calculated using calibration
curves. For both sugars, the calibration curves were constructed with a correlation coefficient of 0.996
between 2 mmol/L and 8 mmol/L. The limit of detections (LODs) for glucose and fructose were 25.2
mg/mL and 23.1 mg/mL, respectively. Recovery percentages for glucose and fructose were between
93.2 and 107%.

The capillary electrophoresis method, which has previously been used to analyze many foods and
beverages, was used to assess the organic acids in pekmez samples (Tezcan et al., 2009; Kaygusuz et
al., 2016; Kolayl et al., 2016; Kalaycioglu et al., 2017).

In this method, 2,6-pyridinedicarboxylic acid (PDC) which is a chromophore, was used as a
separation buffer. The separation buffer was supplemented with a cationic surfactant, CTAB, to facilitate
the rapid coelectroosmotic migration of organic acids. For the best separation, the buffer was chosen to
be 5 mmol/L PDC + 0.1 mmol/L CTAB (pH: 5.60). The injections were carried out from the negative
side for 6 s at 50 mbar. The running voltage was set at -25 kV. With a reference wavelength of 200 nm,
the detection wavelength was 350 nm.

The calibration curves for all organic acids were constructed between 0.250-4.50 pg/mL and the
correlation coefficients were changed between 0.992 and 0.999. Calibration curve equations were used
for the calculation of organic acid levels in the pekmez samples.

The Folin-Ciocalteu (FC) method (Singleton and Rossi, 1965), which is generally preferred in the
calculation of the total phenolic content was used in this study. 7.5 g /100 mL sodium carbonate solution
and 1:10 diluted Folin-Ciocalteu's reagent were prepared. Gallic acid (GA) was used as a reference
chemical standard.

The stock solution of GA (500 ug/mL) was prepared in distilled water. Three hundred uL of GA
in different concentrations were blended with FC reagent (1500 pL) and sodium carbonate solution
(1200 pL). The resulting concentrations of GA were between 35-280 pug/mL. For a stable hue, each
mixture was left to stand at room temperature for 10 minutes. At 760 nm, the absorbances of various
solutions were recorded. The calibration equation for GA was y = 0.0036x + 0.1445 (r? = 0.9996).

The samples were prepared by following the procedure as described for the gallic acid standard
above and the absorbances were measured at 760 nm. The total phenolic contents were calculated using
the calibration equation of gallic acid. Results were given in terms of mg/g of gallic acid equivalents
(GAE).

Each pekmez sample's capacity to scavenge free radicals was assessed using the mostly unaltered
DPPH assay developed by Blois (1958). DPPH absorbs at 517 nm in its radical form. In the presence of
antioxidant species, its absorption decreases due to the reduction. In this study, 10 pL of pekmez extracts
at different ratios (w/v) were added into a 90 uLL methanolic 0.1 mmol/L DPPH solution. The mixtures
were let to stand for 30 minutes at 25°C, after which the absorbance at 517 nm was measured. The
percentage inhibition of DPPH used to represent the results. Equation 1 was used in order to calculate
the % inhibition:

Percentage inhibition (1%) = [(Ac — As)/Ac] . 100 Q)
As : Absorbance of the samples
Ac : Absorbance of the control

Moisture contents of the pekmez samples were measured by the loss on drying technique using a

moisture analyzer. The samples were weighed on moisture balance and superheated until the end of the

461



Zeynep KALAYCIOGLU 13(1), 458-467, 2023

Characterization of Pekmez Samples Produced with Different Fruits According to Sugar, Organic Acid,
Antioxidant Activities, and Moisture Contents

drying period by infrared. The temperature was set at 105°C. All the samples reached equilibrium at 10
min. The results were recorded as %omoisture (w/w).

RESULTS AND DISCUSSION
Sugars

The sugars of pekmez which make it sweet and flavorful are due to its fruits. These sugars include
disaccharides like sucrose and monosaccharides like fructose and glucose. Most fruits have a mixture of
these different sugars.

Table 1 displays the fructose and glucose concentrations of the pekmez samples. Glucose amounts
are found be between 22.6 — 35.6 g/100 g and fructose levels changes from 20.1 g/100 g to 35.8 g/100
g. Fructose/Glucose (F/G) ratios varied between 0.89 and 1.12. The different types of fruit could be the
cause of the vast range of fructose/glucose ratios in the pekmez samples. The F/G ratios of raw fruits of
the related pekmez samples were searched from the literature. The F/G ratio of the blueberry (0.95)
(Ayaz et al., 2000), pomegranate (0.57) (Legua et al., 2012), and grapefruit (1.02) (Orak et al., 2009)
were found to be lower than those of pekmez samples produced from these fruits. The numbers in the
brackets are the average F/G ratios. The average F/G ratio of juniper fruits (1.63) from Anatolia
(Tiirkoglu et al., 2008) was higher than that of juniper pekmez (0.94). Geger et al. (2016) reported the
fructose and glucose contents of 40 accessions of black mulberry fruits from Anatolia and the F/G ratios
were calculated between 0.64 — 1.27. Dikkaya et al. analyzed the sugar content of 90 Anatolian carob
genotypes and the F/G ratios were between 0.74 — 1.25. In the study of Forney et al. (2012), glucose in
cranberry fruit was between 74 and 82% of the total sugars whereas fructose was between 16 to 24%
which means the F/G ratios were under 1.00.

Pomegranate, black mulberry, grape, and cranberry pekmez include more or less the same amount
of sugars. Glucose and fructose amounts of carob, juniper, and blueberry pekmez have lower than those
of them. Figure 1 shows the electropherogram of the grape pekmez sample.

Several pekmez samples' total sugar and individual sugar contents were reported using various
methods. The sugar contents of different grape pekmez were determined by HPLC (Turkben et al.,
2016). Fructose amounts were found to be between 22.34 — 34.69 g/100 g whereas glucose ranged from
27.57 to 41.11 g/100 g. The mean values of fructose and glucose amount in 4 different kinds of pekmez
samples were reported between 10.83 — 31.75 ¢/100 g and between 11.98 — 32.38 g/100 g, respectively
(Simsek and Artik, 2002). Total sugar contents of 10 mulberry pekmez were reported between 64.04 —
71.40% (Salik et al., 2021). Aliyazicioglu et al. (2009) analyzed glucose and sucrose by a
spectrophotometric technique. Glucose amounts were ranged from 41.0 and 66.0 g/100 g in four
different kinds of pekmez. Alasalvar et al. (2005) measured the sugar levels of cherry pekmez by HPLC.
Fructose (13.76 g/100 g) and glucose (16.39 g/100 g) were predominant components among the other
sugars such as xylose (0.48 g/100 g), arabinose (0.71 g/100 g), sorbitol (7.43 g/100 g), and sucrose (0.05
g/100 g).

Organic acids

Organic acids improve the physicochemical and sensory properties of food products. Moreover,
they are commonly used as food preservatives and exhibit antimicrobial activity against food pathogens.
Figure 2 illustrates an example electropherogram of a pekmez sample (grape). Pekmez extracts were
further diluted to quantify gluconic acid as shown in the on-set electropherogram. Table 2 lists the
organic acid concentrations in the pekmez samples.
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Figure 1. Electropherogram of 1:10 diluted grape pekmez sample (G: Glucose F: Fructose)
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Table 1. Glucose, fructose contents and F/G rates of pekmez samples

Pekmez Samples Glucose Fructose FIG
(9/100 g = SD) (0/100 g + SD)
Carob 22.6+1.2 20.1£3.9 0.89
Juniper 23429 21.9+24 0.94
Blueberry 25.8+£2.7 26.9+4.3 1.04
Pomegranate 329+39 33.4+4.1 1.02
Black mulberry 35.6+2.5 347+238 0.97
Grape 32.0£3.1 35.8+4.2 1.12
Cranberry 324+1.8 33.9+4.1 1.05

Oxalic acid, tartaric acid, malic acid, citric acid, succinic acid, acetic acid, lactic acid, and gluconic
acid are all present in varying concentrations in all of the pekmez samples. Higher organic acid levels
were obtained in the grape and black mulberry pekmez among all samples. The major organic acid is
gluconic acid (6.7 — 16 g/kg) in all pekmez samples. As far as is known, there has not been any
investigation of the precise organic acid composition of pekmez.

Abs (mAU)

-304

404

-504 l 1

4
time (min)

Figure 2. Electropherogram of grape pekmez extract. (1)Oxalic acid, (2)Tartaric acid, (3)Malic acid, (4)Citric acid,
(5)Succinic acid, (6)Acetic acid, (7)Lactic acid, (8)Gluconic Acid. On-set electropherogram shows the analysis of the
diluted pekmez extract at quantification of gluconic acid

Table 2. Organic acids in pekmez samples

Pekmez Oxalic Tartaric Malic Citric Succinic Acetic
Samples Acid Acid Acid Acid Acid Acid
Carob 0.012+0.03 0.18 = 0.05 0.32+0.02 0.27+0.03 0.25+0.03 0.15+0.03
Juniper 0.012+0.01 0.21 £0.03 0.39+£0.02 0.35+£0.03 0.23£0.04 0.14+0.04
Blueberry 0.072 £0.012 0.19+0.03 0.38+0.03 0.35+0.03 0.095+0.012 0.087 £0.012
Pomegranate 0.065 +0.017 0.22+0.03 0.31+0.01 0.28 £0.02 0.18+0.02 0.11+0.04
Black mulberry 0.11£0.01 0.25+0.02 0.35+0.03 0.23+0.03 0.21£0.02 0.12£0.01
Grape 0.083 +0.001 0.32+0.01 0.43 +0.03 0.41+0.04 0.29 +0.05 0.16 £0.02
Cranberry 0.062 +0.022 0.23+£0.03 0.39+0.03  0.36+0.03 0.24 +0.04 0.13+0.03
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Table 2. Organic acids in pekmez samples (continued)

Pekmez Lactic Gluconic Acid
Samples Acid

Carob 0.98+0.11 10.0£2.3
Juniper 1.1+£0.3 9.0+ 1.6
Blueberry 0.7+0.1 6.7+2.8
Pomegranate 1.3£0.1 8.4+4.1
Black mulberry 0.86 +0.12 15+4
Grape 1.2+0.1 18+3
Cranberry 09+0.1 7.2+23

The results are presented as means with standard deviations (n = 3), g/kg.
Total phenolics and antioxidant activity

One of the main contributors to the antioxidant activity of dietary products is thought to be
phenolic chemicals. Table 3 lists the total phenolics in the pekmez samples. As seen from the table, total
phenolic contents were ranged from 265.3 to 1071 mg GAE/g. The highest value was observed in grape
pekmez whereas blueberry pekmez has the lowest total phenolic content.

In the literature, there are some studies reporting the total phenolics of pekmez. Total phenolics of
mulberry pekmez samples from Erzincan (n=10) was evaluated and found to be between 3.92-10.05 mg
GAE/g (Salik et al., 2021). The total phenolic content of grape, date, apricot, mulberry, and carob
pekmez was changed between 138-243 mg GAE/g (Aliyazicioglu et al., 2009). Aydinlik and Battaloglu
(2016) analyzed 50 grape pekmez samples for their phenolic contents and gallic acid, catechin, caffeic
acid, epicatechin, p-coumaric acid and ferulic acid were found. The mean (n=50) total phenolic content
was reported as 3359.25 mg GAE/g dry weight (Kaya and Belibagli, 2002). Turkben et al. (2016)
determined caffeic acid, ellagic acid, ferulic acid, gallic acid, p-coumaric acid, and rutin hydrate in 14
different grape pekmez samples.

The information about the polyphenol compound spectrum in different pekmez samples is missing.
However, it could be expected that pekmez contains similar polyphenols to fruits in which it is produced
from. Haminiuk et al. (2012) compared the total phenolic contents of fruit in their review article. Grape
was reported as one of the richest phenolic substance sources in comparison to other fruits such as
berries.

Antioxidants are vital nutrients with the power to shield the body from the harm brought on by
oxidative stress brought on by free radicals. Based on their ability to scavenge DPPH radicals, the
pekmez samples' antioxidant potential was examined. It is a commonly used test for figuring out how
effective antioxidants are in substances and natural products. The rate of DPPH discolouration was used
to analyze the antioxidant substance's capacity to scavenge DPPH radicals. Sample to solution ratios
was optimized as %4 (w/v) and 2 (w/v) to screen DPPH radical scavenging activities of the pekmez
samples besides without dilution. Figure 3 shows the average inhibition (%) values against the sample
to solution ratios of the samples. Carob pekmez had the highest DPPH radical scavenging activity, with
an inhibition value of 96.28%. Juniper and pomegranate pekmez followed carob pekmez, respectively.
Cranberry pekmez was the least active pekmez, however, it inhibited the DPPH by more than %50.

464



Zeynep KALAYCIOGLU 13(1), 458-467, 2023

Characterization of Pekmez Samples Produced with Different Fruits According to Sugar, Organic Acid,
Antioxidant Activities, and Moisture Contents

100

BD

60

40

Inhibition {3:)

20

& s & & \&é‘“ ﬁ.f‘ &q}""
& q}& 7

1/4 (wifv) 1/2 (wv) no dilution

Figure 3. DPPH % inhibition values of the pekmez sample
Moisture content

The moisture content of a food product has a significant impact on the physical properties such as
texture, appearance, products’ taste, weight, and density. The food products' shelf life, food quality
measurements, and even legal requirements are related to moisture contents.

The moisture contents of pekmez samples in terms of %w/w are given in Table 3. The cranberry
and grape pekmez have the highest moisture values, as shown in the table. There is a significant
difference between these two pekmez samples and the other samples. The other samples have moderate
the same moisture content.

Table 3. Total phenolic and moisture contents in the pekmez samples

Pekmez Samples Total phenolic contents Moisture contents
(mg GAE/g = SD) (w/w = SD)

Carob 598 +£9 5.10+0.04
Juniper 793 £12 2.41+0.01
Blueberry 265+5 3.27+0.01
Pomegranate 3204 3.27+0.01
Black mulberry 376 £7 4.32+£0.03
Grape 1070 £ 15 12.24 +0.17
Cranberry 431+7 19.06 + 0.34

The results are presented as means with standard deviations (n = 3), g/kg

CONCLUSION

In this study, for the determination of sugar and organic acids in different kinds of pekmez, rapid
and simple capillary electrophoresis techniques were used. Pekmez samples were evaluated for organic
acid contents in this study, for the first time in the literature. When considered the sugar content, the
pomegranate, juniper, cranberry, and blueberry pekmez were evaluated for the first time in this study.
Additionally, the samples' total phenolic levels, antioxidant activity, and moisture contents were
reported. On the basis of the above findings, pekmez seems to be an important source of sugar, organic
acid, and antioxidants. The differences observed between the samples may be attributed to the fruits
which are produced from.

ACKNOWLEDGEMENTS

The author would like to express her deepest thanks to Prof. Dr. F. Bedia Erim for providing the
research facility.

Conflict of Interest
The author declared that there is no conflict of interest.

465



Zeynep KALAYCIOGLU 13(1), 458-467, 2023

Characterization of Pekmez Samples Produced with Different Fruits According to Sugar, Organic Acid,
Antioxidant Activities, and Moisture Contents

REFERENCES

Akbulut, M. and Ozcan, M. M. (2008). Some physical, chemical, and rheological properties of sweet
sorghum (Sorghum Bicolor (L) Moench) pekmez (molasses). International Journal of Food
Properties, 11(1), 79-91.

Akbulut, M. and Ozcan, M. M. (2009). Comparison of mineral contents of mulberry (Morus Spp.) fruits
and their pekmez (boiled mulberry juice) samples. International Journal of Food Science and
Nutrition, 60(3), 231-239.

Alasalvar, C., Al-Farsi, M., and Shahidi, F. (2005). Compositional characteristics and antioxidant
components of cherry laurel varieties and pekmez. Journal of Food Science, 70(1), 47-52.

Aliyazicioglu, R., Kara, M., Yildiz, O., Sarikaya, A., Cengiz, S., and Er, F. (2009). Determination of
chemical, physical and biological characteristics of some pekmez (molasses) from Turkey. Asian
Journal of Chemistry, 21, 2215-2223.

Ayaz, F. A., Kadioglu, A., Bertoft, C., Acar, C., and Turna, 1. (2000). Effect of fruit maturation on sugar
and organic acid composition in two blueberries (V. Arctostaphylos and V. Myrtillus) native to
Turkey. New Zealand Journal of Crop and Horticultural Science, 29, 137-141.

Aydinlik, Z. and Battaloglu, R. (2016). Determination of phenolic compound contents in traditionally
producted grape pekmez samples. Asian Journal of Chemistry, 28, 1399-1400.

Blois, M. S. (1958). Antioxidant determinations by the use of a stable free radical. Nature, 181, 1199—
1200.

Demirozii, B., S6kmen, M., Ugak, A., Yilmaz, H. and Giilderen, S. (2002). Variation of copper, iron,
and zinc levels in pekmez products. The Bulletin of Environmental Contamination and Toxicology,
69(3), 330-334.

Dikkaya, Y. R., Baydar, K., Kafkas, E., Comlekcioglu, S. and Kiiden, A. B. (2020). Sugar content of
selected carob fruits. Acta Horticulturae, 1280, 269-274.

Forney, C. F., Kalt, W., Jordan, M. A., Vinqvist-Tymchuk, M. R., and Fillmore, S. A. E. (2012).
Blueberry and cranberry fruit composition during development. Journal of Berry Research, 2,
169-177.

Gecer, M. K., Akin, M., Gundogdu, M., Eyduran, S. P., Ercisli, S., and Eyduran, E. (2016). Organic
acids, sugars, phenolic compounds, and some horticultural characteristics of black and white
mulberry accessions from Eastern Anatolia. Canadian Journal of Plant Science, 96, 27-33.

Giirel, A., Hizal, J., Oztekin, N., Erim, F. B. (2006). CE determination of carbohydrates using a dipeptide
as separation electrolyte. Chromatographia, 64, 321-324.

Haminiuk, C. W. I., Maciel, G. M., Plata-Oviedo, M. S. V., and Peralta, R. M. (2012). Phenolic
compounds in fruits — an overview. International Journal of Food Science, 47(10), 2023-2044.

Kalaycioglu, Z., Kaygusuz, H., Doker, S., Kolayli, S., and Erim, F. B. (2017). Characterization of
Turkish honeybee pollens by principal component analysis based on their individual organic acids,
sugars, minerals, and antioxidant activities. LWT- Food Science and Technology, 84, 402-408.

Karababa, E. and Develi Isikli, N. (2005). Pekmez: a traditional concentrated fruit product. Food
Reviews International, 21(4), 357-366.

Kaya, A. and Belibagli, K. B. (2002). Rheology of solid Gaziantep pekmez. Journal of Food
Engineering, 54(3), 221-226.

Kaygusuz, H., Tezcan, F., Erim, F. B., Yildiz, O., Sahin, H., Can, Z., and Kolayli, S. (2016).
Characterization of Anatolian honeys based on minerals, bioactive components and principal
component analysis. LWT- Food Science and Technology, 68, 273-279.

466



Zeynep KALAYCIOGLU 13(1), 458-467, 2023

Characterization of Pekmez Samples Produced with Different Fruits According to Sugar, Organic Acid,
Antioxidant Activities, and Moisture Contents

Kolayli, S., Kara, M., Tezcan, F., Erim, F. B., Sahin, H., Ulusoy, E., and Aliyazicioglu, R. (2010).
Comparative study of chemical and biochemical properties of different melon cultivars: standard,
hybrid, and grafted melons. Journal of Agricultural and Food Chemistry, 58, 9764-9769.

Legua, P., Melgarejo, P., Martinez, J. J., Martinez, R., and Hernandez, F. (2012). Evaluation of Spanish
pomegranate juices: organic acids, sugars, and anthocyanins. International Journal of Food
Properties, 15, 481-494.

Orak, H. (2009). Determination of glucose and fructose contents of some important red grape varieties
by HPLC. Asian Journal of Chemistry, 21, 3068-3072.

Salik, M. A., Arslaner, A., and Cakmakg1, S. (2021). Determination of some physical, chemical and
antioxidant properties of Erzincan traditional mulberry pekmez (molasses). Turkish Journal of
Agriculture - Food Science and Technology, 9, 181-190.

Sengiil, M., Ertugay, M., and Sengiil, M. (2005). Rheological, physical and chemical characteristics of
mulberry pekmez. Food Control, 16, 73-76.

Sengiil, M., Fatih Ertugay, M., Sengiil M, and Yiiksel Y. (2007). Rheological characteristics of carob
pekmez. International Journal of Food Properties, 10(1), 39-46.

Singleton, V. L. and Rossi, J. A. (1965). Colorimetry of total phenolics with phosphomolybdic-
phosphotungstic acid reagents. American Journal of Enology and Viticulture, 16, 144-158.
Simsek, A. and Artik, N. (2002). Studies of composition of concentrates from different fruit. Gida, 27,

459-467.

Tezcan, F., Giiltekin-Ozgiiven, M., Diken, T., Ozcelik, B., and Erim, F. B. (2009). Antioxidant activity
and total phenolic, organic acid and sugar content in commercial pomegranate juices. Food
Chemistry, 115, 873-877.

Turkben, C., Suna, S., Izli, G., Uylaser, V. and Demir, C. (2016). Physical and chemical properties of
pekmez (molasses) produced with different grape cultivars. Tarim Bilimleri Dergisi, 22, 339-348.

Tirkoglu, N., Balta, M. F., and Cig, A. (2008). Sugar contents of juniper plants. Asian Journal of
Chemistry, 20, 3307-3309.

Anonymous, (2021). The Statistical Institute of the Republic of Turkey, Production quantities of fruits,
beverage and spice plants. http://www.tuik.gov.tr. (Date of access: 21 March 2021).

Yogurtgu, H. and Kamusli, F. (2006). Determination of rheological properties of some pekmez samples
in Turkey. Journal of Food Engineering, 77, 1064

467



