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Abstract

Objective: This research was conducted to reveal
the nutritional profile of traditional Bagbasi (Haho)
mulberry pekmez (molasses).

Material and Method: In this study, some physical
and chemical properties of mulberry pekmez
produced in the Bagbasi (Haho) region were
investigated. In this context, parameters such
as mineral content, pH value, total ash content,
hydroxymethylfurfural (HMF) level and the water-
soluble dry matter (WSDM) ratio of the product were

analyzed.

Results: In mulberry pekmez, the water-soluble
dry matter (WSDM) content was determined to be
76.5%, the total ash content 2.02% and the pH value
4.71. The hydroxymethylfurfural (HMF) content was
found to be 30.00 mg/kg, indicating that the product
can be classified as Type 1 molasses according to
the criteria specified in the TSE 12001 standard. As a
result of the mineral profile analysis of the pekmez
sample, the concentrations of Fe, Zn, Mg, K, Ca, P
and Se were determined as 7.52 mg/kg, 542 mg/kg,
166.90 mg/kg, 2497.44 mg/kg, 52.13 mg/kg, 199.50 mg/
kg and 0.01 mg/kg, respectively. This mineral profile
demonstrates that Bagbasi (Haho) mulberry pekmez
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is a highly nutritious food capable of contributing to
the daily intake of essential minerals.

Conclusion: The low hydroxymethylfurfural (HMF)
content determined in traditional Bagbasi (Haho)
mulberry pekmez indicates that the product was
processed under appropriate production conditions
and represents a favorable quality characteristic. On
the other hand, the iron (Fe) content may contribute to
dietary iron intake, particularly in populations where
iron deficiency is prevalent. Furthermore, the findings
obtained in this study may further enhance the
potential for the traditional Bagbas1 (Haho) mulberry
pekmez to be commercialized as a functional food, in
conjunction with the future development of controlled
production techniques and a more comprehensive
evaluation of its biological effects.

Ozet

Amag: Bu arastirma, geleneksel Bagbas: (Haho) dut
pekmezinin besin profilini ortaya ¢ikarmak amaciyla
yapilmistir.

Gere¢ ve Yontem: Arastirmada, Bagbasi (Haho)
yoresine ait dut pekmezinin bazi fiziksel ve kimyasal
Ozellikleri incelenmistir. Bu kapsamda, iiriiniin
mineral madde igerigi, pH degeri, toplam kiil miktar1,
hidroksimetilfurfural (HMF) diizeyi ve suda ¢oziiniir
kuru madde (SCKM) oram1 gibi parametreler analiz
edilmistir.

Bulgular: Dut pekmezinde suda ¢dziiniir kuru madde
(SCKM) %76,5, toplam kiil %2,02 ve pH degeri 4,71
olarak belirlenmistir. Hidroksimetilfurfural (HMF)
icerigi ise 30,00 mg/kg olarak tespit edilmis olup,
bu deger TSE 12001 standardinda belirtilen kriterler
dogrultusunda tiriintin Tip 1 pekmez sinifinda
degerlendirilebilecegini  gostermektedir. Pekmez
orneginin mineral profiline iliskin analizler sonucunda
Fe (7,52 mg/kg), Zn (5,42 mg/kg), Mg (166,90 mg/kg),
K (2497,44 mg/kg), Ca (52,13 mg/kg), P (199,50 mg/
kg) ve Se (0,01 mg/kg) diizeylerinde belirlenmistir.
Elde edilen bu mineral profili, Bagbas1 (Haho) dut
pekmezinin giinliik temel mineral gereksinimlerinin
karsilanmasina katki saglayabilecek besleyici degeri

yiiksek bir gida oldugunu ortaya koymaktadir.

Sonug: Geleneksel Bagbasi (Haho) dut pekmezinde
hidroksimetilfurfural ~(HMF) igeriginin  disiik
diizeyde belirlenmis olmasi, iiriiniin uygun iiretim
kosullar1 altinda islendigine ve kalite agisindan olumlu
bir 6zellik tasidigina isaret etmektedir. Ote yandan
demir (Fe) igerigi, 6zellikle demir eksikliginin yaygin
oldugu toplumlarda diyetle alinan demir alimina
katkida bulunabilir. Ayrica, bu arastirmada elde
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edilen bulgular ileride kontrollii {iretim tekniklerinin
gelistirilmesi ve biyolojik etkilerinin daha kapsaml
calismalarla degerlendirilmesiyle birlikte, geleneksel
Bagbast (Haho) dut pekmezinin fonksiyonel gida

olarak ticarilestirilme potansiyelini daha da artirabilir.

Introduction

Pekmez (molasses) is a traditional food wide-
ly consumed in Tiirkiye and is typically pro-
duced from sugar-rich fruits such as mulberries,
grapes, apples and plums. With a long historical
background, it is obtained by processing fresh,
highly perishable fruits using traditional meth-
ods to extend their shelf life (1). Pekmez is com-
monly consumed at breakfast either alone or in
combination with tahini and is also used in the
preparation of various local dishes. Due to its
high levels of simple sugars, essential minerals
and naturally occurring organic acids, pekmez
is considered a nutritionally valuable food prod-
uct and an important source of readily available
energy (2, 3). During the Ottoman period, it was
also used as a medicinal remedy in the famous
Spice Bazaar (Misir Carsist) for the treatment of
ailments such as sore throat, the common cold
and chest congestion, often in combination with
red hot pepper (4).

Pekmez is characterized by its high proportion
of readily absorbable monosaccharides, main-
ly glucose and fructose, which provide a rapid
source of energy. This feature makes it partic-
ularly important for infants, children, athletes
and individuals requiring immediate energy (5).
With increasing awareness of the role of nutrition
in maintaining a healthy life, interest in antioxi-
dant-rich foods has grown in recent years (6) and
pekmez is recognized as one of these functional
foods. Approximately 100% of the total sugar in
grape molasses and about 80% in other molasses
varieties are composed of monosaccharides, en-
abling rapid absorption without digestive break-
down (7). Glucose, the primary energy source in
human metabolism, plays a critical role in both
physical and cognitive functions; the brain alone
derives approximately 20-25% of its energy from
glucose (8). Insufficient glucose intake may re-
sult in serious health problems such as impaired
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cognitive performance, dizziness, seizures and
coma (9). Therefore, pekmez has an important
nutritional role, especially for infants, children
and athletes with high energy demands.

In recent years, mulberry pekmez has gained in-
creasing popularity due to its recognized health
benefits. Mulberry cultivation is widespread in
Tiirkiye, particularly in the Eastern and Cen-
tral Anatolia regions (10). Pekmez is produced
by both industrial and traditional methods and
in rural areas it is generally manufactured as a
family-based activity (1). Mulberry pekmez is
obtained by concentrating the must of freshly
harvested or dried mulberries, free from foreign
materials, in open copper or aluminum boilers or
under vacuum until a characteristic consistency
isachieved (11). Among mulberry species (white,
red and black), white mulberries are most pre-
ferred for pekmez production. In Tiirkiye, mul-
berries are consumed both fresh and dried and
are also processed into various traditional prod-
ucts such as pekmez, pestil, kome, vinegar and
alcoholic beverages (12).

Although traditional Bagbasi (Haho) mulberry
pekmez is an important functional food pro-
duced using local production techniques and
consumed by the local population for many
years, there is no scientific data in the literature
regarding its nutritional profile. Existing studies
have generally focused on various types of mo-
lasses produced from mulberry species belong-
ing to different regions. However, it is thought
that the traditional mulberry pekmez produced
in the Bagbasi (Haho) region may differ in terms
of its unique production process, raw materi-
al characteristics and mineral content. In this
context, the main objective of this study is to
determine the mineral composition (Mg, P, K,
Ca, Fe, Zn and Se) and selected physicochemical
properties (pH, ash, hydroxymethylfurfural and
water-soluble dry matter) of traditionally pro-
duced Bagbagi1 (Haho) mulberry pekmez and to
provide scientific evidence for its potential nutri-
tional and functional value.

Material and Method

Pekmez (Molasses) Sample

In this study, a pekmez sample produced in July
2022 was used. The sample was obtained in Sep-
tember 2022 from Bagbasi (Haho), a district of
Tortum in Erzurum province. Bagbasi (Haho) is
located at an altitude of 1,378 meters (Figure 1)

Figure 1. Bagbasi (Haho) mulberry pekmez

Source: Author’s personal archive

This study aims to provide a preliminary evalu-
ation of the physical and chemical properties of
mulberry pekmez specific to the Bagbas1 (Haho)
region. For this purpose, an in-depth characteri-
zation was conducted on a single sample in or-
der to test the production process and analytical
methods. Traditional pekmez production in the
Bagbas1 (Haho) region is generally small-scale,
and products are obtained in limited quantities.
The sample used in this study was selected as a
“representative example” because it reflects the
typical production method commonly employed
in the region. Additionally, since this research
was carried out within the scope of a time- and
budget-restricted project (TUBITAK 2204-B), the
analyses were conducted on a single sample in
alignment with the project’s constraints. Never-
theless, it is acknowledged that analyses based
on a single sample pose limitations in terms of
statistical representativeness and generalizabil-
ity. Therefore, future studies are recommended
to include multiple samples obtained from dif-
ferent producers and production batches to en-
able more comprehensive evaluations.
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Traditional Production Process of Bagbasi
(Haho) Mulberry Pekmez

In the Bagbas1 (Haho) region of the Tortum dis-
trict, Erzurum province, only white mulberries
are used in the production of pekmez. The har-
vested mulberries are first cleaned to remove
leaves, wood pieces and insects. They are then
placed into a boiling cauldron, and water is add-
ed at a ratio of 1/2 to 1/4. The mixture is thor-
oughly stirred to ensure that the fruit blends ho-
mogeneously with the water and is then boiled.
Once the mulberries in the cauldron begin to

boil, the process is continued for an additional

one hour, during which the mixture is continu-
ously stirred. After boiling, the mash is cooled
to 40-50 °C and then transferred to a pressing
system to obtain the juice (pekmez extract). In
the pressing system, the mash is pressed, and
the juice is separated from the pulp. The juice
obtained is filtered through a fine cheesecloth or
plastic strainer and then transferred back to the
boiling cauldron. During the subsequent boiling
process, the concentrate is stirred, and the foam
formed on the surface is removed. Boiling con-
tinues until the concentrate reaches the desired

consistency (Figure 2).

Figure 2. The concentrate, on which foam begins to form on the surface (a), the concentrate that begins to
thicken (b)

Source: Author’s personal archive

Once the mulberry juice reaches the desired con-
sistency, the boiling cauldron (copper vessel)
is removed from the stove, and the pekmez is
stirred while cooling. It is then left to rest for ap-
proximately 10-15 minutes. The pulp remaining
after the pressing process is dried and used as
animal feed (1).

Microwave Digestion Process

The microwave digestion procedure was per-
formed using the “Honey” method integrated
into the Milestone Connect Ethos UP microwave
digestion system. A 0.3867 g portion of the pek-
mez sample was weighed into a Teflon vessel,
after which 9 mL of HNO; (65%) and 1 mL of

H>0; (30%) were added. The vessel was sealed to
create a closed system and placed into the micro-
wave unit. Digestion was carried out at 200 °C for
15 minutes at T1 and 200 °C for 15 minutes at T2
under a system power of 1800 W. Upon comple-
tion of the digestion, the sample was diluted to
15 mL with ultrapure water. A blank sample pre-
pared with the same acid mixture was subjected
toidentical digestion and dilution steps. Both the
sample and the blank were further diluted in 2%
HNO:; according to the specified dilution factors
and subsequently analyzed using ICP-MS. Each
analytical measurement represents the average
of three parallel readings.

Sample Weight (g)

Stock Volume (mL)

Dilution Factor

0.3867

10-fold
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Elemental Analysis

Element concentrations in the prepared solutions
were quantified using an inductively coupled
plasma mass spectrometer (ICP-MS, Agilent
7800 Series; Agilent Technologies, Japan). The
ICP-MS instrument is equipped with a glass
MicroMist nebulizer (U-series, Australia) and
a quartz double-pass spray chamber (USA) for
the introduction of samples into the system.
The plasma interface consists of an inert sample
introduction kit featuring a 2.5-mm quartz
torch (Japan), along with a nickel sample cone
and X-lens—compatible nickel skimmer cone
(USA). Prior to the determination of elemental
concentrations, all quartz and nickel components
were cleaned in accordance with the standard
procedure. Before initiating the analysis,
the instrument was purged with helium gas
for 45 minutes. After setting the instrument
parameters, including the plasma gas flow rate
(15 L/min), auxiliary gas (1 L/min), carrier gas (1
L/min), makeup/dilution gas (1 L/min), and the
carrier gas pressure (1.45 kPa), the system was
activated for operation. Following the activation
of the instrument, the torch axis, resolution axis,
EM, standard lenses tune, plasma correction,
full spectrum and performance report tests
were sequentially performed. Subsequently, the
calibration of the instrument was carried out
using a tuning solution containing 1 ug/L of Co,
Ce, Mg, Li, Tl and Y. The values obtained from
the tuning process were examined to determine
whether any deviations were present in the
instrument. The standard solutions prepared
from the stock solutions were analyzed, and the
accuracy and suitability of the calibration curves
were verified. Following the verification of the
calibration curves, the samples were introduced
into the instrument via the autosampler, and the
analytical measurements were performed. The
autosampler and tubing system were cleaned
using 2% HNOs and ultrapure water, while the
probe section was rinsed with a 1% HCl solution,
ensuring that the system was adequately
prepared for the subsequent injection. The
measurements were carried out under conditions
of 1200 W RF power, a carrier gas flow rate of 1
L/min, and a nebulizer pump speed of 0.30 rps.
Argon was used as the carrier gas throughout

the analyses.

Calculation of Measurements

The “MassHunter 4.4 Workstation Software 7800
ICP-MS Top C.01.04” software was used for the
calculation of the measurements.

Dilution factor = (final weight or volume / sam-
ple weight or volume) x dilution coefficient.

Elemental concentrations are automatically cal-
culated by the system according to the formula
given above and expressed in ppb. To obtain the
values in ppm, all results are divided by 1000
(13).

pH Determination

The pH measurement was conducted using a
WTW inoLab pH 7110 benchtop pH meter in
accordance with the potentiometric method re-
ported by Cemeroglu (14). Prior to analysis, the
instrument was calibrated at three points using
pH 4.00, pH 7.00 and pH 10.00 buffer solutions.
The electrode was rinsed with deionized water
before each measurement, and the AutoRead
function was employed to ensure that a stable
reading was obtained. The pH value of the pek-
mez sample was measured directly after thor-
ough homogenization and determined in qua-
druplicate.

Determination of Total Ash Content

Ash content is an important quality parameter
that reflects the total salt and mineral content of
food products. The determination is based on
the principle of incinerating a known amount
of sample and measuring the inorganic residue
remaining after complete combustion. The ash
determination in the pekmez sample was carried
out using a Protherm Furnaces muffle furnace
in accordance with the dry incineration meth-
od reported by Cemeroglu (14). Approximate-
ly 2.0000£0.0001 g of pekmez was weighed into
porcelain crucibles and pre-incinerated over a
Bunsen burner flame to remove organic matter.
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The samples were then ashed in a muffle furnace
at 525 £ 10 °C until a gray-white ash, indicating
complete incineration, was obtained. After cool-
ing in a desiccator, the residue was weighed,
and the ash content was determined in quadru-
plicate.

Determination of Hydroxymethylfurfural
(HMF)

The determination of hydroxymethylfurfural
(HMF) content in the pekmez sample was carried
out in accordance with the TS 13356 standard
(15) using an Agilent 1260 Infinity high-perfor-
mance liquid chromatography (HPLC) system.
A (18 reversed-phase column (250 x 4.6 mm, 5
um particle size) was employed for the analysis.
The mobile phase consisted of a mixture of ul-
trapure water and methanol (90:10, v/v) under
isocratic conditions, with a flow rate set at 1.0
mL/min. Detection was performed using a UV
detector at a wavelength of 284 nm. The injection
volume was 20 pL, and the column tempera-
ture was maintained at 30 °C. For quantitative
analysis, standard solutions at different con-
centrations were prepared from an HMF stock
solution to construct a calibration curve with at
least five calibration points, yielding a linear re-
gression coefficient of R? > 0.999. The limit of de-
tection (LOD) and limit of quantification (LOQ)
of the method were calculated as 0.01 mg/L and
0.03 mg/L, respectively. Prior to analysis, the
samples were filtered through a 0.45 um PTFE
membrane filter, and all measurements were
performed in triplicate.

Determination of Water-Soluble Dry Matter
(WSDM)

The water-soluble dry matter (WSDM) content of
the pekmez sample was determined at 20 °C us-
ing an Abbe digital refractometer in accordance
with the method described by Cemeroglu (14).
Water-soluble dry matter refers to the fraction of
solid components in a food product that remains
after the removal of water and is soluble in wa-
ter, including mainly sugars, organic acids and
certain minerals (16). WSDM is a critical quality
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parameter in pekmez production, as it directly
influences product consistency, viscosity, shelf
stability and consumer acceptability.

Results and Discussion

This section presents the physicochemical

properties and mineral composition of
(Haho)

mulberry pekmez and discusses the results in

traditionally =~ produced  Bagbas:
comparison with relevant quality standards and
previously published studies. The findings are
evaluated in terms of technological quality and
potential nutritional significance, with particular
emphasis on the effects of traditional processing
conditions and regional characteristics on the

final product profile.
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Table 2. TSE 12001 mulberry pekmez standard values

Properties Type 1 Type 2
pH 5.0-6.0 5.0-6.0
Water-soluble dry matter WSDM (brix) % (m/m) minimum 72 65
Invert sugar, % m/m, 51.0-65.0 35.0-50.0
Total sugar (inverted sugar), % m/m, maximum 66.0 60.0
Sucrose, %m/m, maximum 14 17
Ash insoluble in 10% HCI, %m/m, maximum 0.3 0.3
Total ash, %, maximum 4.0 3.0
Hydroxymethyl furfural (HMF), mg/kg, maximum
75 75
Heavy metals
Arsenic (As), mg/kg, maximum 0.2 0.2
Copper (Cu), mg/kg, maximum 5.0 5.0
Zinc (Zn), mg/kg, maximum 5.0 5.0
Iron (Fe), mg/kg, maximum 15.0 15.0
Lead (Pb), mg/kg, maximum 0.3 0.3

pH Value of Mulberry Pekmez

According to the TSE 12001 Mulberry Pekmez
Standards Draft, the pH values of both Type 1
and Type 2 pekmez should range between 5.0
and 6.0. The pH value of Bagbas1 (Haho) mul-
berry pekmez was determined to be 4.71, which
is slightly below the standard range specified by
TSE 12001. In a study conducted by Ozdemir
and Topuz (18) the pH value of pekmez was de-
termined to be 3.74-5.65, while in a study con-
ducted by Konal (2) it was determined to be in
the range of 4.62-4.89. The data in the literature
are close to the results of our study. However,
the pH value of Bagbasi (Haho) mulberry pek-
mez was found to be lower than those reported
by Aksu and Nas (1), Karatas and Sengiil (8)
and Ergun et al. (19), which were in the ranges
of 5.35-6.03, 4.84-5.30 and 4.77-5.18, respectively.
The pH value of Bagbas: (Haho) mulberry pek-
mez being determined below the TSE 12001 stan-
dard range (5.0-6.0), at 4.71, may be attributed to
the production process being carried out entire-
ly using natural methods without the addition
of any alkalizing agents (such as molasses soil,
lime, etc.). In some traditional production prac-

tices, alkaline substances like molasses soil are
used to balance acidity and enhance clarification.
The absence of such substances allows the nat-
urally occurring organic acids in the product to
remain dominant, resulting in a lower measured
pH value. In addition, factors such as harvesting
the mulberries at full ripeness, the mineral com-
position of the soil in which they were grown,
the climatic characteristics of the region, and the
absence of any additives during production may
have contributed to the preservation of the natu-
ral acidity of the molasses. This situation also ex-
plains the consistency of the obtained pH value
with those reported in the literature for certain
natural and additive-free molasses samples.

Water-Soluble Dry Matter Values (WSDM) of
Mulberry Pekmez

As shown in table 1, the soluble dry matter
(WSDM) value of Bagbasi (Haho) mulberry pek-
mez was 76.5%. According to the TSE 12001 Mul-
berry Pekmez Standards Draft, the soluble solid
matter (Brix) value should be at least 72 for Type

243



1 pekmez and 65 for Type 2 pekmez. Based on
these results, Bagbasi (Haho) mulberry pekmez
falls under Type 1 classification. In a study con-
ducted by Aksu and Nas (1), the total dry matter
content of mulberry pekmez samples obtained
from different locations was found to be in the
range of 63.1-76.0%. In a study conducted by
Karatas and Sengiil (8), the soluble dry matter
(WSDM) content in mulberry pekmez samples
was found to be between 71.25% and 82.17% and
the total dry matter content was found to be be-
tween 72.50% and 84.01%. The results obtained
in this study are consistent with the results of
previous studies.

Total Ash Value of Mulberry Pekmez

As shown in table 1, the total ash content of
Bagbasi (Haho) mulberry pekmez was 2.02%.
According to the TSE 12001 Mulberry Pekmez
Standard, the maximum allowable ash content
is 4.0% for Type 1 and 3.0% for Type 2 pekmez.
Therefore, the ash content of Bagbas1 (Haho) mul-
berry pekmez complies with the limits specified
for both Type 1 and Type 2 pekmez. Karatas and
Sengiil (8) determined the ash content in mul-
berry pekmez samples to be between 1.76% and
2.95%, Ergun et al. (19) between 1.84% and 2.40%
and Salik et al. (10) between 1.44% and 3.47%.
The amount of ash detected in this study was
found to be consistent with the values obtained
in previous studies. Ash content is closely asso-
ciated with the mineral composition of pekmez
and reflects both the raw material characteristics
and processing conditions. Variations in ash val-
ues reported in the literature may be attributed
to differences in mulberry variety, soil mineral
composition and traditional production practic-
es. In this context, the ash content obtained in
the present study indicates an appropriate pro-
cessing process and supports the mineral profile
findings.

Hydroxymethylfurfural (HMF) Value of Mul-
berry Pekmez

Hydroxymethylfurfural (HMF) is formed as a
result of heat treatment applied during the pro-
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duction of foods with high sugar content, such
as jam and molasses, and is widely used as an
indicator of thermal processing intensity and
product quality (20). The amount of HMF in
food products generally increases with storage
time and temperature (21). According to the TSE
12001 Mulberry Pekmez Standards Draft, the
maximum permissible HMF content is 75 mg/kg
for both Type 1 and Type 2 mulberry pekmez.
As shown in table 1, the HMF content of Bagbas:
(Haho) mulberry pekmez was determined to
be 30 mg/kg. This value is well below the max-
imum limit specified in the standard and indi-
cates appropriate processing conditions. Karatas
and Sengiil (8) reported HMF values ranging
from 5.69 to 134.68 mg/kg in mulberry pekmez
samples and concluded that storage significant-
ly increases HMF formation. Similarly, Ergun et
al. (19) determined HMF contents between 18.69
and 104.59 mg/kg in pekmez samples. Based on
the TSE 12001 Standard, the HMF content deter-
mined in the present study complies with the
regulatory limit.

Mineral Content of Mulberry Pekmez

To characterize the major and trace element pro-
file of Bagbasi (Haho) mulberry pekmez, its min-
eral composition was determined using ICP-MS;
the analytical results are summarized in table 3.
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Table 3. Mineral content of Bagbasi (Haho) mulberry pekmez (molasses)

Concentrations (mg/kg)
Major elements
Mg 166.90
P 199.50
K 2497 .44
Ca 52.13
Trace elements
Fe 7.52
Zn 5.42
Se 0.01

Minerals, which are inorganic substances, are
widely found in nature. They are essential for the
growth, development, maintenance of life and
preservation of health. Minerals are among the
fundamental nutrients that constitute the struc-
ture of the human body and regulate numerous
physiological functions. Although they make up
only about 4% of our body, minerals contribute
significantly to the formation of its structure.
They are also present in muscles, bones, teeth,
blood and other body tissues. Minerals that are
required in amounts greater than 250 mg per day
are referred to as "macrominerals." This group
includes electrolytes such as sodium, potassi-
um, calcium, magnesium, phosphorus and chlo-
ride. On the other hand, minerals with a daily
requirement of less than 20 mg are classified as
"trace elements," and this group includes chro-
mium, copper, fluoride, iodine, iron, manganese,
molybdenum, selenium and zinc (22). As shown
in table 3, the molasses sample contained macro
minerals Mg, P, K and Ca as well as trace ele-
ments Fe, Zn and Se. For a more comprehensive
evaluation and to enable a direct comparison
with previous studies, the mineral composition
of mulberry pekmez and other traditional mo-
lasses types reported in the literature is summa-
rized in table 4.

As shown in table 3, the magnesium (Mg) content
of the mulberry pekmez sample was 166.90 mg/kg.
This value is lower than the concentrations reported

in previous studies (3, 23, 24), while it is higher than
those reported by Karaca (25) and Dilek et al. (26).
The phosphorus (P) content of the pekmez sample was
determined to be 199.50 mg/kg. This value is lower
than those reported in previous studies (3, 23, 24) and
higher than the value reported by Dilek et al. (26).
The potassium (K) content of the pekmez sample was
determined to be 2497.44 mg/kg. This value is lower
than those reported in previous studies (3, 23, 24) but
higher than the values reported by Karaca (25) and
Dilek et al. (26). Similarly, the calcium (Ca) content
of the mulberry pekmez sample was determined
to be 52.13 mg/kg. This value is lower than those
reported by Akbulut et al. (3) and Simgek et al. (23)
but higher than the values reported by Yigit (24) and
Dilek et al. (26). These variations observed among
different studies may be associated with differences in
mulberry variety, harvest time, processing conditions
and geographical origin.
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Table 4. Mineral content of some traditional molasses types

Minerals | Mg | P | K | Ca Fe Zn Se
mg/kg
Mulberry molasses
670 540 4380 960 9.3 48 -
Simgek and Artik (23)
Mulberry molasses
o 559 327.2 8297 13.47 46.01 2.20 -
Yigit (24)
Mulberry molasses
389.86 517.72 8146 575.81 5.48 3.31 -
Akbulut et al. (3)
Mulberry molasses
113 - 178 287 3.26 473 3.88
Karaca (25)
Mulberry molasses
. 0.10 0.34 1.04 0.88 6.39 1.21 -
Dilek et al. (26)
Carob molasses
. 500 550 4230 1350 34 120 -
Simgek and Artik (23)
Carob molasses
. 556 778 10573 3149 14 4 -
Tetik et al. (27)
Carob molasses
. 503 577 11271 861 20.94 1.85 -
Yigit (24)
Carob molasses
10.2 - 1936 30.4 3.32 2.86 3.58
Karaca (25)
Carob molasses
. 0.12 0.14 0.99 0.49 5.77 0.59 -
Dilek et al. (26)
Juniperus drupacea fruit (An-
diz) 843 1445 18840 1499 6.9 12.8 -
Akima (28)
Juniperus drupacea fruit (An-
diz) 746 1248 17400 1881 1881 12.5 -
Akbulut et al. (29)
uniperus drupacea fruit (Andiz)
p p
11.4 - 385 33.8 292 3.68 3.96
Karaca (25)
Juniperus drupacea fruit (An-
diz) 0.08 0.33 1.24 117 749 1.52 -
Dilek et al. (26)

“-: Not reported in the reference study. All values are expressed as mg/kg.

From a nutritional perspective, calcium is an es-
sential mineral for bone health, muscle contrac-
tion and enzymatic activity. The recommended
daily intake of calcium ranges from 200 to 1300
mg (30); therefore, although Bagbas: (Haho) mul-
berry pekmez is not a major source of calcium on
its own, it may contribute to the daily calcium
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intake as a complementary food. The iron (Fe)
content of the pekmez sample was determined to
be 7.52 mg/kg. According to the TSE 12001 Mul-
berry Pekmez Standard, the maximum allowable
iron content in Type 1 and Type 2 mulberry pek-
mez is 15 mg/kg. It can be stated that the mul-
berry pekmez sample complies with the relevant
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standards in terms of its iron (Fe) content. The
zinc (Zn) content of the mulberry pekmez sam-
ple was determined to be 5.42 mg/kg. This value
is higher than those reported in previous studies
(3, 23, 26). Zinc is an essential trace element in-
volved in immune function, antioxidant defense
and numerous enzymatic reactions; therefore,
the relatively high Zn content enhances the nu-
tritional value of the product. The selenium (Se)
content of the pekmez sample was determined to
be 0.01 mg/kg. This value is lower than the one
reported by Karaca (25). Selenium is an essential
trace element involved in antioxidant defense,
immune function and thyroid hormone metabo-
lism. The recommended daily intake of selenium
(Se) ranges from 20 to 55 pg (31). Considering
the relatively low selenium concentration deter-
mined in this study, Bagbasit (Haho) mulberry
pekmez alone cannot be considered a sufficient
dietary source to meet the daily selenium re-
quirement; however, it may contribute to overall
selenium intake as part of a balanced diet.

The mineral composition of the Bagbasi (Haho)
mulberry pekmez reflects both nutritional char-
acteristics of the raw material and the effects of
traditional processing conditions. The predomi-
nance of macrominerals such as potassium (K),
calcium (Ca), magnesium (Mg) and phosphorus
(P) is consistent with previous reports on mul-
berry and grape molasses produced in different
regions of Tiirkiye and other countries. Potas-
sium plays a critical role in electrolyte balance
and cardiovascular function, while calcium and
magnesium are essential for bone metabolism,
enzymatic activity and energy metabolism. The
presence of trace elements such as iron (Fe), zinc
(Zn) and selenium (Se), although at relatively
low concentrations, is nutritionally important
due to their roles in oxygen transport, antioxi-
dant defense, immune response and endocrine
regulation.

The observed differences in mineral concentra-
tions among various studies may also be influ-
enced by technological factors such as boiling
duration, evaporation rate, clarification practices
and contact with metallic surfaces during tradi-
tional processing. Prolonged boiling may lead
to partial concentration of some minerals due
to water loss, whereas clarification and filter-

ing steps may reduce the levels of certain trace
elements. Moreover, soil mineral composition
and plant uptake capacity play a decisive role in
determining the mineral profile of mulberries.
Therefore, both agronomic and technological
factors should be considered together when in-
terpreting the mineral composition of traditional
pekmez.

This study provides the first comprehensive
evaluation of the physicochemical properties
and mineral composition of traditionally pro-
duced Bagbasi (Haho) mulberry pekmez. The
findings demonstrate that the product meets the
quality criteria for Type 1 mulberry pekmez ac-
cording to the TSE 12001 standard and is charac-
terized by a favorable mineral profile dominated
by essential macro- and trace elements. These
results confirm the nutritional value of Bagbas:
(Haho) mulberry pekmez as a high-quality tradi-
tional food and support its potential relevance in
future regional characterization, standardization
efforts and functional food research.

Due to their health benefits, the demand for nat-
ural foods has been steadily increasing both in
our country and around the world. For this rea-
son, interest in traditional foods has increased
and studies focusing on these foods have inten-
sified in recent years. In this study, it was aimed
to determine some physical and chemical prop-
erties as well as the mineral content of the Tor-
tum Bagbas1 (Haho) mulberry pekmez produced
by traditional methods. The pH value of Bagbas:
(Haho) mulberry pekmez was determined as
4.71, which is slightly below the standard range
(5.0-6.0) specified in the TSE 12001 Mulberry
Pekmez Standard. However, the water-soluble
dry matter (WSDM), total ash and hydroxymeth-
ylfurfural (HMF) values were found to be fully
compliant with the relevant standard limits. The
low HMF content indicates that the traditional
production process was carried out under ap-
propriate temperature conditions and that the
product was exposed to minimal thermal degra-
dation.

The WSDM content of 76.5% reflects the dense
consistency and sugar-rich structure of the prod-
uct and indicates a low water content, which en-
hances microbial stability and contributes to an
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extended shelf life. Moreover, the ash content of
2.02% demonstrates that Bagbasi (Haho) mul-
berry pekmez is rich in mineral matter. Mineral
analysis revealed the presence of essential macro
and microelements, including Fe, Zn, Mg, K, Ca,
P and Se. The relatively high levels of Fe and Zn
support the traditional consumption of pekmez,
particularly in populations where iron deficien-
cy anemia is prevalent.

The originality of this study lies in the fact that
the physical, chemical and mineral composition
of Bagbasi (Haho) mulberry pekmez has been
comprehensively determined for the first time.
Although several studies have investigated mul-
berry and grape pekmez produced in different
regions, no detailed scientific data have pre-
viously been reported specifically for Bagbas:
(Haho) mulberry pekmez. Therefore, the present
study fills an important gap in the literature by
providing region-specific and product-specific
reference data. In conclusion, Bagbasi (Haho)
mulberry pekmez stands out as a high-quality
traditional product in terms of its physicochem-
ical properties and mineral richness, indicating
that it may be considered not only a convention-
al energy source but also a functional food with
potential health-promoting properties. The find-
ings of this study provide a scientific basis for
future comparative regional, technological and
nutritional studies, as well as for standardization
efforts, functional food development and possi-
ble geographical indication applications. How-
ever, further comprehensive studies involving
different harvest periods, production techniques
and regional variations are recommended to
more fully evaluate the nutritional and function-
al potential of this traditional product.
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