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ABSTRACT: In the present study, phenolic compounds compositions, antioxidant potentials and trace element contents of grape
molasses produced by traditional and industrial techniques were comparatively investigated. The phenolic components (gallic acid,
catechin, epigallocatechin, quercetin etc.) were evaluated using a high-performance liquid chromatographic (HPLC) method and
also their total phenol and flavonoid contents were determined. Antioxidant activity of the samples were investigated by using
total antioxidant capacity (TOAC), cupric reducing capacity (CUPRAC) and hydrogen peroxide scavenging activity techniques.
Additionally, dietary element contents of the molasses and molasses soil samples were determined by atomic absorption and
X-ray fluorescence spectroscopy, respectively. Consequently, the concentration of phenolic compounds, total phenol contents and
antioxidant activity in grape molasses produced by traditional techniques were found to be higher than that produced by industrial
techniques. On the other hand, iron and copper levels in some traditionally produced samples were found to be above the limits
established by the international and Turkish standards. In conclusion, production method can influence the content of grape molasses
but the type of the grape, growing conditions, soil etc. should also be considered as a quality factor for the final product on market.
Keywords: Vitis vinifera L., high-performance liquid chromatography (HPLC), total phenol content, antioxidant activity, dietary
elements

1. INTRODUCTION

is considered as an important component in human nutrition
and as a good source for energy intake due to its high contents
of sugars (glucose, galactose), minerals and organic acids [4].
In Turkey, traditional methods are common way to obtain
homemade grape molasses in villages. However, currently
marketing products are obtained by modernized techniques
in industrial scale. Briefly, the production process starts by
squeezing grapes, and the liquid part is filtered to remove
the rape. Then the filtrate is boiled until the pH 3-4 where it
becomes blurred and viscous. Finally, a special soil (named as
“molasses soil”) with high calcium carbonate (CaCO3) content
is added to adjust the pH value and to fix the turbidity [5].

Fresh or processed grape (Vitis vinifera L.) is one of the widely
consumed fruits in all around the world due to its delicious
taste and beneficial effects on human health. Growing
interest on ‘French Paradox’ led scientists to research its
polyphenolic content such as phenolic acids, flavanols,
proanthocyanidins, anthocyanins, and stilbenes (resveratrol)
found in different parts of grape (seed, skin, stem, leaf etc.)
and their contribution to human health [1]. Recent researches
have revealed that consumption of fresh or processed grape
products reduce the risk of chronic disorders such as certain
types of cancer and heart diseases [2]. It inhibits the platelet
aggregation and lipid peroxidation. It has also antioxidant,
cholesterol-lowering, anti-inflammatory, antimicrobial,
antidiabetic and hepatoprotective activities [3].

Technically, boiling and condensing of grape fruits under
reduced pressure to lower the boiling point in modern
technique is the main difference from the traditional
processing way. Consequently, processing under
reduced temperature conditions would possibly prevent
decomposition of grape juice components due to excessive
and long-term application of heat.

Grape molasses is a popular processed product from grape fruits
with dark-colored, sweet and viscous liquid characteristics. It
is produced traditionally by boiling and then condensation of
the grape juice for centuries. In Turkish cuisine, grape molasses
has been used as a flavor or to increase the nutritional value of
desserts or to improve the taste of cookies for ancient times. It

Although there are many researches on the chemical
composition and the biological activity of fruits, seeds, and
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leaves of grape and its products especially of wine etc., few
investigations on the grape molasses have been found. The
aims of the present study were to comparatively evaluate:
1) the phenolic profiles by HPLC, 2) the total phenol and
flavonoid contents, 3) the antioxidant potentials, and 4) the
dietary element contents of grape molasses produced by
conventional and modern industrial techniques.

2. RESULTS AND DISCUSSION
The geographical conditions such as soil and climate are suitable
for the cultivation of grapes in Turkey. Therefore, consumption
of fresh grape or its processed products are popular in Turkish
cuisine. This study was designed to compare some characteristics
of grape molasses samples produced by conventional technique
(from Canakkale, Nevsehir and Malatya) and marketed grape
molasses samples produced by modern techniques.

Figure 1. The comparison of TPC (total phenolic content) and
TFC (total flavonoid content) of molasses samples produced
by traditional (TT) (n=5) and modern industrial techniques
(MT) (n=5). Results were expressed as the mean of triplicates
± SD. *p˂0.05 compared to MT. Mann–Whitney U test was
used to compare to independent groups medians. For TPC
analysis median was 7.07 (5.72-8.31) for traditional samples
and 4.59 (1.70-5.34) for modern industrial samples. For TFC
analysis median was 6.09 (2.86-10.44) for traditional samples
and 1.86 (0.21-3.44) for modern samples.

2.1. Phenolic and flavonoid content
The phenolic compounds are secondary metabolites in plants
with the ideal chemical structure for antioxidant properties due
to their hydroxyl groups [6]. Therefore plant-based products
originated from agro-industries have a great value as natural
antioxidants with preventive properties against a wide range of
health problems and chronic disease. Two main classes of natural
antioxidants are flavonoids and phenolic acids [7]. As shown in
Table 1, the TPCs of molasses samples varied from 1.70 ± 0.13
to 8.31 ± 0.11 mg GAE/g dry extract. The TFC contents were in
the range of 0.21 ± 0.04 to 10.44 ± 0.07 mg rutin/g dry extract.
The C3 had the highest TPC and TFC levels, whereas T5 had
the lowest. The TPC and TFC of traditionally produced grape
molasses were found to be significantly higher when compared
to that of manufactured by modern techniques (Figure 1).

In addition to the determination of TPC, the phenolic profile
of different molasses samples including gallic acid, catechin,
chlorogenic acid, epigallocatechin, caffeic acid, p-coumaric
acid, ferrulic acid, rutin and quercetin was investigated by
HPLC-DAD technique in this study.
The results of HPLC analysis of phenolic profile were given
in Table 2. The identity of the standards in test solutions of
molasses samples were confirmed by comparing the retention
time (Rt) with reference mixture solution. In accordance
with the results of TPC test, molasses samples produced by
traditional and modern techniques demonstrated a different
phenolic component profile. Among the studied reference
standards the major phenolic components in traditionally
produced samples were determined to be gallic acid, catechin,
chlorogenic acid, caffeic acid, p-coumaric acid, ferulic acid,
and rutin, whereas in commercial samples produced by
modernized techniques only gallic acid, ferulic acid and
rutin were found as main components.

Table 1. Total phenolic and flavonoid contents of the
molasses samples.
Samples
TPC
TFC
C1
8.09 ± 0.03
8.54 ± 0.35
C2
7.07 ± 0.08
6.09 ± 0.42
C3
8.31 ± 0.11
10.44 ± 0.07
M
5.72 ± 0.01
2.86 ± 0.18
N
6.89 ± 0.03
3.86 ± 0.18
T1
2.80 ± 0.05
0.76 ± 0.04
T2
5.34 ± 0.09
3.44 ± 0.07
T3
4.59 ± 0.19
1.86 ± 0.04
T4
5.05 ± 0.20
3.09 ± 0.14
T5
1.70 ± 0.13
0.21 ± 0.04
Results were expressed as the mean of triplicates ± standard deviation and
as mg gallic acid and rutin equivalents in 1 g of samples for TPC and TFC,
respectively. C1, C2, C3, M and N are samples produced by traditional
technique and T1-T5 represent the samples produced by modern industrial
technique. TPC: Total Phenolic Content, TFC: Total Flavonoid Content.
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Table 2. Phenolic profiles of the molasses samples produced by traditional and modern industrial techniques.
Phenolic contents (μg/g extract)
Samples
1
2
3
4
5
6
7
C1
ND
ND
ND
27.83±4.18
6.11±0.31
2.03±0.28
ND
C2
3.70±0.02
ND
ND
ND
1.90± 0.01
0.24±0.01
1.25±0.01
C3
10.42±0.02
ND
ND
6.42±0.01
ND
1.88±0.02
6.78±0.01
M
ND
2.73±0.70
12.29±0.01
ND
ND
2.21±0.01
62.97±0.27
N
ND
ND
ND
28.08±4.11
5.06±0.10
ND
ND
T1
3.45±0.01
ND
ND
ND
ND
ND
ND
T2
5.15±0.01
ND
ND
ND
ND
2.46±0.01
4.69±0.01
T3
1.62±0.03
ND
ND
ND
ND
ND
ND
T4
ND
ND
ND
ND
ND
ND
ND
T5
ND
ND
ND
ND
ND
ND
ND
1: gallic acid, 2: catechin, 3: chlorogenic acid, 4: caffeic acid, 5: para-coumaric acid, 6: ferulic acid, 7: rutin; Grape molasses produced by traditional technique:
C1, C2, C3, M and N ; Modern traditional technique: T1-T5; ND: non-detected.

2.2. Assessment of in vitro antioxidant potential

It is well known that the chemical structure of phenolic
compounds are susceptible to various factors, including
enzymatic reactions, pH changes, matrix effects, temperature,
etc [8]. Especially, heating condition thwat is necessary for
preparation of molasses can change the structure of phenolic
compounds. Some previous studies reported that TPC and
subsequent antioxidant activity declined in agricultural
products with increasing temperature [9-12]. On the other
hand, the TPC of grape seed was found to be significantly
higher when heated at 150°C for 40 minutes compared to
the unheated seeds [13]. Pinelo et al., [14] evaluated the
antioxidant capacity of grape extract and its relationship
between thermal treatments. The antioxidant activity of the
extracted grape was strongly affected by heat. The antioxidant
activity was found to be higher as the storage temperature
was increased. This increase in the antioxidant activity of
the grape extract explained on the basis of the formation of
oligomers from free polyphenols.

2.2.1. Total antioxidant capacity
TOAC assay is commonly used as an antioxidant parameter
based on the reduction of Mo (VI) to Mo (V) and subsequent
formation of a green phosphate/Mo (V) complex at low pH
[8]. The results were given in Table 3. The total antioxidant
capacities of traditionally produced grape molasses were
found to be significantly higher when compared to that of
manufactured by modern industrial techniques (Figure 2).

Table 3. Total antioxidant, cupric ion reducing antioxidant
capacities and H2O2 scavenging activity of the molasses
samples produced by traditional and modern industrial
techniques.
Samples
TOAC
CUPRAC
HSA
C1
81.64 ± 1.02
14.69 ± 0.17
95.46 ± 5.89
C2
78.55 ± 4.50
12.04 ± 1.02
93.58 ± 6.78
C3
80.30 ± 2.32
17.68 ± 0.36
121.50 ± 12.67
M
79.38 ± 3.05
9.57 ± 0.27
68.38 ± 4.71
N
96.64 ± 2.18
13.03 ± 0.05
69.42 ± 2.65
T1
68.18 ± 1.74
6.53 ± 0.38
48.79 ± 1.18
T2
71.16 ± 2.18
7.88 ± 0.47
77.75 ± 0.88
T3
76.09 ± 2.47
5.94 ± 0.02
70.42 ± 2.06
T4
74.24 ± 1.02
7.96 ± 0.38
69.83 ± 0.29
T5
76.29 ± 1.60
2.34 ± 0.44
32.33 ± 3.83
Results were expressed as the mean of triplicates ± standard deviation and
as mg ascorbic equivalents (AAE) in 1 g sample. C1, C2, C3, M and N are
samples produced by traditional technique and samples encoded as T1-T5
represent modern industrial technique. TOAC: total antioxidant capacity,
CUPRAC: cupric reducing antioxidant capacity. HSA: hydrogen peroxide
scavenging activity.

In another study, effects of heating on antioxidant activity of
grape seeds has been investigated [15]. The study reported
that the contents of gallocatechin, gallate and caffeine in grape
seed extract significantly increased by heat treatment and
thus increased the antioxidant activity. This study has shown
that simple heat treatment possibly converted insoluble
phenolic compounds to soluble phenolic compounds. In
accordance with the results of previous studies, the phenolic
content of the molasses samples produced conventionally
using high temperature was found to be higher than the
samples manufactured under vacuum condition with lower
temperature in present study. However, it should be noted
that other factors such as growing conditions of grape, the
amount of used grape, environmental factors, genotype of
grape, soil type, post-harvest treatments may also alter the
phenolic compounds in molasses.
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was presented in Table 3. In accordance with the results of
previous tests, although the statistically significance was not
achieved, the highest activity was shown in samples produced
by conventional technique (Figure 2).
Overall, the antioxidant capacity of molasses samples
correlates well with their antioxidant TPC and TFC contents.
Similar to the TPC and TFC results, the total antioxidant,
cupric ion reducing antioxidant and H2O2 scavenging activity
of traditionally produced grape molasses were found to be
higher when compared to that of samples manufactured by
modern industrial technique under reduced temperature. It
was stated that, pro-oxidant and antioxidant molecules may
be formed depending on the degree of thermal treatment
applied. During heat treatment antioxidants, naturally
found in food, can be degraded and new components
with antioxidant activity can be formed [16]. Increased
antioxidant activity in traditionally produced samples may
possibly be explicated by the grade and duration of the
applied temperature.

Figure 2. The comparison of TOAC (Total antioxidant
capacity), CUPRAC (Cupric ion reducing antioxidant
capacity) and HSA (hydrogen peroxide scavenging activity)
of molasses samples produced by traditional (TT) (n=5)
and modern industrial techniques (MT) (n=5). Results were
expressed as the mean of triplicates ± SD. *p˂0.05 compared
to MT. Mann–Whitney U test was used to compare to
independent groups medians. For TOAC analysis median
was 80.30 (78.55-96.64) for traditional samples and 74.24
(68.18-76.29) for modern industrial samples. For CUPRAC
analysis median was 13.03 (5.97-17.68) for traditional
samples and 6.53 (2.34-7.96) for modern industrial samples.
For HSA analysis median was 93.58 (68.38-121.50) for
traditional samples and 69.42 (32.33-77.75) for modern
industrial samples.

2.3. Dietary element contents in molasses and molasses
soil samples
Dietary elements occur in living tissues in small amounts and
they are called micronutrients. Fe, Cu, Mn, Zn and Mg are
essential elements which involved in biochemical reactions
in the body. Fe is significant part of tissue and blood in
human bodies. Fe deficiency is the most common nutritional
deficiency worldwide and anemia is the major manifestation
of Fe deficiency.
Cu is an essential component of several enzymes such as
cytochrome c-oxidase and lysyl oxidase. Cytochrome c-oxidase
is gaining importance because it catalyzes a key reaction
in energy metabolism and its deficiency results in severe
pathology in human. Lysyl oxidase initiates the covalent crosslinkage between elastin and collagen, thereby it is important
for the formation and repair of extracellular matrix.

2.2.2. Cupric ion reducing antioxidant capacity
CUPRAC test is a method relying on metal ion reducing, and
widely used as an antioxidant capacity index particularly for
dietary polyphenolics. The reduction of the cupric ion, which
takes part in the formation of free radicals, gives information
about the antioxidant potential of the studied samples [8].
The results of CUPRAC assay were given in Table 3. In
accordance with the results of TOAC test, CUPRAC activity
found to be significantly higher in grape molasses samples
produced by traditionally technique compared to that of
samples manufactured by modern industrial techniques
(Figure 2).

Mn is present in the human body in small amounts and its
deficiency has been associated with impaired growth, skeletal
abnormalities and disturbed reproductive functions.

2.2.3. H2O2 scavenging activity

Zn is an essential element of a large number metalloenzymes
participating in a wide variety of metabolic processes.
It is also essential for healthy immune system, normal
growth and development during pregnancy, childhood and
adolescence. Furthermore, Zn and Cu are key components
of Cu/Zn superoxide dismutase enzyme present in most cells
and protects from oxygen toxicity by scavenging superoxide
radicals.

H2O2 itself is not very reactive, but it is considered among
the reactive oxygen species since it may give rise to hydroxyl
radical in the cells. Thereby, the scavenging of H2O2 is
crucial for antioxidant defense in cell or food systems [8].
H2O2 scavenging activity of different molasses samples

Another essential dietary element, Mg, serves as a cofactor of
numerous enzyme such as those have key role in the glycolytic
cycle. It is known that Mg deficiency in human body leads
to neuro-muscular irritability, frank tetany, inflammatory
syndrome and even convulsions [17].
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In this study, different element values were found in
investigated molasses samples. The factors such as element
content and chemical composition of soils may be the reason
of this observation.

produced by modern industrial technique was also compared
to the recommended daily allowances (RDAs) of these
elements (Table 4). During the production of grape molasses,
approximately 80% of its water content is evaporated and
condensed product is clarified and filtered. Hence it is expected
that these steps in processing the molasses resulted in loss of
some elements, particularly during the filtering step. However,
our results demonstrated that the final product still contains
considerable amount of essential dietary elements and are
considered a good source for Mn, Mg, Cu and Fe.

The concentrations of Fe, Cu, Mn, Zn and Mg were observed
to be within the ranges of 0.39–1.87; 0.01-0.29; 0.21-1.31;
0.25-0.86 and 38.78-108.94 in samples produced by modern
industrial technique and 1.15-8.4; 0.20-2.18; 0.44-1.24; 0.130.63 and 37.71-80.89 mg/100g for traditionally produced
samples, respectively. The intake of 100 g molasses samples

Table 4. Comparison of the “Recommended Dietary Allowance” values for dietary elements through consumption of 100 g of
molasses produced by modern industrial technique.
Element

RDA*
(mg/day)
Male
(19-50 years)
6

Average content (mg) in % of RDA
100 g of sample
Female
Male
Female
(19-50 years)
(19-50 years)
(19-50 years)
Fe
8.1
1.11 ± 0.54
18.50
13.70
0.39 – 1.87**
Cu
0.7
0.7
0.17 ± 0.10
24.29
24.29
0.01 – 0.29**
Mn
2.3
1.8
0.90 ± 0.58
39.13
50.00
0.21 – 1.31**
Zn
9.4
6.8
0.51 ± 0.23
5.43
7.50
0.25 – 0.86**
Mg
330-350
255-265
80.69 ± 26.48
24.45-23.05
31.64-30.45
38.78 – 108.94**
* The daily intake of elements was evaluated in view of American recommended dietary intakes (RDA) [19].
** These values represent the range of dietary element contents in 100 g of molasses samples produced by modern industrial technique (n=5)

For traditionally produced molasses, the comparison of trace
element contents with the recommended dietary allowances
(RDA) were not included in Table 4, because some samples
contained abnormally high amount of Fe and Cu. As
illustrated in Figure 3, the Fe levels in C3 and N samples
were found to be 85.84 and 36.95 mg/kg, respectively. The
concentration of Cu in C2, C3 and N samples were 21.88,
12.72 and 6.70 mg/kg, respectively. These levels were found
to be above the limits established by the Turkish standards for
Fe (25 mg/kg) and Cu (5 mg/kg) contents in grape molasses
samples [18] as well as the suggested daily intake levels by the
international authorities. It is important to note that even the
trace elements are essential for human body functions their
high levels may give rise to some health risks.

Figure 3. Fe and Cu contents of molasses samples produced
by traditional (n=5) and modern industrial techniques
(n=5). C1, C2, C3, M and N are samples produced by
traditional technique and samples encoded as T1-T5
represent modern industrial technique.
Consumption of 100 g C2 or C3 samples contributes 300
and 177 percent of the daily Cu requirement. Considering
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the additional daily Cu intake from other food and beverage
sources, this will be resulted in Cu overload in the body. Fe and
Cu contents of molasses soil samples from Canakkale province
were also determined in this study. The Cu levels were 0.010
± 0.001; 0.008 ± 0.001 and 0.009 ± 0.002 for soil samples used
in production of C1, C2 and C3 molasses, respectively. The Fe
levels of same soil samples were 2.941 ± 0.177; 1.805 ± 0.013
and 3.535 ± 0.144. Our results suggest that the higher amount
of Fe in traditionally produced molasses may be most probably
due to the addition of molasses soil to balance the pH value
during molasses production. While the high levels of Cu in
traditional samples may be expounded with frequent use of
copper cauldrons by the local people due to its high thermal
conductivity during the molasses production.

Nevsehir (central) and Malatya (located in the eastern part of
the country) provinces of Turkey. The three products obtained
from Canakkale encoded as C1-3, a product from Nevsehir
encoded as N and a product from Malatya coded as M.
Grape molasses samples, which are produced via modern
technique, were purchased from local markets in Istanbul
(Turkey) and coded as T1, T2, T3, T4 and T5.
Aliquots (10 mL) of grape molasses samples were lyophilized
weight. The yields were (in gram): 9.88 (C1), 9.44 (C2), 9.23
(C3), 18.03 (N), 9.89 (M), 11.92 (T1), 11.02 (T2), 9.48 (T3),
10.41 (T4) and 12.47 (T5).
4.3. Determination of total phenolic and flavonoid content
For the measurement of the total phenolic content (TPC),
Folin-Ciocalteau reagent and sodium carbonate (7.5%) were
added to 0.5 mL of the test samples and incubated for 90 min
at room temperature. After the incubation period, samples
were centrifuged at 2000 rpm for 10 min and blue color was
measured at 725 nm using spectrophotometer (Thermo,
Evolution 300). The results were expressed as gallic acid
equivalents GAE/g of the material [20].

3. CONCUSION
Use of vacuum under controlled conditions to reduce the
boiling point is the main difference between the conventional
and modernizes preparation techniques. If we consider that
the valuable ingredients in grape juice such as phenolics
may exposed to structural decomposition during the boiling
process, apparently, production of grape molasses via modern
industrial techniques might be expected to be healthier.
However, higher antioxidant potentials have been determined
in grape molasses produced traditionally comparing to the
modern industrial techniques. Thus can be concluded that
production process is not only the qualification parameter
in final products. The type of cultivar, growing conditions,
soil composition etc. should also be considered in evaluation
of the final product. On the other hand, excessive Fe and
Cu contents in some traditionally produced samples are
a concerning point for public health and the national
authority needs to increase its supervision on the traditional
production of molasses.

Total flavonoid contents (TFC) of the extracts were measured
using the method described by Samatha et al. [21]. Briefly, 0.5
ml of samples were taken in different test tubes and 2 mL of
distilled water was added followed by the addition of 0.15 mL
of sodium nitrite (5% NaNO2, w/v). After 6 min of incubation
in room temperature, 0.15 mL of AlCl3 (10% w/v) was added
followed by the addition of 2 ml of sodium hydroxide (NaOH,
4% w/v) and volume was made up to the 5 mL with distilled
water. After 15 min of incubation, the pink color absorbance
was measured at 510 nm. The TFC was expressed in mg of
rutin equivalents (RE) per gram of extract.
4.4. Determination of phenolic profile by HPLC
Each lyophilized sample (2 g) was dissolved in 10 mL of water
and extracted with 10 mL of ethyl acetate in three times.
Then, combined ethyl acetate fraction was evaporated to
dryness using rotary vapor and lyophilized. Each test solution
was prepared for HPLC analysis in the concentration of 1 mg
lyophilized extract in 1 mL of mobile phase mixture (1:1, v/v)
and filtered through 0.45 µm RC-membrane filter (Sartorius
stedim biotech) prior the analysis.

4. MATERIALS AND METHODS
4.1. Chemicals
HPLC grade methanol was obtained from Sigma-Aldrich
(St. Louis, MO, USA). The other solvents were of analytical
grade. O-phosphoric acid and ammonium acetate were from
Merck (Darmstadt, Germany). Neocuproine was from Santa
Cruz (Dallas, USA). The ultrapure water was obtained from
Millipore, Simplicity UV (Darmstadt, Germany). All other
chemicals were purchased from Sigma-Aldrich (Steinheim,
Germany).

Stock solutions of gallic acid, catechin, epigallocatechin,
quercetin, chlorogenic acid, ferulic acid, p-coumaric acid,
rutin and caffeic acid (1 mg/mL) were dissolved in methanol
and each was further diluted with methanol to prepare
standard mixtures (1-100 μg/mL) for HPLC analysis.

5.2. Materials and sample preparation

HPLC-DAD analysis was performed on an Agilent 1200
HPLC (Germany) system which connected with a diode array
detector (DAD). Samples were injected into a Zorbax Eclipse

Traditionally produced grape molasses were obtained from
Canakkale (located in the northwestern part of Turkey),
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4.5.3. Hydrogen peroxide scavenging activity
measurement

XDB-C18, 150 x 4.6 mm, 3.5 μm particle sized analytical
column. The flow rate was 1 mL/min and the column
temperature was set at 25°C. Separation of the phenols was
achieved by using gradient elution system. For this purpose,
two different mobile phases were used. Mobile phase A was
10 mM phosphoric acid solution and mobile phase B was
methanol. Gradient elution time operation system is shown
in Table 5.

Hydrogen peroxide (H2O2) scavenging potential of the
molasses samples was determined using the method
described by Jayaprakasha et al. [24]. A solution of 20 mM
hydrogen peroxide was prepared in phosphate buffer (pH
7.4) and 1 mL of extracts (10 mg/mL) were added to 2 mL of
this solution. After 10 minutes the absorbance was measured
at 230 nm against a blank solution that contained hydrogen
peroxide solution without the extract. The results were
expressed as mg ascorbic acid equivalent (AAE) per g dry
material.

Table 5. Gradient elution parameters in HPLC analysis.
Time

Mobile Phase B (%)

0

0

15

60

4.6. Trace element level measurement of samples

20

80

22

100

25

0

30

0

For digestion of samples, accurately weighed 1 g of them
was dissolved with 6 mL of nitric acid (65%) and 2 mL of
hydrogen peroxide (30%). Then the samples were dried by
increasing the temperature from 40-50 °C to 140 °C, using a
water bath heater (GFL, Germany). After dryness, the residue
was diluted to 10 mL with de-ionized water [25].

To monitor the analytes, different wavelength values were
used. These values were selected according to UV spectrum
of each material observed in the HPLC-DAD system.
p-coumaric acid was monitored at 306 nm, while gallic acid,
catechin, epigallocatechin, rutin, quercetin were monitored
at 214 nm and chlorogenic acid, caffeic acid, and ferrulic acid
at 333 nm.

Iron (Fe), copper (Cu), manganese (Mn), zinc (Zn) and
magnesium (Mg) determination in digested samples was
done by flame atomic absorption spectrometry (Analytic
Jena, Zeenit 700, Germany). The calibration curve was
plotted with standard solutions of Cu (0.35–2.80 μg/mL),
Fe (0.75–6.00 μg/mL), Mn (0.3–2.4 μg/mL), Zn (0.125–
1.00 μg/mL) and Mg (0.05-0.2 μg/mL). Suitable dilutions
were made from digested samples with triply distilled water.
The manufacturer’s application notes were used for element
measurements checking validation parameters.

4.5. Assessment of in vitro antioxidant potential
4.5.1. Total antioxidant capacity (TOAC) measurement

4.7. Element level measurement of the molasses soil

The assessment of total antioxidant capacities was performed
by using phosphomolybdenum method [22]. Briefly, 300
µL of samples were mixed with 3 mL of reagent solution
consisting of sodium phosphate monobasic, ammonium
molybdate and sulfuric acid. After 90 minutes of incubation
at 95°C, the absorbance was recorded at 695 nm. The total
antioxidant capacities were expressed as mg ascorbic acid
equivalent (AAE).

Fe and Cu contents of molasses soils which are used to balance
the pH value and to fix the turbidity during traditionally
production of molasses were analyzed by X-ray fluorescence
spectroscopy (XRF). Briefly, the soil sample was ground in
a mill (Pulverisette7, premium line, Germany) at 350 RPM
for 4 min. The ground material was mixed with cellulose
microcrystalline (Alfa Aesar, Germany) and pelleted under a
pressure of 2 t/cm2, then a direct XRF (Zetium, PANalytical,
Netherlands) analysis was carried out.

4.5.2. Cupric reducing antioxidant capacity (CUPRAC)
measurement

4.8. Statistical analysis

For the evaluation of the cupric ion reducing capacities of
the samples, equal volumes of CuSO4, neocuproine, and
ammonium acetate buffer (pH 7.0) solutions were mixed
together. Then, 0.5 mL of sample solutions was added and
the total volume was completed to 4.1 mL with water. The
samples were incubated for 1 h at room temperature and
the absorbance was recorded at 450 nm. The results were
expressed as mg ascorbic acid equivalents (AAE) [23].

The quantitative results of HPLC analyses of each sample
test solution applied in triplicate and results were expressed
as mean ± standard deviation (SD). For descriptive statistic
mean ± SD and median range were used. Mann–Whitney U
test was used to compare to independent groups medians.
These treatments were carried out by using SPSS Data Editor
(version 20.0).
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