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ABSTRACT 

This study examined the physicochemical properties of industrial and traditionally produced pek-
mez samples available on the market and compared them with the Turkish Grape Pekmez Notifi-
cation (2017/8) standards. Significant variability was observed in parameters such as °Brix, pH, ash 
content, HMF concentration, titratable acidity, water activity, and colour. °Brix values ranged from 
69.03% to 80.73%, in consistent with Codex standards. One traditional sample had a pH of 4.76, 
placing classifying it as sour pekmez. Four industrially produced pekmez samples exceeded the 
2.5% ash limit, but HMF concentrations varied widely, with one traditional sample surpassing the 
regulatory limit of 75 mg/kg limit. Titratable acidity ranged from 0.19% to 1.95%, and water activ-
ity values were between 0.59 and 0.74, indicating moderate to low water activity. Colour analysis 
revealed a spectrum from dark to lighter shades, with a shift from greenish to reddish hues, typical 
of grape pekmez. These findings underscore the impact of production methods on pekmez quality 
and variability. 
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Introduction 
Concentrated grape juice or pekmez (a type of molasses) is a 
traditional Turkish food product that has been consumed for 
centuries. The consumption of grape pekmez has been in-
creasing in recent years, making it a significant subject of 
study for the food industry due to its health benefits. Pekmez 
is rich in essential nutrients, including calcium, iron, potas-
sium, and magnesium, which meet daily requirements for 
these minerals (Kalaycıoğlu, 2023). Additionally, grape pek-
mez exhibits antioxidant properties, with high levels of phe-
nolic compounds and vigorous DPPH scavenging activity 
(Kalili et al., 2023). Furthermore, grape pekmez consumption 
has been linked to improved metabolic profiles, including en-
hanced glucose tolerance, insulin sensitivity, and reduced ec-
topic fat deposition (Narkabulova & Jabborov, 2023). Grape 
pekmez can be a valuable addition to the diet, offering nutri-
tional benefits and potential health improvements. The qual-
ity parameters of pekmez products sold in the market encom-
pass various aspects. These include the determination of 
physical and chemical properties such as water-soluble dry 
matter content, pH level, titratable acidity, density, ash con-
tent, phenolic compounds, antioxidant activity, total phenol-
ics, mineral contents, and 5-hydroxymethyl furfural (HMF) 
levels (Yavuz-Küçük & Duraklı-Velioğlu, 2022; Salık et al., 
2021; Gamlı, 2022; Basaran et al., 2021). Additionally, as-
sessing parameters like glucose, fructose, protein, colour, and 
acrylamide levels is crucial for evaluating the overall quality 
of pekmez. These analyses provide insights into the nutri-
tional values, antioxidant properties, and compliance with the 
Turkish Food Codex, contributing to the promotion and ap-
preciation of traditional pekmez varieties in the market. Un-
derstanding the conformity of commercial grape pekmez 
products to the Turkish Food Codex Grape Pekmez Official 
Notification is important for ensuring the safety and quality 
of this food product. 

This study aims to determine the characteristics of pekmez 
and investigate their conformity to the Turkish Grape Pekmez 
Official Notification. Furthermore, it investigates important 
quality parameters such as titratable acidity, colour, and water 
activity that are not currently specified in the notification. Ad-
ditionally, the quality parameters of two different types of tra-
ditionally produced liquid pekmez have been compared with 
those of commercial types. 

Materials and Methods 
Material 

Ten different brands of industrially produced liquid molasses 
were purchased from well-known national supermarkets (Ga-
ziantep, Türkiye). Two traditionally produced molasses were 
obtained from a local bazaar (Gaziantep, Türkiye). All the 
samples used in this study were produced during the 2023 
season. Industrially produced samples were coded I1–I10, 
whereas traditional samples were coded T1 and T2. Chemi-
cals used in this study were of analytical grade (Sigma-Al-
drich, Merck, and ISOLAB, Germany). 

Methods 

Determination of Total Soluble Dry Matter (°Brix), pH and 
Titratable Acidity 

°Brix values of pekmez samples were determined by an Abbe 
refractometer (A. Kruss optronic, Germany).  5 grams of pek-
mez samples were diluted in 50 mL of distilled water, and pH 
values were measured with a pH meter (Hanna HI 2211, It-
aly) at 20°C (AOAC, 2000). The potentiometric method was 
used for the determination of titratable acidity. In this 
method, the pH was adjusted to 8.1 using 0.1 N NaOH and a 
pH meter, and the acidity was expressed as a percentage of 
tartaric acid. The calculation followed the formula given be-
low. 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 (%) =  𝑉𝑉x𝑁𝑁x𝐸𝐸x100 𝑚𝑚⁄  (1) 

V: Volume of NaOH used (mL) 

N: Normality of NaOH 

E: The equivalent acid amount of 1 mL 0.1 N NaOH (for tar-
taric acid as 0.007505 g) 

m: Sample weight (g) 

Determination of Ash Content 

The ash content in the samples was determined using the 
method specified by AOAC (2000). Firstly, the crucibles 
were weighed constantly (m1). Approximately 2 g of the sam-
ple was weighed (m2) into the crucible, and after that, pre-
burning, it was burned in a muffle furnace at 550°C until 
white ash was obtained. After that, the samples cooled in the 
desiccator were weighed on a precision scale, and their ash 
content (m3) was calculated using Equation 1. 

 𝐴𝐴𝐴𝐴ℎ 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 (%) = (𝑚𝑚3 −𝑚𝑚1 𝑚𝑚2 ) x 100⁄  (2)
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Hydroxymethyl Furfural Content (HMF) 

The HMF content in pekmez samples was quantified using 
the Winkler method (Zappala et al., 2005). Approximately 10 
g of pekmez was dissolved in 20 mL of water and transferred 
to a 50 mL volumetric flask. Four separate test tubes were 
prepared, with 2 mL of the solution and 5 mL of p-toluidine 
solution added to three tubes. In one test tube, 1 mL of dis-
tilled water (blank) was introduced, while in the others, 1 mL 
of 0.5% barbituric acid solution (sample) was added. The ab-
sorbance of the solutions was measured at 550 nm using a 
spectrophotometer (T60, PG Instrument, Italy). The HMF 
concentrations were subsequently calculated using the fol-
lowing formula: 

HMF (mg kg-1) = Absorbance x 192                                   (3) 

Determination of Water Activity and Colour Measurements 

The water activity (aw) of the samples was measured using a 
Rotronic AG HygroPalm HP23 (Rotronic AG, Switzerland), 
which was calibrated with various salt solutions at 25 °C prior 
to use. Colour measurements were performed using a Hun-
terLab Colorflex EZ colourimeter with standard illumination 
D65, and a colourimetric normal observer angle of 10°. Col-
our values were evaluated as L*, a* and b*.  

Statistical Analysis 

All experiments were performed in triplicate, and the results 
are presented as the mean ± standard deviation. The data were 
analysed using the SPSS 22 statistical software (SPSS Inc., 
Chicago, IL, USA), with Duncan's multiple comparison test. 

Results and Discussion  
The Evaluation of Some Parameters Provided in the  
Codex 

Brix, pH, ash content and HMF values were presented in Ta-
ble 1. High Brix values indicate a higher concentration of 
sugars and other soluble solids, which can affect the taste, 
texture, and shelf life of pekmez. These values are essential 
for standardising pekmez quality, ensuring consumer satis-
faction, and meeting regulatory requirements. Consistent 
Brix values are crucial for maintaining product quality and 
consumer expectations, as they directly influence sweetness 
and viscosity (Narkabulova & Jabborov, 2023). Although 
high °Brix values are typically favourable in pekmez, they 
may also lead to issues such as overly intense sweetness for 
some consumers and health concerns due to elevated sugar 
content. Additionally, variations in °Brix values due to dif-
ferent fruit sources or processing methods may complicate 

standardisation efforts, necessitating careful regulation and 
quality control measures to ensure product consistency and 
safety across the market. According to the Turkish Pekmez 
Notification (2017/8), the minimum soluble dry matter con-
tent of liquid molasses should be at least 68%. °Brix values 
observed in the industrial pekmez samples ranged from 
69.03% to 73.92% and traditional samples were found to be 
73.83% and 80.73%. These results indicated that all samples 
were found in accordance with the Codex. The same findings, 
ranging from 66.16% to 80.57% were observed in previous 
research (Türkben et al., 2016; Narkabulova & Jabborov, 
2023).  

The optimal pH range for nutritional retention in pekmez is 
crucial for maintaining its quality and health benefits. In this 
study, the pH values of pekmez samples ranged from 4.76 to 
6.42, indicating a slightly acidic to nearly neutral character. 
According to the Turkish Pekmez Notification (2017/8), the 
pH value should generally fall within the range of 5.0 to 6.0 
for sweet-type pekmez. Consequently, the pH values obser-
ved in some samples were marginally higher than the recom-
mended range, particularly those approaching a pH of 6. On 
the other hand, only one traditional sample was classified as 
sour, with a value of 4.76, according to the Pekmez Codex. 
The pH values reported in this study exhibited both similari-
ties and differences compared to those in previous studies 
(Türkben et al., 2016; Karataş & Şengül, 2018; Aktaş, 2024). 
Although the elevated pH values are not detrimental, they 
may indicate reduced acidity, which could influence the 
preservation and organoleptic properties of pekmez. Dimin-
ished acidity may also attenuate the natural preservative ef-
fect, as the acidic environment typically inhibits microbial 
proliferation and extends shelf life. Therefore maintaining pH 
within the recommended range is advisable to ensure optimal 
product quality.  

The ash content of pekmez samples ranged from 0.17% to 
3.15%, reflecting the inorganic composition of the pekmez. 
Ash content in pekmez is primarily influenced by the mineral 
composition of the raw fruit and any residual minerals re-
maining from the concentration process. Elevated ash content 
may be associated with increased mineral richness, contrib-
uting to the nutritional value of pekmez, as it contains essen-
tial minerals such as potassium, calcium, and magnesium. 
However, excessively high ash content may be indicative of 
impurities or suboptimal raw materials used in production, 
which necessitates careful monitoring during the processing 
stage. According to the Turkish Pekmez Notification 
(2017/8), the ash content of pekmez should generally not ex-
ceed 2.5%. This study's findings suggested that the ash con-
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tent of the analysed samples was within acceptable ranges ex-
cept for four industrial pekmez samples. According to Kaya 
et al. (2012), the analysis of grape pekmez revealed a total 
ash content ranging from 0.61% to 3.69%. Salameh et al 
(2024) reported that the average ash content of the grape mo-
lasses mixture was 4.44%. They emphasised that higher ash 
content in samples was related to the clarification process.   

HMF is a byproduct formed during the thermal processing 
and serves as an indicator of thermal degradation. The Turk-
ish Pekmez Notification (2017/8) stipulates a maximum 
HMF content of 75 mg kg-1 for pekmez, and values exceeding 
this threshold suggest that the pekmez may have been sub-
jected to excessive thermal treatment during production. The 
quantification of HMF in the pekmez samples revealed a 
spectrum ranging from 1.86 mg/kg to 136.36 mg/kg, reflect-
ing notable diversity among the samples. The observed HMF 
values in this study indicated that one of the traditional sam-
ples surpassed this limit, potentially reflecting process condi-
tions. HMF concentrations in pekmez can vary significantly, 
with reported levels ranging from 7.8 to 204.0 mg kg-1 
(Elmastaş et al., 2022). In contrast, some studies suggest that 
certain pekmez types, such as carob pekmez, maintain lower 
HMF levels despite their high sugar content, indicating that 
formulation and processing methods can mitigate safety con-
cerns (Tetik et al., 2010). This highlights the importance of 
both ingredient selection and production techniques in ensur-
ing the quality and safety of pekmez. 

The Evaluation of Titratable Acidity, Water Activity and 
Colour Properties 

Specific properties of pekmez, which are outside the scope of 
the Codex, were presented in Table 2. The titratable acidity 
values of the samples, ranging from 0.19% to 1.95%, indi-
cated noticeable variation in the acidity of the samples. Pek-
mez samples with lower acidity could indicate a smoother, 
sweeter taste. This might be more characteristic of pekmez 
made from fruits with naturally lower acid content. The lower 
acidity may also suggest minimal fermentation or a more con-
trolled production process. Higher acidity could be a result of 
natural variations in fruit ripeness, storage, or fermentation, 
which may contribute to an increase in organic acids such as 
citric or tartaric acid.  Türkben et al. (2016) reported that 
grape pekmez samples had acidity values ranging from 0.3% 
to 1.81%. The 1.95% acidity observed in this study was 
slightly above the standard range typically seen in grape pek-
mez studies, which usually range from 0.3% to 1.81%. It was 
suggested that the pekmez sample, produced using the tradi-
tional method, may have undergone more fermentation, been 
made from grapes with higher natural acidity, or been sub-
jected to extended boiling or overripe fruit.  

The water activity (aw) values in pekmez samples ranging 
from 0.59 to 0.74, indicated a relatively moderate to low  aw 
within this range. These results suggested that the samples 
exhibited good microbial stability, as they fell below the 
threshold that typically allows significant microbial growth 
(typically aw greater than 0.85). A study on grape pekmez 
found that aw values typically range from 0.55 to 0.78 (Sala-
meh et al., 2020), which is consisted with the findings of this. 

Table 1. Brix, pH, ash and HMF contents in pekmez samples 

Samples Brix (%) pH Ash content (%) HMF (mg kg-1) 
 

I1 72.77±0.19a 5.56±0.01a 1.99±0.01a 28.45±1.71a 
I2 71.00±0.01b 5.67±0.01b 2.74±0.02b 12.74±0.75b 
I3 70.93±0.05b 5.57±0.00a 3.15±0.06c 10.46±2.02b 

I4 73.92±0.09c 6.12±0.01c 2.24±0.04d 5.20±0.85c 

I5 70.33±0.08b 6.05±0.02c 1.69±0.03e 1.86±0.33d 

I6 70.43±0.05b 6.42±0.00d 1.28±0.01f 17.57±1.66e 
I7 70.53±0.04b 5.85±0.01e 2.79±0.05b 24.54±1.21f 
I8 72.93±0.07c 5.43±0.09e 2.35±0.06d 25.48±1.15f 
I9 69.03±0.12d 5.48±0.01e 2.70±0.01b 29.05±0.55a 

I10 71.83±0.4b 5.65±0.01e 1.20±0.01f 28.20±1.62a 
T1 73.83±0.24c 5.34±0.02e 1.65±0.02e 43.22±0.75g 
T2 80.73±0.17e 4.76±0.04f 0.17±0.02g 136.36±1.45h 

Different letters (a. b., etc.) in each column indicate statistical difference (p <0.05). Data are means of triplicate.  
±: Standard Deviation (n=3). 
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Table 2. Titratable acidity, water activity and colour properties in pekmez samples 

Samples Titratable acidity (%) Water activity L*                        a*                          b* 
I1 1.48±0.05a 0.70±0.01a 2.23±0.14a -0.15±0.09a 2.14±0.01a 

I2 1.02±0.02b 0.73±0.01b 3.49±0.06b 2.23±0.27b 4.66±0.17b 
I3 1.04±0.03b 0.72±0.00b 5.68±0.36c 5.75±0.18c 7.11±0.15c 
I4 0.42±0.01c 0.68±0.01c 1.68±0.08d -0.41±0.05d 1.73±0.10d 

I5 0.74±0.04d 0.72±0.02b 6.46±0.43e 3.33±0.21e 7.15±0.39c 

I6 0.19±0.01e 0.68±0.00c 1.97±0.09d -0.52±0.05f 2.14±0.19a 

I7 1.21±0.03f 0,72±0.01b 2.26±0.11a -0.42±0.10d 1.98±0.08e 

I8 1.16±0.05f 0.69±0.09c 1.77±0.08f -0.50±0.05f 1.86±0.16d 

I9 1.39±0.08a 0.74±0.01b 3.65±0.14b 2.14±0.04b 4.52±0.14b 

I10 1.06±0.02b 0.73±0.01b 1.93±0.17d -0.48±0.14d 1.69±1.62d 

T1 1.63±0.01a 0.65±0.02c 1.91±0.15d -0.06±0.02e 2.49±0.08f 
T2 1.95±0.07g 0.59±0.04d 1.48±0.08g -0.16±0.05g 2.11±0.01a 
Different letters (a. b., etc.) in each column indicate statistical difference (p <0.05). Data are means of triplicate.  

±: Standard Deviation (n=3). 
 

Since grape molasses is typically dark in colour and ranges 
from red to brown tones, a low L* value, positive a* value, 
and positive b* value are generally expected. However, fac-
tors such as the production method, grape variety, and degree 
of ripeness can influence these values. L* values observed in 
this study ranged from 1.48 to 6.46, indicating colour varia-
tion from very dark to slightly lighter shades. These values 
reflect the typical deep brown to reddish-brown colour ex-
pected in grape molasses, resulting from sugar concentration 
and caramelisation during production. Similar findings have 
been reported in studies of other types of pekmez. For exam-
ple, Yıldız et al. (2020) found that grape pekmez typically has 
lower L* values, ranging from 2.5 to 6. Toker et al. (2013) 
also noted a lower L* value of 1.41 in grape pekmez, which 
aligns with the colour characteristics observed in this study. 
Other studies on fruit molasses also show higher colour pro-
files, where L* values were generally above 10 (Bilgiçli & 
Akbulut, 2009; Aktaş, 2024). The a∗ values were found to 
range from −0.06 to 5.75 for grape molasses, indicating a 
slightly greenish to strongly reddish colour spectrum, which 
is typical for this product. When compared to other studies, 
the a* values for a few samples were in line with expectations 
for grape molasses, which often ranges from 1 to 5. Studies 
on grape molasses typically report a reddish-brown colour 
with moderate red (positive a∗) values; mostly negative a* 
values were determined in this study. However, negative a* 
values were reported in the literature (Aktaş, 2024). The 
greenish end of the spectrum could be due to small amounts 
of chlorophyll. At the same time, the reddish tones are likely 
attributable to anthocyanins and the caramelisation of sugars 
during the boiling process. The range of b∗ values from 1.69 

to 7.15 suggested that the grape molasses exhibited a moder-
ate yellowish colour, with a slight increase in the intensity of 
yellow as the b∗ values increased. This is typical for molasses 
made from grapes, where the colour ranges from golden to 
amber depending on the processing conditions, grape variety, 
and concentration levels. When compared with other studies, 
findings in this study align well with the typical colour pro-
files of grape molasses, which generally fall in the 1 to 5 
range for b∗ values (Aktaş, 2024). The yellowish tones in mo-
lasses are not overly intense, which may suggest that it is not 
excessively caramelised or concentrated. However, it retains 
some of the natural yellowish hues from the grapes. 

Conclusion 
In this study, the analysis of both industrial and traditional 
pekmez samples demonstrated considerable variability in 
their physicochemical properties. These findings were care-
fully compared with the standards outlined in the Turkish 
Pekmez Codex (2017), highlighting discrepancies and varia-
tions across the samples. The °Brix values ranged from 
69.03% to 80.73%, which are in accordance with the stand-
ards outlined in the Turkish Pekmez Codex. It was observed 
that one of the traditional samples (T2), with a pH of 4.76, 
falls within the sour pekmez group. It was determined that the 
pH values of the other samples were within the limits speci-
fied in the Codex. As a result of the ash analysis, it was de-
termined that four industrially produced pekmez samples ex-
ceeded the limits. Notably, HMF concentration varied 
widely, ranging from 1.86 mg/kg to 136.36 mg/kg. It was 
found that the traditional pekmez sample, T2, exceeded the 
limit value of 75 ppm, characterised by a very high HMF con-
centration. Furthermore, the titratable acidity values (0.19% 
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to 1.95%) illustrated notable variation in the acidity levels. 
Water activity values ranging from 0.59 to 0.74 suggested 
that pekmez samples possess moderate to low water activity. 
The colour analysis, as indicated by L*, a*, and b* values, 
revealed a broad spectrum from very dark to slightly lighter 
shades, with a suitable shift from greenish to reddish hues, 
typical of grape pekmez. Additionally, the moderate yellow-
ish hue observed, indicated by the b* values, further under-
scores the characteristic colour range of pekmez. These find-
ings provide valuable insights into the quality and variability 
of pekmez, highlighting factors such as the production 
method, raw material composition, and processing conditions 
that contribute to the observed differences in physicochemi-
cal properties. Such data are crucial for understanding the 
product’s overall quality, stability, and sensory attributes. 
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