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1 Introduction
During the historical period of Anatolian Seljuks and 

Principalities, syrup made from a wide variety of fruit and 
honey or sugar was the most common beverage and source of 
income (Sahin, 2008). In the period of Mevlana, syrups, jams 
and compotes were very popular. Sirkencubin is one of the 
important drinks of Mevlevi cuisine and helps appetite before 
eating and digestion after dinner. Sirkencubin, made from Persian 
‘sirke’ (vinegar) and ‘encubin’ (honey), is a very popular drink 
made from a mixture of honey and vinegar (Özdengül, 2010; 
Sarıoğlan & Cevizkaya, 2016).

The popularity of fresh or natural beverages has encouraged 
studies about natural processing. Thermal pasteurization is a 
technology used to provide microbial inactivation and to extend 
the shelf life of fruit juices. However, it causes loss of nutritional 
and physicochemical parameters. It was reported in studies 
that quality loss is significant in heat-treated fruit juices such 
as orange, strawberry and watermelon (Chemat  et  al., 2011; 
Rawson et al., 2011). Increased attention to freshness of products 
has supported efforts to develop innovative non-thermal food 
preservation methods. Ultrasound is a potential technology abiding 
by USA Food and Drug Administration (FDA) conditions to 
ensure a 5-log reduction of foodborne pathogens in fruit juices 
(Salleh‑Mack & Roberts, 2007).

In studies using ultrasound treatment on liquid foods, 
important microbial inactivation was reported with promising 
results of minimal effects on the deterioration of quality 
parameters and improved functionality (Chemat et al., 2011). 
Ultrasound treatment of 2 to 6 minutes for carrot-grape juice was 
determined to significantly increase the total phenolic, flavonoid 
and antioxidant activity after 90-day storage (Nadeem et al., 2018). 

Sonication was found to significantly affect the overall quality 
of guava juice (Cheng et al., 2007).

When high-frequency ultrasound is emitted in liquid at 
low frequencies (20 and 100 kHz), cavitation (formation and 
collapse of the bubbles) occurs. These bubbles will collapse in the 
subsequent compression cycles when sound waves are emitted, 
causing high temperature and pressure zones (O’Donnell et al., 
2010). Sonication is simple and reliable, resulting in less processing 
time and improved productivity.

Ultrasound can be used successfully for sirkencubin syrup 
to increase the shelf life, ensure the safety, quality and consumer 
perception without adversely affecting the nutrients. Therefore, 
bioactive compounds (antioxidants, phenolic compounds, 
flavonoids) and physicochemical properties (pH, Brix, titratable 
acidity, total soluble solids, total sugar, HMF and color properties) 
of sirkencubin syrup were evaluated after ultrasound treatment 
(0, 2, 5, 8, 10 and 15 min) to determine the effect on microbiological 
and sensory properties.

2 Materials and methods
2.1 Sirkencubin syrup preparation and ultrasonic processing

Honey (pine honey) and vinegar (apple vinegar) were 
purchased from commercial companies. Due to the high 
bioactive properties of honey, pine honey was preferred (Alpat, 
2018). For the syrup mixture, honey (14 g) + vinegar (6 ml) + 
sterilized water (0.2 liters) was homogenized in an industrial 
mixer. In this study, total 200 mL of freshly prepared syrup was 
processed using a 200 W ultrasonic processor (Model UP200St, 
Germany) at a frequency of 26 kHz. An ice bath was used to 
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control the temperature during the process. The amplitude of 
the ultrasound device was set to 60% and a pulsed ultrasound 
wave was applied to process the syrup. The control sample 
used was fresh sirkencubin syrup (C). As shown in Table 1, the 
processing time and operating conditions were set at 2 minutes 
(US2), 5 minutes (US5), 8 minutes (US8), 10 minutes (US10) and 
15  minutes (US15). The samples were stored in glass bottles at 
a temperature of -18 °C until the tests were carried out. All the 
treatments were carried out in triplicate.

2.2 Microbiological analysis

Serial dilutions of syrup were prepared in peptone water 
solution for the microbial count. Colony forming units (CFU) 
were determined by standard spreading and pouring plate 
methodologies. PCA (Plate Count Agar-Merck) was used for 
total aerobic plate count. Samples were incubated at 30 °C 
for 48  h. For yeast and mold count, PDA (Potato Dextrose 
Agar‑Merck) was used. Samples were incubated at 24 °C for 
3-5 days. Total  Enterobacteriaceaecount was determined in 
VRBG (Violet Red BileGlucose Agar-Merck) incubated at 37 °C 
for 24 h. Results are given as log colony forming units (CFU) 
per milliliter of syrup (Cruz et al., 2007).

2.3 pH, Total soluble solids (Brix) and titratable acidity

Soluble solids were measured using a refractometer 
(ATAGO brand RX-7000α model, Japan), and pH was 
measured using a potentiometer (Hanna Instruments HI 2002 
pH/ORP, Romania). Measurements were made at 20 °C and 
the results were expressed in Brix. The titration acidity was 
potentiometrically determined by titration of the samples 
with 0.1 N NaOH solution to pH 8.1 (turning point). Five ml 
of sample was weighed and 50 ml of distilled water was added 
with 10 ml sample taken from the filtrate. The volume of NaOH 
was converted to g citric acid per 100 mL of syrup (Association 
of Official Analytical Chemists, 1995).

2.4 Color snalysis

Color analysis of the samples was made using the Color Measuring 
Device PCE-CSM 5 (Germany) and liquid container. The color 
values were expressed as L* (whiteness or brightness/darkness), a* 
(redness/greenness) and b* (yellowness/blueness). The total color 
difference (TCD), chroma (C), and hue angle (h) were expressed 
according to the following Equations 1-3 (Ordóñez‑Santos et al., 
2017);

2 2 2 1/2( ) (D ( ) ( )T )C  L  a  ( )b= ∆ + ∆ + ∆  	 (1)

Chroma, 2 2 1/2C a b( )= +  	 (2)

( ) 1 )h hue angle tan a(b /−=  	 (3)

2.5 Total polyphenols, total flavonoids and antioxidant 
activity

The total amount of phenolic material was measured 
spectrophotometrically using the Folin-Ciocalteu method. 
Gallic acid was used as a reference standard and the results were 
expressed as mg gallic acid equivalents per liter of sirkencubin 
syrup (mg GAE/L) (Singleton & Rossi, 1965). The total flavonoid 
content was measured with the aluminum chloride colorimetric 
analysis method. Total flavonoid content was expressed as mg 
catechin equivalents (CE) per liter (Zhishen et al., 1999).

The antioxidant activity was measured by the CUPRAC (Cupric 
Reducing Antioxidant Capacity) test (Apak et al., 2006). Sample 
of 0.1 ml was added to 1 ml of 0.01 M copper chloride (CuCl2), 
1 mL of 7.5 × 10-3 Neocuprin (Sigma Aldrich, Germany), 1 mL of 
1 M ammonium acetate solution and 1 mL of purified water and 
incubated at 20 °C for 1 hour. The absorbance was determined 
with a spectrophotometer (SP-UV/VIS-300SRB, Australia) at 
450 nm. Calculations were made by using the standard calibration 
curve prepared with Trolox (Merck, Germany).

The antioxidant activity of each sample was also estimated 
using DPPH radical scavenging assay with slight modifications 
(Blois, 1958). To a known aliquot (1 mL) of the syrup, 1 mL of 
DPPH (1,1-diphenyl 2-picrylhydrazyl) solution (0.2 mM in 
methanol) was added, followed by incubation in the dark for 
30 min at room temperature (25 ± 1 °C). The absorbance changes 
were determined with a spectrophotometer (SP-UV/VIS-300SRB, 
Australia) at 517 nm. The DPPH radical scavenging activity was 
calculated as (Equation 4):

( ) ( )0 1 0DPPH radical scavenging activity % = A -A /A )x100  	 (4)

where A0 is the absorbance of the control, and A1 is the absorbance 
of the syrup.

2.6 Total sugar and hydroxymethyl furfural (HMF)

The total sugar determination of the samples was carried out 
using the phenol sulfuric acid method. For the preparation of 
the samples used in the analysis; 30 mg of sample was taken and 
5 mL of 2.5 N hydrochloric acid (Merck, Germany) was added 
and stirred. For hydrolysis, this was left for 3 hours in a water 
bath of 95 °C (Wisd ultrasonic water bath, WUC-D06H, Korea) 
and cooled, and 750 µL of 40% NaOH was added. Samples were 
completed to 250 mL with pure water. Glucose (Merck, Germany) 
solutions were used as standard. An amount of 600 µL of the 
prepared sample/standard solutions was taken into the test tubes 
and 600 µL of 5% phenol (Surechem, P1922, UK) solution was 
added. After stirring, 3 mL of concentrated sulfuric acid (Merck, 
Germany) was added and mixed again. The test tubes were kept 
in a water bath at 80 °C for 30 minutes. After cooling, absorbance 

Table 1. Parameters of ultrasound treatment for sirkencubin syrup.

Sample Treatment Time (min) Frequency, amplitude (%) 
and power

200 mL 
sirkencubin 

syrup

US2 2 26 kHz, 60, 80 W
US5 5 26 kHz, 60, 80 W
US8 8 26 kHz, 60, 80 W
US10 10 26 kHz, 60, 80 W
US15 15 26 kHz, 60, 80 W

US2 (sonication for 2 min); US5 (sonication for 5 min); US8 (sonication for 8 min); 
US10 (sonication for 10 min); US15 (sonication for 15 min).
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values were read with a spectrophotometer (SP-UV/VIS-300SRB, 
Australia) at 490 nm wavelength (Nielsen, 2010; Taylor, 1995).

The colorimetric method was used for determination of 
HMF. This method is based on measurement of HMF with 
barbituric acid and p-toluene to form a red-colored compound 
and measuring the resulting color density by the colorimetric 
method. SP-UV/VIS-300SRB spectrophotometer measured at 
550 nm versus water (LeBlanc et al., 2009).

2.7 Sensory analysis

The panelists were asked to evaluate appearance, smell, odor 
intensity, flavor, color, taste, feel in the mouth, clarity and and 
overall acceptability of the sirkencubin syrup samples. A total 
of 10 (5 female, 5 male) panelists evaluated the sirkencubin syrup. 
All samples were randomly coded using three letters (ABE, SDT, 
ENC, PRY, STR & XBZ). Scale scores were excellent, 9; very 
good 8; good, 7; acceptable, 6; and poor (first odorless, tasteless 
development) <6. Acceptance of sub-points was accepted as 6. 
The product was described as unacceptable after initial odor or 
unpleasantness (Petrou et al., 2012).

2.8 Statistical analysis

All values were obtained by triplicate and expressed as mean 
± standard deviation (SD). The significant differences between 
mean values of sirkencubin syrup samples were determined 
by analysis of variance (one way-ANOVA) using Tukey’s HSD 
(Honestly Significant Difference) test at a significance level 
of p < 0.05. Statistical analysis was conducted using SPSS 
22.0 software (SPSS Inc., Chicago, USA). Pearson correlation 
coefficients were determined using OriginPro version 2017 
(OriginLab, Northampton, Massachusetts, USA.).

3 Results and discussion
3.1 Microbiological analysis

In this study, a significant decrease in the microbial count 
was observed in sirkencubin syrup samples after sonication and 
thermal treatment (Table 2). In control sirkencubin syrup, counts 
of Enterobacteriaceae, Total aerobic bacteria, and yeast and mold 
were 1.00 log CFU/mL, 2.24 log CFU/mL and 2.56 log CFU/mL, 
respectively. In comparison with the control sample, total aerobic 
plate count and yeast and mold count amounts were decreased in 
the US2 application. For 5, 8, 10 and 15 minute applications, no 
microbial load was detected in sirkencubin syrup compared to the 
control sample. Ultrasound treatment was reported to be effective 
in minimizing the presence of foodborne pathogens in guava, 
cranberry, grape, pineapple, orange, mango and tomato juices 
(Adekunte et al., 2010; Bermúdez-Aguirre & Barbosa‑Cánovas, 
2012; Cheng et al., 2007; Santhirasegaram et al., 2013; Valero et al., 
2007). Reduction in microbial load can be attributed to combined 
physical and chemical mechanisms that occur during cavitation 
(Abid et al., 2014). General microbiological analysis were found 
to be in compliance with Turkish Food Codex Regulation on 
Microbiological Criteria (Anonymus, 2011).

3.2 pH, Total soluble solids (°Brix) and titratable acidity

The results on the effect of treatments on pH, titratable 
acidity (TA), total soluble solids (TSS), and color attributes in 
sirkencubin syrup are shown in Table 3. In the study, minimal 
decreases in pH (3.81-3.78) and TSS (5.10-4.97) were determined. 
The time period for the ultrasound procedure applied may not 
be sufficient to disrupt the chemical bonds in the molecular 
structures of the nutrients contained in liquid food. It can cause 
minimal changes (Ordóñez-Santos et al., 2017). The minimal 
changes in pH values can be attributed to components such as 

Table 2. Effect of sonication on microbial inactivation analysis in sirkencubin syrup.

Treatment Total Enterobacteriaceae count  
(log CFU/mL)

Total aerobic plate count  
(log CFU/mL)

Yeast and mold count  
(log CFU/mL)

Control 1.00 ± 0.02a 2.24 ± 0.01a 2.56 ± 0.02a

US2 ND 1.00 ± 0.02b <1
US5 ND ND ND
US8 ND ND ND
US10 ND ND ND
US15 ND ND ND

Values followed by different letters within the same column are significantly different (p < 0.05) (n = 3 ± SD). ND, not detected; CFU, colony-forming unit; Control (no treatment); 
US2 (sonication for 2 min); US5 (sonication for 5 min); US8 (sonication for 8 min); US10 (sonication for 10 min); US15 (sonication for 15 min).

Table 3. Effect of sonication on pH, total soluble solids, titratable acidity and color attributes in sirkencubin syrup.

Treatment pH TSS (°Brix) TA (%) L* a* b* C h TCD
Control 3.81 ± 0.01a 5.10 ± 0.00a 0.16 ± 0.00a 34.09 ± 0.35a 12.30 ± 0.31a 13.31 ± 0.28a 18.13 ± 0.42a 47.26 ± 0.12a -

US2 3.80 ± 0.00ab 5.10 ± 0.00a 0.16 ± 0.00a 34.12 ± 0.29a 12.02 ± 0.12a 13.26 ± 0.11a 17.56 ± 0.47ab 47.79 ± 0.22b 0.64 ± 0.32a

US5 3.79 ± 0.01ab 5.06 ± 0.06ab 0.16 ± 0.01a 33.00 ± 0.27b 11.39 ± 0.10b 12.56 ± 0.06ab 16.95 ± 0.10b 47.79 ± 0.12b 1.62 ± 0.74a

US8 3.79 ± 0.00ab 4.97 ± 0.06b 0.16 ± 0.01a 31.64 ± 0.55c 10.70 ± 0.22c 11.75 ± 0.21bc 15.89 ± 0.28c 47.67 ± 0.37b 3.33 ± 0.87b

US10 3.79 ± 0.00ab 4.97 ± 0.06b 0.16 ± 0.01a 31.06 ± 0.21c 10.38 ± 0.13c 11.43 ± 0.21c 15.44 ± 0.23c 47.77 ± 0.25b 4.05 ± 0.42b

US15 3.78 ± 0.01b 4.97 ± 0.06b 0.16 ± 0.01a 30.87 ± 0.14c 10.18 ± 0.28c 11.46 ± 0.86c 15.58 ± 0.41c 49.19 ± 0.16b 4.31 ± 0.44b

Values followed by different letters within the same column are significantly different (p < 0.05) (n = 3 ± SD); Control (no treatment); US2 (sonication for 2 min); US5 (sonication 
for 5 min); US8 (sonication for 8 min); US10 (sonication for 10 min); US15 (sonication for 15 min); TA (titratable acidity); TSS (total soluble solids); TCD (total color difference); 
C (chroma); h (hue angle).
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organic acids and polyphenols in the product (Sharma et al., 
2009). There was no statistically significant change in TA values 
(p > 0.05). Similar results regarding pH, TA and TSS were 
reported for ultrasound-treated strawberry, orange, kasturi 
lime, cranberry, carrot and mango juice (Bhat  et  al., 2011; 
Gomes et al., 2017; Jabbar et al., 2014; Santhirasegaram et al., 
2013; Tiwari et al., 2008b).

3.3 Color analysis

The color of food is one of the most important criteria for the 
general product acceptance by consumers (Tiwari et al., 2009). 
In this study, statistically significant differences were observed 
for all color properties between the control (0 min) and sonicated 
samples (p < 0.05) (Table 3). In the US15 application, L values 
were determined at the lowest levels. This is in parallel with 
studies of orange and guava juices (Cheng et al., 2007; Tiwari et al., 
2008a). Differences in visual color can be classified according 
to the total color difference (TCD). The “less noticeable” color 
change range (0.5 <TCD <1.5) corresponds to a “good-looking” 
color change (3.0 <TCD <6.0) (Cserhalmi et al., 2006). There 
were statistically significant differences in TCD values (p < 0.05). 
Oxidation reactions as a result of interaction with free radicals 
formed during sonication processes (Mason, 1991) and also 
induced by cavitation during sonication contribute to changes 
in the color of the product (Cheng et al., 2007; Tiwari et al., 
2008c). A further explanation of the reduction in color values 
may be related to the increase of phenolic compounds in 

the sonication examples because the vacuole and cell wall 
release phenolic substances after cavitation breaks the cell wall 
(Tomadoni et al., 2017). The L* and a* decreased as the sonication 
parameters increased. This confirms the significant negative 
correlation between L* and total phenolics (r=-0.814) and a* 
and total flavonoids (r=-0.839) (Table 4). However, considering 
consumer behavior (visual appeal), minor color changes caused 
by sonication applied to sirkencubin syrup could not be detected 
with the naked eye. Human eyes cannot perceive these small 
color variations among samples. Therefore, it is suggested that 
the sonication technology can be employed for processing of 
sirkencubin syrup.

3.4 Total phenols and flavonoids content

In Table 5, it can be seen that there was a significant increase 
in total phenols (mg GAE/l) in all the ultrasound-processed 
sirkencubin syrup samples compared to control. The increase in 
the total phenolic content in ultrasound sirkencubin syrup samples 
was US2 = 4.30%, US5 = 7.37%, US8 = 7.39%, US10 = 13.33%, 
and US15= 28.28% respectively, compared to control. A similar 
increase in phenolic compounds was also found in grapefruit, 
carrot, kasturi lime, and Chokanan mango juices after ultrasound 
treatment (Aadil  et  al., 2013; Bhat  et  al., 2011; Jabbar  et  al., 
2014; Santhirasegaram et al., 2013). Phenolic compounds are 
effective in disease prevention and cancer control due to their 
strong antioxidant functions (Dranca & Oroian, 2016). Thus, the 
increase in total phenols after ultrasound treatment is very useful 

Table 5. Effects of sonication on total phenolics, total flavonoids, DPPH, CUPRAC, total sugar and HMF analysis of sirkencubin syrup.

Treatment Total phenolics  
(mg GAE/l)

Total flavonoids  
(mg CE/l)

DPPH  
(% inhibition)

CUPRAC  
(% inhibition)

Total sugar  
(gr/l)

HMF  
(mg/l)

Control 77.43 ± 0.95a 4.36 ± 0.71a 36.57 ± 0.74a 57.32 ± 0.73a 58.68 ± 0.24a 0.83 ± 0.04a

US2 80.76 ± 0.95ab 5.07 ± 0.71bc 39.03 ± 0.98a 57.88 ± 0.76a 58.72 ± 0.02ab 0.87 ± 0.04a

US5 83.14 ± 2.52ab 6.50 ± 0.71bc 41.59 ± 1.41a 59.22 ± 0.84ab 58.78 ± 0.32ab 0.94 ± 0.04a

US8 83.62 ± 0.48ab 7.21 ± 0.71c 43.78 ± 0.92ab 60.02 ± 1.99ab 58.98 ± 0.15ab 1.08 ± 0.07b

US10 87.75 ± 4.50b 7.69 ± 0.41c 45.40 ± 0.74bc 62.39 ± 1.45bc 59.19 ± 0.08ab 1.18 ± 0.02bc

US15 99.33 ± 4.54c 8.40 ± 1.09c 47.76 ± 0.39c 65.08 ± 0.72c 59.27 ± 0.05b 1.26 ± 0.04d

Values followed by different letters within the same column are significantly different (p < 0.05) (n = 3 ± SD); Control (no treatment); US2 (sonication for 2 min); US5 (sonication 
for 5 min); US8 (sonication for 8 min); US10 (sonication for 10 min); US15 (sonication for 15 min); DDPH (radical scavenging activity); CUPRAC (Cupric Reducing Antioxidant 
Capacity); HMF (hidroximetilfurfural).

Table 4. Pearson’s correlation coefficients of phytochemical and color properties of sirkencubin syrup.

Total 
phenolics

Total 
flavonoids DPPH CUPRAC Total 

sugar HMF L* a* b* C h

Total phenolics 1
Total flavonoids 0.867* 1
DPPH 0.904* 0.994* 1
CUPRAC 0.973* 0.926* 0.952* 1
Total sugar 0.807 0.881* 0.885* 0.910* 1
HMF 0.902* 0.965* 0.980* 0.969* 0.949* 1
L* -0.814* -0.969* -0.964* -0.912 -0.957* -0.980* 1
a* -0.839* -0.990* -0.986* -0.921* -0.922* -0.981* 0.992* 1
b* -0.778 -0.968* -0.957* -0.884* -0.938* -0.966* 0.997* 0.992* 1
C -0.772 -0.970* -0.965* -0.872* -0.891* -0.959* 0.982* 0.990* 0.989* 1
h 0.950* 0.713 0.764 0.853* 0.595 0.735 -0.611 -0.658 -0.568 -0.576 1
*- Correlation significant at 0.05 level; DDPH (radical scavenging activity); CUPRAC (Cupric Reducing Antioxidant Capacity); HMF (hidroximetilfurfural); C (chroma); h (hue angle).
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for human health. This increase can be attributed to the release 
of the bound form of the phenolic content due to breakage of the 
cell wall by the cavitation pressure applied during sonication. 
Furthermore, the hydroxyl radicals produced by sonication 
(OH-) may be due to the addition of the phenolic compounds 
to the aromatic ring (Aadil et al., 2013). There was no significant 
correlation between the amount of phenolic substance and 
total sugar content (r = 0.807). However, a positive correlation 
(r = 0.902) was determined with the increase in the amount of 
HMF (Table 4).

Flavonoids are natural polyphenolic compounds found in 
plants with a wide range of chemical and biological activity. 
In epidemiological studies, flavonoids were found to reduce the 
risk of cardiovascular diseases and cancer (Hertog et al., 1992). 
In Table 5, it can be seen that there was a significant increase in 
total flavonoids in all the ultrasound sirkencubin syrup samples 
compared to control.Increases in ultrasound treated samples 
were determined according to the control sample. A significant 
increase in total flavonoids was also observed in ultrasound-treated 
kasturi lime as well as Chokanan mango juice. (Bhat et al., 2011; 
Santhirasegaram et al., 2013). Therefore, with the increase in the 
amounts of phenols and flavonoid after ultrasound application 
to sirkencubin syrup is advantageous for commercial use and 
will also be beneficial for the consumer.

3.5 Total antioxidant capacity

Table 5 shows the results of antioxidant activity using the 
DPPH method. There were no statistically significant differences 
between the control samples and US2 and US5 samples (p> 0.05). 
An increase in the amount of antioxidant was detected as the 
duration of ultrasound increased. The increase in the DPPH 
(%  inhibition) in ultrasound-processed sirkencubin syrup 
samples was US2 = 6.73%, US5 = 13.73%, US8 = 19.72%, 
US10 = 24.15%, and US15= 30.60%, respectively, compared 
to control. Similar results were reported in ultrasound-treated 
purple cactus pear, kasturi lime, grapefruit and corrot-grape 
juices (Aadil et al., 2013; Bhat et al., 2011; Nadeem et al., 2018; 
Zafra-Rojas et al., 2013). The result of cavitation induced by 
sonication can lead to an increase in the amount of phenolic 
compounds (Aadil et al., 2013).

As shown in Table 5, the CUPRAC (% inhibition) of all 
ultrasound-processed sirkencubin syrup showed a significant 
increase compared to the control sample. It can be seen that 
the highest percent CUPRAC inhibition was 35.27% in US15, 
followed by 19.50% in US10, 13.88% in US8, 13.22% in US5 and 
9.98% in US2, respectively, compared to control samples (21.50%). 
When compared to the control sample, statistically significant 
differences were detected between the sonicated sirkencubin syrup 
(p < 0.05). In this study, the increased content of the antioxidant 
capacity of the sonicated sirkencubin syrup may be attributed to 
ultrasonic-induced cavitation. Many studies reported that color, 
total phenols and flavonoids could contribute to the antioxidant 
activity (Baron et al., 2017; Hmid et al., 2017). In this study, the 
obtained results showed that there was a significant negative 
correlation between L *, a *, b * and C values and antioxidant 
activity (CUPRAC and DPPH) of sirkencubin syrup. A significant 

positive correlation was found between phenolic and flavonoid 
substances (Table 4).

3.6 Total sugar and HMF

As shown in Table 5, the total sugar (mg/l) of all ultrasound-
processed sirkencubin syrup showed a significant increase 
compared to the control sample. The increase in the total sugar 
in ultrasound sirkencubin syrup samples was US2 = 0.07%, 
US5 = 0.16%, US8 = 0.51%, US10 = 0.86%, and US15 = 1.00%, 
respectively, compared to control. When compared to the control 
sample, statistically significant differences were found between 
the total sugar (mg/l) amounts of sonicated sirkencubin syrup 
(p < 0.05). Similar results were reported for ultrasound-treated 
cantaloupe melon (Cucumis melo L.) and apple juices (Abid et al., 
2013; Fonteles et al., 2012). The increase in the amount of sugar 
can be explained by the breakdown of cells due to ultrasound 
application which moves sugar from the intracellular cavities 
into the liquid.

In Table 5, it can be seen that there was a significant increase 
in HMF (mg/l) in all the ultrasound-processed sirkencubin 
syrup samples compared to control. The increase in the total 
phenolic content in ultrasound sirkencubin syrup samples was 
US2 = 4.82%, US5 = 13.25%, US8 = 30.12%, US10 = 42.17%, and 
US15= 51.81%, respectively, compared to control. As a result of 
the analysis, HMF findings were found to be below 25 mg/kg 
determined by AINP (European Fruit Juice Association) and 
25  mg/kg determined by IFFJP (International Federation of 
Fruit Juice Producers). The effect of increasing the HMF content 
with the sonication processes is thought to be caused by the 
maillard reaction. A significant positive correlation (r = 0.949) 
was found between the total sugar content and the amount of 
HMF (Table 4).

3.7 Sensory analysis

As shown in Table 6 and Figure 1, there was no statistically 
significant change in ultrasound-treated sirkencubin syrup. 
As for general acceptability, the best result was observed with 
8 minutes of application. In the literature, it was determined that 
the product was generally acceptable in terms of the sensory 
parameters tested after ultrasound treatment applied to cranberry 
juice, apple, carrot-grape and orange juice (Jambrak et al., 2017; 

Figure 1. Sensory analysis values chart for treated sirkencubin syrup.
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Khandpur & Gogate, 2015; Nadeem et al., 2018; Samani et al., 
2015). Studies have shown that cavitation caused by ultrasound 
application contributes to the color and taste of fruit juices. 
The positive effect of the ultrasound process is attributed to 
the removal of oxygen (Samani et al., 2015). In our study, it was 
found that in parallel to the literature sensory properties were 
not affected by the ultrasound process.

4 Conclusion
In this study, it was determined that sonication treatment 

significantly improved the phenolic, flavonoid compounds, color 
values, and total antioxidant capacity (DPPH and CUPRAC) of 
sirkencubin syrup without any significant effect on physicochemical 
parameters (pH, titratable acidity, °Brix). At the same time, HMF 
levels were determined at reliable levels. In addition, sonication 
caused a significant reduction in microbial load. The results 
show that sonication technology can be used successfully for 
reliable and high quality sirkencubin syrup processing increasing 
the value to the consumer’s health. Combining sonication with 
other non-thermal food processing technologies to produce 
improved sirkencubin syrup can provide more possibilities for 
piloting this new technology. Further research work is required 
to develop models such as surface response methodology to 
optimize process variables during sonication processes.
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