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Sesame paste is a healthy food product obtained by washing, hulling, roasting, aeration, and
grinding of seeds. Its production method including water soaking period (6, 12, 24 h), hulling ratio
(5, 15, 35, 40, 50, 100%), roasting technique (wood fire oven, rotating drum) and grinding speed
(50, 2700 rpm), varies depending on the desired quality of the final product. In this study, the quality
of sesame paste produced using different processing parameters were evaluated based on dry matter,
ash, and oil contents, color characteristics, rheological properties, and sensory values. The dry
matter and ash content were higher in samples produced from unhulled sesame seeds with hull ratio
ranging from 35 to 100 %. The lowest oil content of 50.07% was found in a sample of sesame paste
1 (SP1), which was roasted wood fire oven using 100% unhulled imported sesame seeds. Yellowish
color in sesame paste was observed with increasing hull content of sesame seeds. The samples
followed pseudoplastic flow behavior, which had good fit to the power law model, with R? values
>0.987. The highest apparent viscosity value was obtained in samples of sesame paste 1 (SP1) and
sesame paste 2 (SP2) produced using imported sesame seeds with 100% and 40% hull ratio,
respectively. Findings in the sensory analysis revealed that producing sesame paste by roasting high

hull content seeds in wood fire oven can be a healthier option with lower oil content.
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Introduction

Sesame (Sesamum indicum L.), a member of the
Pedaliaceae plant family, is known as one of the oldest and
most important oil seeds with 50-55% oil content (Khan et
al., 2024). Sesame seeds are rich in nutrients and bioactive
compounds (Jaffar et al., 2025) and have potential in
improving glycemic control in diabetes, enhancing lipid
profiles and positive impact on cardiovascular diseases
(Jafari et al., 2025), which offers healthier food options
including oil, paste, flour, and protein products. Sesame
paste is a favorite product and basically obtained by
washing, hulling, roasting, and grinding of seeds (Yang et
al., 2025). However, sesame paste production method
varies from region to region depending on the desired
quality in the final product. Besides, the origin of the
sesame seeds in terms of wvariety, environmental
conditions, climate and genetic factors affect the quality of
sesame paste (Yang et al., 2025). Findings on the sesame
paste quality studies indicated how raw material and
processing steps affect and contribute to bioactive
properties and mineral contents (Ozcan et al., 2023),
rheological properties (Jin et al., 2022; Saatchi et al., 2022;
Zhao et al., 2025), microbiological safety (Kilci & Cetin,
2022; Yang et al, 2024a), physical and sensorial
characteristics (Gul et al., 2024; Yang et al., 2024b).
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Mostly researchers have been focused on quality
improvement by optimizing processing conditions and/or
using alternative techniques. Roasting step has a
significant impact on quality of the sesame paste since
sesame seed passes through chemical reaction and thermal
degradation during the production (Yang et al., 2025).
Some researchers reported that traditional oven roasting
enhanced the quantity and intensity of volatiles, and thus,
flavor of the sesame paste compared to microwave oven
heating (Zhang et al., 2019). Grinding is another essential
parameter affecting uniformity; thereby, stability and
rheological properties of sesame paste (Jin et al., 2022).
Moreover, researchers reported that hulling and roasting
steps reduced the antioxidant capacity of sesame seeds but
grinding enhanced antioxidants in sesame paste compared
to roasted seeds (Ozcan et al., 2023). Nevertheless, hulling
enhanced physical quality by increasing lightness,
decreasing redness and enhancing yellowness in sesame
paste (Akbulut & Coklar, 2008). In the study by Wang et
al. (2024), grinding mills were compared and ball milling
was found better alternative to colloidal milling with
smaller sizes and uniform particle distribution. Finding the
optimum grinding and roasting conditions are important
since these steps may cause oil release in sesame paste,
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which is not desired due to negative effects on rancidity
problems from exposure of oil to air and light, thereby
consumer acceptability (Zhang et al., 2019).

Viscosity is an important parameter in sesame paste,
which exhibits non-Newtonian fluid behavior with shear
thinning characteristics. Solid volume fraction is effective
on the rheological behavior of the sesame paste (Zhao et
al., 2025), which may affect the sedimentation of solids,
and thereby, oil separation (Lokumcu Altay & Ak, 2005).
According to the Akbulut & Coklar (2008), increasing
hulled sesame seed content increased the viscosity of
sesame paste regardless of temperature due to molecular
movements and interfacial film formation. Limited studies
addressed the quality changes in the sesame paste due to
different applications in the production line. In this study,
the sesame paste sample produced with different
processing parameters, including sesame seeds source
(local, imported), water soaking time (0, 6, 12, 24 h),
hulling percentage (5, 15, 35, 40, 50, 100%), roasting type
(wood fire oven, rotating drum), aeration time (0, 10, 30
min), and grinding speed (50, 2700 rpm), were collected
from sesame paste production facilities located in the
Bozkir district of Konya, Turkiye. The objective of this
study was to evaluate the effect of processing parameters

Table 1. Processing conditions of sesame paste samples

on the quality of samples based on dry matter, ash, and oil
contents, color characteristics, rheological properties, and
sensory attributes.

Materials and Methods

Sesame Paste Processing Conditions

Nine different sesame paste samples were collected
from the production line of sesame paste producing
companies in Bozkir, Konya, Tlrkiye, and their processing
conditions were listed in Table 1. Imported (Sudan) or local
(Turkiye) sesame seeds were held in water (1:1 volume
ratio) at 20°C between 6 and 24 h to enhance water
absorption and hull removal up to 5%. Sesame seeds were
roasted in a traditional wood fire oven or rotating drum
(Efor Machinary, Konya, Tirkiye) method at 130°C for 3
h, and then cooled at ambient temperature for 10 to 30 min.
After cooling process, sesame seeds were grinded in a
stone mill (Efor Machinary, Konya, Tlrkiye) under 4
different levels at 50 rpm for 30 min and filled into the
polyethylene (PE) packaging materials. No processing was
applied to sample of sesame paste 9 (SP9) except milling
at 2700 rpm for 10 min. Samples were stored at 20°C until
analysis.

Sample Sesame seeds W_ater Unhulled Roasting Aerqtion Grinding
source Soaking (h)  sesame seeds (%) method (min) (rpm)
Sesame Paste 1 (SP1) |Imported 6 100 Wood fire oven 30 50
Sesame Paste 2 (SP2) |Imported 12 40 Rotating drum 30 50
Sesame Paste 3 (SP3) |Local 24 35 Wood fire oven 10 50
Sesame Paste 4 (SP4) |Local 12 50 Rotating drum 30 50
Sesame Paste 5 (SP5) |Imported 12 15 Wood fire oven 10 50
Sesame Paste 6 (SP6) |Imported 12 15 Rotating drum 10 50
Sesame Paste 7 (SP7) |Local 24 5 Wood fire oven 10 50
Sesame Paste 8 (SP8) |Local 12 15 Rotating drum 10 50
Sesame Paste 9 (SP9) |Imported - - - - 2700

Dry Matter Content Analysis

Dry matter content of sesame paste was analyzed by
using AOAC (2000) method. Five grams of samples were
dried at 105°C in a conventional oven (ED-115 Binder
Drying and Heating Oven, Germany) until the weight of
the dried sample became constant.

Ash Content Analysis

Ash content of sesame paste was determined with
AOAC (2000) method. Two grams of samples were placed
into the porcelain crucible and burnt at 900°C for 3 hin a
muffle furnace (21KF0443 Nikleon, Ankara, Tirkiye).

Oil Content Analysis

The oil content of sesame paste was determined by
Soxhlet extraction method (AOAC, 2000) using E-500
ECE Fat Extractor (Buchi Labortechnik AG, Flawil,
Switzerland). During the extraction process, the hexane
refluxed through thimble 3 h 45 min (=20 cycles). After
extraction, the hexane was evaporated from the flask and
left the oil. Oil content of samples was reported in
percentage.

Color Analysis

A Konica Minolta Chroma Meter CM-700 (Konica
Minolta, Tokyo, Japan) was used to define color of sesame
paste by measuring L*a*b*AE color space. In this color
space, L* is the lightness that ranges from 0 to 100, and
chromatic components of a* (from green to red) and b*
(from blue to yellow) varies from -60 to 60. AE indicates
the total color difference between the sesame paste and the
reference values from the white plate provided by the
manufacturer. Chroma Meter was calibrated against a
standard white plate prior to use. During the measurements,
15 g of sesame paste was placed in a transparent
measurement beaker and the color values were recorded 3
times by randomly measuring from different locations.

Rheological Measurements

Rheological measurements of sesame paste were
carried out by using Haake Viscotester VT 550 Viscometer
(Haake Viscotester VT 550, Thermo Scientific, Germany)
fitted with a concentric cylinder geometry (SV DIN
53019/1SO 3219) (Oner, 2024). Measurements were
performed at three different temperatures (15°C, 30°C and
45°C) and the temperature was controlled by a water bath
(S200-D13, Labo Machinary, Tirkiye).
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Each analysis involved 30 measurement points of shear
stress/viscosity using stepped rates linearly from 0.1/s to
100/s.

Sesame paste data was fit to a power law model for
shear thinning behavior (Eq 1):

T= Ky" @

where T is the shear stress the (Pa), K is the consistency
coefficient (Pa.s"), n is the flow behavior index, and y is
the shear rate (1/s).

The temperature dependency of apparent viscosity of
samples was evaluated by fitting the experimental data
with an Arrhenius-type model (Eq 2) (Akbulut & Coklar,
2008; Akbulut et al., 2012):

n= Ko gEaRT )

where m is the apparent viscosity (Pa-s), Ko is the
Arrhenius constant (Pa-s), Ea is the activation energy
(kJ/mol), R is the universal gas constant (8.314 J/mol.K)
and T is the absolute temperature (K).

Sensory evaluation

Sensory attributes of samples including color,
aroma/odor, viscosity, appearance, and overall acceptance
were evaluated by a semi-trained 30 panelists consisting of
students, professors and personnel of Alanya Alaaddin
Keykubat University (Alanya/Antalya, Tlrkiye). Panelists
were exposed to 30 min training with high quality samples
at the beginning of the evaluation. They were informed
regarding the usage of hedonic scale evaluation of the
samples based on the criteria. Nine different samples of
sesame paste were evaluated by using a nine-point hedonic
rating scale (1=dislike extremely to 9=like extremely)
(Meilgaard et al., 2015). Samples were randomly coded
and served to sensory panelists in transparent boxes with
crackers and water. In order to prevent interaction effects,
samples were divided into three groups with three samples
in each one. In addition, panelists were asked to rank coded
sample in the order from most acceptance to least
acceptance for consumer ranking test.

Statistical analysis

The results of the analyses were presented as mean *
standard deviation and the experiments were performed by
two replications in triplicate. One-way analysis of variance
(ANOVA) was performed with JMP (ver. 13.0, SAS
Institute, Cary, N.C.) package program at 95% confidence
level. Tukey's Multiple Range Test (Tukey's Multiple
Range Test) was applied to determine the differences
between the samples.

Results and Discussion

Physicochemical Properties

The dry matter, ash and oil content of sesame paste
processed using different parameters were shown in Table
2. The minimum recommended dry matter content for
sesame paste is 98.5%, because higher moisture content
can stimulate microbial growth and affect the texture of the
product negatively (Kilci & Cetin, 2022). The dry matter
content of the samples was ranging from 98.87 to 99.65 %

and mostly higher values were obtained in samples
produced from unhulled sesame seeds (SP1, SP2, SP3, and
SP4) with hull ratio ranging from 35 % to 100 %.
According to the results of analysis, decreasing hull
content to 15% or lower, decreased the dry matter content
significantly in SP5, SP7, SP8 and SP9 samples (p<0.05).
From these samples, the lowest dry matter content was
determined in the SP9 sample, which was produced from
100 % hulled sesame seeds and only passed through
grinding process (p<0.05). Processing parameters alone or
in combination may affect the quality of sesame paste;
however, preliminary studies by Jin et al. (2022) revealed
that paste retains the components of seeds after grinding;
therefore, no significant difference was observed in dry
matter and oil content of samples.

Ash content was higher in sesame paste samples (SP1,
SP2, SP3, SP4) produced from high unhulled sesame seeds
compared to other samples (p<0.05). In the current study,
the highest ash content with 4.16 % was determined in SP1
sample which was produced from 100 % unhulled sesame
seeds by soaking in water 6 h and roasting in wood fire
oven (p<0.05), whereas no significant difference was
observed between SP1, SP2 and SP4 samples (p>0.05). In
the current study, ash content of the samples was ranging
from 2.59% to 4.16% and these results were consistent
with the findings by Akbulut & Coklar (2008) in which ash
content of sesame paste produced from hulled and unhulled
sesame seeds were 2.78 % and 4.12 %, respectively.
Besides, the origin of sesame seeds, their growing
conditions and environmental factors are also effective on
moisture content and ash content of the sesame paste (Hou
et al., 2018). No significant difference was observed in ash
content of samples (SP5, SP6, SP7, SP8, SP9) passed
through hulling process higher than 85 % (p>0.05). It is
worth noting that processing parameters other than hull
ratio were also effective on ash content (Sdiq et al., 2025).

When the effect of different processing parameters on
the oil content of sesame paste samples were examined, the
highest oil content of 63.99% was found in SP8, which was
roasted in a rotary drum using 15% unhulled local sesame
seeds and the lowest oil content of 50.07% was found in
SP1, which was wood fire oven roasted using 100%
unhulled imported sesame seeds (p<0.05). When
comparing samples based on hull content, the oil content
increased as the hull ratio decreased and the lowest oil
content was determined in SP1 sample produced from 100
% unhulled imported seeds. With regard to the value of SP9
sample produced from hulled sesame seeds, only grinding at
2700 rpm increased the oil content significantly (p<0.05).
Furthermore, the oil content of sesame paste produced from
sesame seeds roasted in a rotary drum (SP2, SP4) was found
higher than the samples produced from sesame seeds roasted
by wood fire oven (SP1, SP3). It is important to highlight
that type of sesame seeds (Hou et al., 2018) and their hulling
ratio and roasting process (Akbulut & Coklar, 2008) were
essential to oil content of sesame paste.

The color values of sesame paste processed using
different parameters were shown in Table 3. When the
color values of the nine samples was examined, the lightest
color with L* value of 61.30 was in SP9 sample, which was
only milled at 2700 rpm. In SP9 sample, grinding speed
was higher than other samples and there was no other
treatment applied.
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Table 2. Dry matter, ash and oil content of sesame paste samples

Sample* Dry Matter Content (%) Ash Content (%) Qil Content (%)
SP1 99.63+0.04ab 4.16+0.30a 50.07+0.22¢
SP2 99.64+0.01ab 3.95+0.15ab 53.67+0.26d
SP3 99.48+0.02bc 3.25+0.38bcd 59.79+0.86¢
SP4 99.61+0.01ab 3.74+0.05abc 60.68+0.28bc
SP5 99.35+0.02¢ 3.06+0.09cd 59.58+0.28¢
SP6 99.65+0.04a 3.18+0.35cd 55.34+0.48d
SP7 99.32+0.04c 3.01+0.14d 62.31+0.04ab
SP8 99.12+0.07d 3.07£0.33cd 63.99+0.66a
SP9 98.87+0.07e 2.59+0.48d 59.98+0.10c

*Data in the same column followed by the same letter are not significantly different (p > 0.05).
Table 3. Colour values of sesame paste samples

Sample* L* a* b* AE
SP1 46.96+0.16e 6.37+0.05h 19.48+0.09f 30.45+0.16f
SP2 44.24+0.149 6.43+0.02g 18.55+0.09h 27.87+0.16h
SP3 46.84+0.05e 8.07+0.04d 21.72+0.05d 32.21+0.06e
SP4 40.36x0.04h 9.05+0.02a 19.41+0.06f 26.63+0.07i
SP5 51.98+0.05h 8.54+0.05b 25.04+0.06a 38.18+0.07b
SP6 50.00+0.08d 7.58+0.02e 23.18+0.08c 35.33+0.10d
SP7 50.71+0.22c 8.47+0.02¢c 23.86+0.11b 36.47+0.23c
SP8 45.71+1.67f 7.02+0.52f 20.53+1.13e 30.37+2.069
SP9 61.30+5.66a 2.44+1.55i 18.83+0.469 41.73+4.23a

*Data in the same column followed by the same letter are not significantly different (p > 0.05).

Therefore, the large amount of small and free particles
in sample increased the surface area of the sesame paste,
allowing them to reflect more lights and results in color
changes (Jin et al., 2022; Pekmez et al., 2025). The SP4
sample had the darkest color with L* value of 40.36; the
reason for the dark color in SP4 sample is that local sesame
seeds were darker than imported seeds and it was produced
from sesame seeds containing 50 % hulls. The a* value
indicating redness ranged from 6.37 to 9.05 in samples
SP1, SP2, SP3, and SP4, while ranged from 7.02 to 8.54 in
samples SP5, SP6, SP7, and SP8. The highest a* value and
thereby reddish color was detected in the SP4 sample
(p<0.05), which was obtained by roasting and grinding
local sesame seeds with a high hull ratio (50%) in a rotary
drum. The b* value indicating yellowness ranged from
18.55 to 25.04 in all sesame paste samples. The b* values
for the samples with lower hull content SP5, SP6, and SP7
were 25.04, 23.18, and 23.86, respectively, indicating a
more yellowish color compared the other samples
(p<0.05). A notable difference was observed in color
values with increasing hull content of sesame seeds as in
studies by (Ciftci et al., 2008; Akbulut & Coklar, 2008).
The SP5 sample with the yellowest color was obtained by
roasting and grinding imported sesame seeds with an 85%
hulling rate roasted in a wood fire oven. It is worth noting
that the higher b* value; and thereby, a more yellow
product was observed in sesame paste with lower hull
content. The highest AE (total color difference) value was
observed in the SP9 sample at 41.73, while the lowest was
observed in the SP4 sample at 26.63. When comparing the
samples made from more than 35% unhulled sesame seeds,
the AE values of the SP1 (30.45) and SP3 (32.21) produced
from sesame seeds roasted in a wood fire oven were higher
than SP2 (27.87) and SP4 (26.63) samples roasted in a
rotary drum, indicating the roasting method affected the
total color difference significantly. The AE values of SP5

(38.18) and SP7 (36.47) roasted in a wood fire oven were
higher than SP6 (35.33) and SP8 (30.37). Furthermore, the
AE value of samples produced from unhulled sesame seeds
with less than 15 % (SP5, SP6, SP7, SP8, SP9) was higher
than samples produced from unhulled sesame seeds higher
than 85 % (SP1, SP2, SP3, SP4) due to the effect of sesame
seed hull ratio on color. Results were indicating the
difference in color values might be sue to the factors
including origin of sesame seeds, hull ratio, roasting
method and variability in particle size during grinding
(Pekmez et al., 2025).

Rheological Properties

The rheological characteristics of nine sesame paste
samples processed using different parameters at 15, 30, 45
°C were shown in Figure 1. Non-Newtonian behavior and
shear thinning characteristics was observed in sesame paste
samples. Similar flow behavior had been determined in
other studies related to the rheological characterization of
sesame paste (Jin et al., 2022; Zhao et al., 2025). The
highest shear stress value was obtained in SP1 and SP2
samples at 15, 30, 45 °C reaching up to 400 Pa. Whilst, the
lowest shear stress was determined in the SP4 and SP8
sample with a 50 % and 15 % hull ratio, respectively,
produced from local sesame seeds and roasted in a rotary
drum. The shear stress values were higher in samples
produced from imported seeds (SP1, SP2, SP5, SP6, SP9)
compared to samples produced from local seeds (SP3, SP4,
SP7, SP8) at all temperatures, indicating origin of the
sesame seed as a raw material was effective on rheological
property of sesame paste.

The rheological properties of sesame paste samples
were determined by measuring the shear stress (z) against
shear rate (y) using the power law model. The flow
behavior index (n), consistency coefficient (K), and
coefficient of determination (R?) were shown in Table 4.
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Figure 1. Rheological properties of sesame paste samples
at 15, 30 and 45 °C

The n values of the sesame paste samples were less than
1, which were changing between 0.77+0.03 and 0.84+0.03
at 15°C, 0.73+0.06 and 0.82+0.01 at 30°C, 0.67+0.03 and
0.81+0.01 at 45°C, indicating the samples exhibited non-
Newtonian flow behavior. The lower n value, the further
deviate from Newtonian flow behavior. Indeed, some
researchers reported that sesame paste exhibited non-
Newtonian characteristics and pseudoplastic behavior
(shear-thinning) (Akbulut & Coklar, 2008; Gul et al.,
2024). Throughout the sesame paste samples, the highest
K value was 8.90+0.14 at 15°C, 4.50+0.18 at 30°C and
2.98+0.83 at 45°C for SP1 sample produced from 100%
unhulled imported sesame seeds. At all temperatures, there
was no significant difference observed in the K values of
the SP5 and SP6 samples, which were produced from
imported sesame seeds with a 15% hull ratio, showing
usage of either wood fire oven or rotary drum for roasting
under same conditions did not affect the K value and
thereby viscosity. In samples produced from imported
sesame seeds, when SP1 and SP2 were compared to SP5
and SP6, a significant decrease in the K values was
observed with a decrease in the hull ratio. It is important to
highlight that low K value means thinner texture in the
sesame paste (Jin et al., 2022) and the hull ratio affects the
viscosity of the samples. For instance, when SP1 and SP4
samples were compared, decreasing hull ratio from 100 %
to 50 % decreased K value from 8.90+0.14 to 3.30+0.42 at
15°C, 4.50+0.18 to 1.60+0.25 at 30°C and 2.98+0.83 to
1.40+0.14 at 45°C. These findings confirm that hull ratio

and temperature affected the flow characteristics of sesame
paste, which might have benefits in food processing
applications by providing sample with lower viscosity
(Pekmez et al., 2025).

The changes in the viscosity of sesame paste samples at
three different temperatures (15°C, 30°C, 45°C) and shear
rates (1, 10, 100 s™') were shown in Table 5. As the shear
rate increased, the viscosity of sesame paste samples
gradually decreased, showing shear thinning behavior of
non-Newtonian fluids. At the shear rate of 1 s, viscosity
remained relatively high, especially samples with high hull
ratio. These results were consistent with the study by Zhao
et al. (2025). The highest viscosity was obtained in SP1 and
SP2, which were produced using imported sesame seeds
with 100% and 40% hull ratio, respectively, at all shear rates
and temperatures (p<0.05). Furthermore, increasing
temperature decreased the viscosity of sesame paste. For
instance, viscosity of SP1 sample decreased from 5.72+0.22
to 1.97+0.25 Pa.s at 15°C, 4.69+0.14 t01.49+0.12 Pa.s at
30°C and 3.44+0.03 to 0.97+0.02 Pa.s at 45°C at the shear
rate of 1, 10, and 100 /s, respectively. Additionally, SP3
produced from 35 % unhulled local sesame seeds and
roasted in wood fire oven, showed a higher viscosity
compared to SP4 sample produced from 50 % local seeds
roasted in a rotary drum. Furthermore, higher viscosity was
observed in the SP1 and SP2 samples produced from
imported seeds with a 100 and 40 % hull ratio than the SP3
and SP4 samples produced from local sesame seeds with 35
and %50 hull ratio (p<0.05). Similarly, the SP5 and SP6
samples made of 15 % unhulled imported sesame seeds had
higher viscosity than SP7 and SP8 samples made of 5 to 15
% unhulled local sesame seeds (p<0.05). According to the
analysis, source of the raw material was essential in viscosity
(Akbulut & Coklar, 2008).

Many researchers demonstrated the effect of
temperature on flow behavior of sesame paste by the
Arrhenius relationship (Akbulut & Coklar, 2008; Tomruk
et al., 2018; Pekmez et al., 2025). The Arrhenius constant
(Ko) and activation energy (E.) obtained using the
Arrhenius equation at different shear rates for sesame paste
samples were shown in Table 6. The K, value for shear
rates of 1, 10, and 100 /s was ranging from 5.84x10 to
7.53x10 Pa.s, 1.07x10% to 4.60x10% Pa.s, 6.06x107°¢ to
1.54x107¢ Pa.s, respectively. The E, values were changing
from 18.84+0.40 to 30.65+1.41 kJ/mol, 23.03+0.18 to
31.48+0.71 kJ/mol, 30.28+0.78 to 32.97+0.85 kJ/mol at the
shear rate of 1, 10 and 100 s, respectively. The reason of
high coefficient of determination (R?) was the viscosity of
the sesame paste samples showed compliance with
Arrhenius-type behavior in relation to temperature. With
regard to the E,, higher values were obtained at higher
shear rate. Preliminary studies by (Pekmez et al., 2025)
revealed that increasing particle size in sesame paste
increased E,. In the study, (Akbulut & Coklar, 2008)
reported E, values of sesame paste samples decreased from
24,920.38 to 17,865.95 J/mol when produced from 0 and
100% unhulled sesame seed, respectively, showing the
efficacy of hull ratio on activation energy. In other study,
(Tomruk et al., 2018) found increasing sugar concentration
increased the E, value of the sesame paste. In the currents
study, the highest E, at shear rates of 1, 10, and 100 /s was
determined in SP2 sample produced from 40% unhulled
sesame seeds roasted in a rotary drum.
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Table 4. Flow behavior rheological properties of sesame paste samples at 15, 30 and 45 °C Power Law Model

15°C
Sample K N RZ

SP1 8.90+0.14aA 0.78+0.00bcA 0.998
SP2 7.76+0.82bA 0.84+0.03aA 0.999
SP3 3.45+0.17dA 0.82+0.01abA 0.996
SP4 3.30+0.42dA 0.77+0.03cA 0.993
SP5 5.31+0.33cA 0.82+0.01abA 0.997
SP6 5.66+0.49cA 0.84+0.02aA 0.999
SP7 3.88+0.47dA 0.80+0.03abcA 0.995
SP8 3.10+0.02dA 0.79+0.00bcA 0.994
SP9 5.91+0.41cA 0.79+0.02bcA 0.996

30°C
SP1 4.50+0.18aB 0.76+0.01abA 0.994
SP2 4.22+0.05abB 0.80+0.01abA 0.998
SP3 2.52+0.31defA 0.74+0.03abA 0.991
SP4 1.60+0.25fB 0.77+0.04abA 0.995
SP5 2.88+0.43cdeB 0.80+0.04abA 0.994
SP6 3.47+0.28bcdB 0.79+0.02abA 0.996
SP7 1.88+0.07fB 0.82+0.01aA 0.996
SP8 2.05+0.48¢efB 0.73+0.06bA 0.992
SP9 3.66+1.02abcAB 0.75+0.07abA 0.991

45°C
SP1 2.98+0.83aB 0.74+0.06abA 0.992
SP2 2.35+0.20abcC 0.81+0.01aA 0.997
SP3 1.85+0.88abcA 0.69+0.12abA 0.987
SP4 1.40+0.14bcB 0.67+0.03bA 0.987
SP5 1.66+0.21bcC 0.80+0.04abA 0.996
SP6 2.20+0.41abcB 0.76+0.04abA 0.994
SP7 1.29+0.00cB 0.76+0.01abA 0.997
SP8 1.47+0.08bcB 0.68+0.02bA 0.996
SP9 2.46+0.78abB 0.71+0.07abA 0.989

* Data in the same column followed by the same lower-case letters and in the same row followed by the same upper-case letters for same samples are
not significantly different (p > 0.05); **Viscosity reported at a predicted shear rate-based power law model for shear thinning behavior: Ky, where is

shear stress (Pa), K is consistency coefficient (Pa.s"), n is flow behavior index, and y is shear rate (/s).

Table 5. Viscosity of sesame pastes samples at different temperatures with shear rate (y) of 1, 10, 100 /s.

Viscosity (Pa.s) at 1/s

Sample 15°C 30°C 25°C
SP1 5.72+0.22aA 3.03+0.15aB 1.97+0.25aC
SP2 5.82+0.36aA 2.80+0.48abB 1.68+0.11abC
SP3 2.63+0.20dA 1.39+0.09dB 1.02+0.18deC
SP4 1.96+0.17dA 1.08+0.10dB 0.80%0.06eC
SP5 3.62+0.40cA 2.21+0.06cB 1.20+0.12cdC
SP6 4.39+0.60bA 2.3740.04bcB 1.35+0.13bcC
SP7 2.53+0.27dA 1.27+0.11dB 0.79+0.11eC
SP8 1.93+0.09dA 1.22+0.18dB 0.91+0.04deC
SP9 4,13+0.10bcA 2.21+0.27cB 1.39+0.12bcC
Viscosity (Pa.s) at 10/s
SP1 4.69+0.14aA 2.41+0.16aB 1.49+0.12aC
SP2 5.04+0.18aA 2.43+0.15aB 1.43+£0.10aC
SP3 2.17+0.07dA 1.15+0.08cB 0.77+0.08cC
SP4 1.67+0.11deA 0.89+0.07dB 0.60+0.02dC
SP5 3.11+£0.21cA 1.77+0.03bB 0.99+0.06bC
SP6 3.82+0.34bA 1.96+0.07bB 1.13+0.05bC
SP7 2.20+0.10dA 1.0940.10cdB 0.64+0.04cdC
SP8 1.62+0.08eA 0.96+0.07cdB 0.65+0.04cdC
SP9 3.67+£0.48bA 1.75+0.10bB 1.07+0.06bC
Viscosity (Pa.s) at 100/s
SP1 3.44+0.03bA 1.70+0.02bB 0.97+0.02bC
SP2 3.85+0.07aA 1.91+0.06aB 1.03+0.02aC
SP3 1.62+0.03eA 0.85+0.01eB 0.48+0.01eC
SP4 1.27+0.03fA 0.62+0.01fB 0.36+0.01fC
SP5 2.48+0.01dA 1.25+0.03dB 0.72+0.02dC
SP6 2.86+0.06cA 1.43+0.03cB 0.84+0.02cC
SP7 1.69+0.02eA 0.85%+0.01eB 0.46%0.01eC
SP8 1.28+0.04fA 0.68+0.02fB 0.37+0.01fC
SP9 2.48+0.02dA 1.28+0.03dB 0.70+0.00dC

Data in the same column followed by the same lower-case letters and in the same row followed by the same upper-case letters are not significantly

different (p > 0.05).
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Table 6. Arrhenius equation parameters for sesame paste at a shear rate of 1, 10, 100 /s**

Samples* Shear rate: 1/s
Ko (Pa.s) Ea (kJ/mol) R?
SP1 6.79x10°%+7.07x10%bc 26.58+0.71d 0.993
SP2 1.02x10%+1.13x10°7¢c 30.65+1.41a 0.995
SP3 1.02x10%4+1.06x10%p 23.90+0.42¢ 0.974
SP4 1.24x10%4+1.84x10%h 22.17+0.92¢ 0.975
SP5 2.77x10%+7.07x10%c 27.28+0.85cd 0.992
SP6 1.41x107%5+3.54x10%c 29.25+0.92ab 0.999
SP7 7.53x107%6+3,54x10-%c 29.02+0.99abc 0.994
SP8 5.84x10%+8.49%10-%a 18.84+0.40f 0.991
SP9 3.30x10°%+7.07x10-%c 27.33+0.57bcd 0.997
Shear rate: 10/s
SP1 2.35x107%5+1.27x10%c 28.99+0.14b 0.996
SP2 7.70x10°%+1.41x10de 31.48+0.71a 0.996
SP3 3.30x10°%+3.54%x10%p 26.02+0.64c 0.990
SP4 2.38x10°%5+7.07x10%c 25.94+0.35¢ 0.991
SP5 1.59x105+2.83x10%cd 28.21+0.99b 0.999
SP6 8.74x10°%+2.62x10de 30.61+0.59a 0.999
SP7 4.60%x10°%+1.41x107¢ 30.67+0.78a 0.997
SP8 1.07x10°%4+8.49x10%3 23.03+0.18d 0.996
SP9 7.06x10%+1,41x10%e 30.84+0.85a 0.993
Shear rate: 100/s
SP1 5.57x10%+5,66x107a 31.61+0.64abcd 0.998
SP2 3.28x10°%+2,12x10%7d 32.97+0.85a 0.999
SP3 4.16%x10°%+4.24x10%pc 30.28+0.78d 0.999
SP4 1.54x107%6+3.54x100f 31.81+0.57abcd 0.997
SP5 4.44x10°%+3,54%x10%p 30.82+0.99cd 0.999
SP6 6.06x107%+4,95%10-%83 30.95+0.40cd 0.998
SP7 1.63x10%6+1.48x1007f 32.62+0.55ab 0.999
SP8 2.29x10%+1,56x10¢ 31.12+0.99bcd 0.999
SP9 3.70x10%+2,05x10cd 31.97+0.07abc 0.999

*Data in the same column followed by the same letter are not significantly different (p > 0.05), **K, is the Arrhenius constant, E, is the activation

energy, and R? is the coefficient of determination.

In addition, no significant difference was observed in
E. value of SP3 and SP4 samples at all shear rates (p>0.05).
Furthermore, E, value of SP9 sample was 27.33+0.57
kJ/mol, 30.84+0.85 kJ/mol, 31.97+0.07 at shear rates of 1,
10, and 100 /s, respectively, in which samples were grinded
at 2700 rpm only.

Sensory Properties

Sensorial characteristic of sesame paste is essential in
consumer selection. The sensory quality of nine sesame
paste samples were evaluated based on consumer
preference was shown in Figure 2. The SP1 sample, which
was produced from 100% imported unhulled sesame seeds
and roasted in wood fire oven, had the highest score in all
sensory properties. This might be due to roasting type
which gave distinct aroma (Berenshtein et al., 2024) and
usage of 100% unhulled seeds since hulling process
reduces antioxidant properties (Abib et al., 2023) and
thereby sensorial characteristics. Whereas, similar results
were obtained in the SP2, SP6, and SP7 samples compared
to SP1 (p>0.05). The lowest score in all sensory properties
except viscosity was observed in SP9, which was grinded
at 2700 rpm only (p<0.05). Mostly sensorial observations
of color and viscosity values were consistent with the color
measurements and rheological analysis. According to the
color measurements, lighter color was determined in SP6,

which received low score in color and appearance. Mostly
the sesame paste with a brownish-yellow color and
distinctive aroma and viscosity received the highest overall
acceptance as in other studies by Hou et al. (2018). The
SP2 was identified as the most viscous in the sensory
analysis, which was also found to have the highest
viscosity at different shear rates (1/s, 10/s, 100/s) at 15°C.
Although the SP1 and SP7 samples were the most preferred
in terms of appearance, similar results were obtained for
the SP2, SP3, and SP6 samples (p>0.05).

The consumer ranking test for nine sesame paste
samples produced using different processing parameters
was illustrated in Figure 3. The preferred samples were
SP6, SP3 and SP1 with ranking scores of 18.91%, 16.21%,
and 14.2%, respectively. The sesame paste market
generally offers products produced by traditional methods
using hulled sesame seeds (Akbulut & Coklar, 2008). For
this reason, the most preferred sesame paste was SP6,
which was produced from imported sesame seeds with a
15% hull ratio and roasted in a rotary drum, the most
resembles the sesame paste produced using traditional
methods. This result is consistent with the overall
acceptance assessment. The SP1, SP3, and SP4 samples
were produced from seeds which had more than 35 % hull
ratio. The results showed that a higher hull content
influences consumer preference positively.
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Figure 2. Consumer acceptance test for sensory evaluation Figure 3. Consumer ranking test for sensory evaluation of

of sesame paste samples
Conclusion

The lowest dry matter content was obtained in samples
of SP5, SP7, SP8 and SP9 due to decrease in hull content to
15% or lower. The SP1 sample had the highest ash content,
which was produced from 100 % unhulled sesame seeds by
soaking in water 6 h and roasting in wood fire oven;
however, no significant difference was observed between
SP1, SP2 and SP4 samples. The lightest color was found in
SP9 sample, which was milled at 2700 rpm without roasting
process. The highest oil content with 63.99% was in SP8
sample produced by roasting 15% unhulled local sesame
seeds in a rotary drum and the lowest oil content with
50.07% was in SP1 made of wood fire oven roasted 100%
unhulled imported sesame seeds. Sesame paste samples
exhibited non-Newtonian characteristics and shear-thinning
behavior. The highest K value was 8.90+0.14 at 15°C,
4.5040.18 at 30°C and 2.98+0.83 at 45°C for SP1 sample
produced from 100% unhulled imported sesame seeds,
indicating the hull ratio affects the viscosity of the samples.
When SP1 and SP4 samples were compared, decreasing hull
ratio from 100 % to 50 % decreased K value from 8.90+0.14
to 3.30+0.42 at 15°C, 4.50+0.18 to 1.60+0.25 at 30°C and
2.98+0.83 to 1.40+0.14 at 45°C. The high coefficient of
determination (R?) indicated the viscosity of the sesame
paste samples showed compliance with Arrhenius-type
behavior in relation to temperature. With the highest ash
content and lowest oil content, the SP1 sample produced
from 100% imported unhulled sesame seeds and roasted in
wood fire oven had the highest score in all sensory
properties, which can be the best processing option for the
sesame paste product.
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