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In this study, a rapid and environmentally friendly ultrasound-assisted extraction method was 
investigated as an efficient alternative to the conventional soxhlet extraction using n-hexane for 
obtaining sumac oil. This study aimed to evaluate the fatty acid profile, DPPH-Radical scavenging 
activity, total phenolic, α-tocopherol and free fatty acid (FFA) content and refractive index of sumac 
oil samples which were obtained by soxhlet extraction and ultrasound assisted extraction. It was 
determined that the major fatty acids of sumac oil produced by soxhlet extraction were oleic acid 
(52.97%), linoleic acid (14.10%) and palmitic acid (29.00%). It was also stated that the major fatty 
acids of sumac oil by ultrasound assisted extraction were oleic acid (50.06%), linoleic acid (19.27%) 
and palmitic acid (26.86%). Total phenolic content (TPC) was determined as 0.834 mg GAE/g oil 
in sumac oil produced by the ultrasound extraction, and 1.035 mg GAE/g oil in sumac oil produced 
by the soxhlet extraction. DPPH-Radical scavenging activity was found to be 89.84% in sumac oil 
produced by ultrasound extraction and 88.76% in sumac oil produced by soxhlet extraction. The 
amounts of α-tocopherol were determined as 216 mg/kg oil in sumac oil produced by the ultrasound 
extraction and 300 mg/kg oil in sumac oil produced by the soxhlet extraction.  
 

 
Keywords: 
Sumac oil 
Soxhlet 
Ultrasound 
Fatty Acid Composition 
α-Tocopherol  
 

 
a  dr.pinargumus@gmail.com  https://orcid.org/0000-0003-4085-9859      

 
 This work is licensed under Creative Commons Attribution 4.0 International License 

 
 
 

Introduction 

Rhus coriaria L. is locally known as sumac that is the 
only species of rhus in Türkiye and medicinal and 
perennial wild plant belonging to the Anacardiaceae 
family. These plants reach to 3–4 m in height. These plants 
are mostly found in tropic and temperate areas. Mature 
fruits are reddish-brown in color and contain one seed 
(Çiftci Yegin, 2017; Karadaş et al., 2020; Yılmaz et al., 
2020; Akay et al., 2023). Sumac traditionally used as a 
flavoring agent, is widespread in Iran, Lebanon, Jordan, 
Syria and Türkiye including the Mediterranean, Aegean, 
Southeastern Anatolia, Northern Anatolia, Thrace and 
Central Anatolia regions. Sumac that is frequently 
consumed as a spice in Anatolian cuisine, is preferred in 
traditional medicine due to its superior and versatile 
attributes. Recently, the use of sumac has been improving 
in the pharmaceutical and food industry (Çiftçi Yegin, 
2017, Akay et al., 2023, Yüksel and Kaplan İnce, 2023). 
Sumac plant contains many compounds like essential oils, 
organic acids, minerals, vitamins proteins and phenolics. 
Different sections of this plant are a plentiful source of 
tannins, phenolic acids, anthocyanins, gallic acid 
derivatives, flavonoid glycosides. Sumac extracts and 

isolates, rich in tannins, are known for improving food 
quality. Some polyphenols and essential oil components in 
sumac are responsible for its distinctive flavor and 
antimicrobial activity. Rhus coriaria is a strong and 
important source of antioxidants as it is rich in phenolic 
compounds, gallic acid and its derivatives. The fact that 
sumac is rich in oil and Fatty acids (FAs) makes them more 
resistant to oxidation and can be stored for a long time 
(Karadaş et al., 2020; Yılmaz et al., 2020; Akay et al., 
2023). Vegetable oils play a crucial role in human nutrition 
by providing lipids and valuable nutrients like fat-soluble 
vitamins, particularly tocopherols (Gumus et al., 2023). 
The physical and chemical features of oils are determined 
by their fatty acid compositions. In terms of fatty acid 
components, sumac oil contains a high percentage of oleic 
acid, but also linoleic and palmitic FAs. Since sumac oil 
has a high MUFA content, it is high tolerant to oxidation 
and can be stored for longer periods of time. Recently, 
consumer demand for natural and safe food products has 
been rising, along with a growing interest in the 
consumption of healthy oils (Gumus et al., 2020; Gökşen 
and Gümüş, 2021). Studies have shown that especially the 
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high amount of oleic acid has positive effects on the shelf 
life of the oil, oxidation stability and human health. 
Therefore, it is expected that the utilization of sumac oil in 
the diet can contribute to a nutritious and healthy diet 
(Karadaş, 2019; Karadaş et al., 2020). Soxhlet extraction is 
a traditional method, while ultrasound-assisted extraction 
is a modern technique (Islam et al., 2023). Soxhlet 
extraction is a well-established and extensively applied 
technique (Cetinkaya et al., 2025). The ultrasonic 
technique is a type of green extraction technology applied 
for obtaining valuable oils from oilseeds (Junaid et al., 
2023). In this study, ultrasound-assisted extraction method 
was investigated as an efficient alternative to the 
conventional soxhlet extraction using n-hexane for 
obtaining sumac oil. The objective of this study was to 
compare the fatty acid profile, α-tocopherol content, 
antioxidant activity, refractive index, total phenolic and 
FFA content of sumac oil obtained by soxhlet and 
ultrasound-assisted extraction methods. 
 
Material and Methods 

 
Materials  
Sumac was supplied from local market. Sumac oil 

samples obtained from extraction were stored in brown 
glass bottles in a refrigerator at +4 ºC. Sumac products 
were ground with a household blender. 

 
Soxhlet Extraction 
Soxhlet Extraction was conducted according to the 

method described in previous study with some 
modifications (Karadaş, 2019). The glass balloons were 
kept in the oven at 105±2 ºC for 2 hours to reach a constant 
weight, and when they reached room temperature in the 
desiccator, the tares of the balloons would be taken. After 
grinding, 10 g ground seed samples were weighed, placed 
on coarse filter paper and placed in the soxhlet instrument 
(SER 148, Velp Scientifica RS-232, China). Extraction 
was conducted at 130 °C for a duration of 3 hours. n-
Hexane was used as the solvent. As a result of the analysis, 
the solvent was evaporated and removed from the 
environment.  

 
Ultrasound Assisted Extraction 
Ultrasound Assisted Extraction was conducted 

according to the method described in previous study with 
some modifications (Arslan Tontul et al., 2018). Oil 
Extraction was carried out using an ultrasonic water bath 
(RK 103H, Bandelin, Berlin, Germany). Approximately 10 
g of the ground seed samples were weighed into screw-
capped glass bottles and n-Hexane was used as the solvent. 
Oil samples was extracted by placing them in a water bath 
filled with pure water. Extraction was conducted at 70 °C 
for a duration of 30 min. After extraction, the solid phase 
was separated by transferring the samples to the centrifuge 
tube and centrifuging for 5 minutes at a rotation speed of 
7500 rpm. The upper phase separated by centrifuge, hexane 
was evaporated and sumac oil was separated. 

 
Free Fatty Acid 
Oil samples was weighed in an erlen flask, then ethanol 

and phenolphthalein indicator were added, then titrated 
with NaOH. The sample amount, alcohol and alkali 

concentration vary depending on the FFA levels in the oil 
(Table 1) (AOCS, 1998). FFA concentrations was 
calculated from the formula below (1) V = titrated ml 
NaOH, N = normality of NaOH solution, M = weight of 
sample (g), F = equivalent weight of FFA. The equivalent 
weight of FFA is calculated using oleic acid and equivalent 
weight = 282 (Gumus et al., 2022). 

 
% 𝐹𝐹𝐹𝐹𝐹𝐹 = (𝑉𝑉 × 𝑁𝑁 × 𝐹𝐹 × 100)/(𝑀𝑀 × 1000)    (1) 
 
Refractive Index  
The refractive index of sumac oil samples was 

determined by placing 2-3 drops of oil sample on the prism 
using Abbe type refractometer (Soif Optical Instruments, 
China). The process was carried out at room temperature 
(Gümüş and Erol, 2023). 

 
DPPH Radical Scavenging Activity 
100 μL of the samples were mixed with 3.9 mL of the 

DPPH solution and stirred using a vortex. The mixtures 
were incubated in darkness at room temperature for a 
duration of 2 hours. Absorbance was read at 515 nm. The 
inhibition of DPPH was evaluated as percent from the 
formula below (2).  

 
I% = [(Ablank − Asample)/Ablank] × 100        (2) 
 
Ablank is the abs of the control and Asample is the abs of 

the sample extract (Huang et al., 2005; Yılmaz, 2011). 
 
Total Phenolic Content 
The methanolic extract (0.5 mL), 10% Folin-

Ciocalteu’s reagent (2.5 mL) and 7.5% NaHCO3 (2.5 mL) 
were mixed. The mixtures were kept in a water bath at 
45°C for a duration of 45 min. Absorbance was detected at 
765 nm by a UV-VIS spectrophotometer (Biochrom, Libra 
S60, England). It was shown as mg gallic acid equivalents 
per g (Stanković, 2011). 

 
Fatty Acid Composition 
0.1 g of the oils were weighed and dissolved in 10 ml 

hexane, then 0.5 mL of 2 M methanol KOH solution was 
added, mixed thoroughly and then kept in the dark for 2 
hours. After waiting, the hexane phase was transferred to 
the vials and analysis was performed. The analyses carried 
out by an Agilent GC-MS/MS (7890B GC -7010B MS) 
with an autosampler (Gerstel, Germany) with a flame 
ionization detector and a capillary Agilent J&amp; W DB-
WAX column (60 m x 0.25 µm x 0.25 µm) The oven was 
maintained at 50 °C for 1 min, enhanced to 200 °C at a rate 
of 25 °C/min held for 10 min and then to 230 °C at a rate 
of 3 °C/min held this temperature for 18 min. Temperature 
of the injector and detector 250 °C and 300 °C were set. 
The sample size: 1µl and the flow rate: 1mL/min. The split 
ratio: 1:40. In order to identify fatty acids, the standard 37-
component FAME mixture was utilized (AOCS,1989a).  

 
α-Tocopherol Content 
In the study, Shimadzu Nexera X2 model high-

performance liquid chromatograph with PDA detector was 
used. HPLC-PDA analyzes were carried out according to 
the methods (Kelebek and Selli, 2011; AOCS 1989b) with 
some modifications. Each analysis was performed in 
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triplicate. To identify tocopherol, retention times obtained 
by injection of standard substances were analyzed with 
PDA spectra. In the identification of compounds, the peak 
belonging to α-tocopherol was identified using the 
retention times and UV spectra of standard substances. 
Five different concentrations of solutions were used for 
each standard and injected into HPLC to create calibration 
curves for each compound. HPLC conditions used in the 
analyzes are as follows: Column: Phenomenex Luna 
reversed-phase C-18 (4.6 mm×250 mm, 5 μm) column 
Injection: 20 µL, Carrier phase: A=Methanol (v/v), B= 
Acetonitrile/Formic acid (95/5, v/v) Flow rate: 1ml/min 
Wavelength: 295 nm detector type: photodiode array 
detector (PDA). 

 
Statistical Analysis 
The analysis results were used to variance analysis 

using the SPSS 23.0 package program and significant 
differences were detected according to the Independent-
Samples T Test (p<0.05) (IBM, 2015). 

 
Results and Discussion 
Free Fatty Acidity and Refractive Index 
The refractive index and free fatty acid values of sumac 

oils are seen in Figures 1 and 2. The refractive index values 
were measured as 1.470 in sumac oil produced by the 
ultrasound assisted extraction and 1.471 in sumac oil 
produced by the soxhlet extraction. Free fatty acid values 
were measured as 0.97% in sumac oil produced by the 
ultrasound assisted method and 0.98% in sumac oil 
produced by the soxhlet method. It was concluded that 
there was no statistically significant difference between 
FFA and refractive index results. Free fatty acidity 
performed to determine the oil quality; the free fatty acid 
value of sumac oil was found to be 2.85% oleic acid 
(Karadaş et al., 2020). The refractive index found in sumac 
oils ranged from 1.4722 to 1.4752 (Hosseini et al., 2020). 
The refractive index measured in sumac fruit oil as 1.469 
(Shao et al., 2024). 

DPPH-Radical Scavenging Activity and Total 
Phenolic Content 

The results of total phenolic content and DPPH Radical 
scavenging activity of sumac oils are shown in Table 2. Total 
phenolic content was determined as 0.834 mg GAE/g oil in 
sumac oil produced by the ultrasound assisted method, and 
1.035 mg GAE/g oil in sumac oil produced by the soxhlet 
extraction method. It was concluded that there was a 
statistically significant difference between the TPC results 
of US (ultrasound assisted extracted oil) and SS (soxhlet 
extracted oil) oils (p=0.001<0.05). Karadaş et al (2020) 
found that the amount of phenolic substance in sumac fruit 
oil was determined as 1470.0 mg GAE/kg oil.They were also 
detected in another study that the amount of phenolics in 
sumac oil varied between 1058.57 mg GAE/kg oil and 
1470.00 mg GAE/kg oil (Karadaş et al., 2022). Although the 
TPC values were reported in different units, they are similar 
when converted to the same unit, indicating good 
consistency among the studies. In another study, total 
phenolic compound amounts were determined using 
different spices. Accordingly, they obtained the highest 
amount of phenolic compounds in sumac (Altıok et al., 
2006). DPPH value was found to be 89.84% in sumac oil 
produced by ultrasound assisted method and 88.76% in 
sumac oil produced by soxhlet method. It was concluded that 
there was a statistically significant difference between the 
DPPH value of US and SS oils (p=0.001<0.05). The DPPH 
values found in sumac oils ranged from 71.33 % to 85.29 % 
(Hosseini et al., 2020).  

 
α-Tocopherol Composition 
The results of α-tocopherol of sumac oils are shown in 

Table 2. The amount of α-tocopherol was determined as 216 
mg/kg oil in sumac oil obtained by the ultrasound extraction. 
α-Tocopherol content in sumac oil reached 300 mg/kg oil 
when extracted using a soxhlet system. It was concluded that 
there was a statistically significant difference between the 
tocopherol results of US and SS oils (p<0.05).  

 

  
Figure 1. Effect of production method on free fatty acid of 

sumac oil 
Figure 2. Effect of production method on refractive index 

of sumac oil 
 

Table 1. Amounts of chemicals to be used according to free fatty acid values (AOCS, 1998) 
FFA (%) Sample weight (g) Amount of ethyl alcohol (ml) Alkaline Normality (N) 
0.0– 0.2 56.4 ± 0.2 50 0.10 
0.2– 1.0 28.2 ± 0.2 50 0.10 

1.0– 30.0 7.05 ± 0.05 75 0.25 
30.0– 50.0 7.05 ± 0.05 100 0.25 
30.0– 50.0 3.525 ± 0.001 100 1.0 
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Table 2. Effect of Extraction Type on Total Phenolic and α-Tocopherol Content, DPPH-Radical Scavenging Activity for Sumac Oil 

Samples α -Tocopherol 
Content (mg/kg) 

Total phenolics 
(mg GAE/g) 

DPPH Removal Activities 
(DPPH. Inhibition) (%) 

SS 300±0.05 1.035±0.04 88.76±0.20 
US 216±0.13 0.834±0.01 89.84±0.10 

 
Table 3. Effect of production type on fatty acid composition in Sumac oil. 

Composition % SS US 
C16:0 Palmitic Acid  29.00±0.03 26.86±0.16 
C16:1 Palmitoleic Acid 0.24±0.00 0.25±0.00 
C18:0 Stearic Acid 2.66±0.01 2.66±0.01 
C18:1 Oleic Acid 52.97±0.19 50.06±0.26 
C18:2 Linoleic Acid 14.10±0.06 19.27±0.09 
C18:3 Linolenic Acid 0.66±0.00 0.67±0.00 

 

 
Figure 3. GC chromatograms of the components separated by retention time 

 
Tocopherols are lipid-soluble antioxidants that play a 

role in protecting human health and increasing the 
oxidative stability of vegetable oils. Soxhlet extraction 
which involves the use of pure organic solvents in multiple 
cycles has been reported to enhance tocopherol extraction 
efficiency thus providing an effective approach for 
purification applications (Liu et al., 2025). When α-
tocopherol compositions of sumac oil were examined. The 
level of α-tocopherol in soxhlet-extracted oil were 
significantly higher than those obtained through ultrasonic 
assisted extraction method. Due to the shorter time and 
lower temperature in the ultrasonic extraction, may have 
resulted result in slightly lower alpha-tocopherol content 
compared to the oil extracted by the soxhlet extraction 
method which involves the longer time and higher 
temperature. Matthaus and Özcan (2015) found that the 
total tocopherol amount of sumac oils varied between 
65.20 mg/kg and 126.37 mg/kg. According to another 
study, the total tocopherol content in sumac fruit oil was 
found to be 583.89 mg/kg, respectively (Karadaş et al., 

2022). Hosseini et al. (2020) found in their study that the 
most plentiful tocopherol isomer in sumac oil is α-
tocopherol with values of 370.98-402.69 mg/kg. Karadaş 
et al. (2020) determined that the most plentiful tocopherol 
isomer was α-tocopherol (374.24 mg/kg) and these results 
are compatible with our study. 

 
Fatty Acid Composition 
The FA profiles and chromatograms of sumac oils are 

shown in Table 3 and Figure 3. Figure 3 shows that three 
major peaks corresponding to C16:0, C18:1, and C18:2 
were detected in all samples. While the fatty acid 
composition of sumac oil produced by the ultrasonic 
method contains 50.06% oleic acid, 26.86% palmitic acid 
and 19.27% linoleic acid, sumac oil produced by the 
soxhlet method contains 52.97% oleic acid, 29.00% 
palmitic acid and 14.10% linoleic acid. The common major 
FAs in the sumac oils were determined as oleic acid, 
palmitic acid, linoleic acid in SS oil. The common major 
FAs in the sumac oils were detected as oleic acid, palmitic 
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acid, linoleic acid in US oil. Matthaus and Özcan (2015) 
stated that sumac oil contains significant amounts of 
linoleic acid (56.60-61.56%). Nayebpour and Asadi-
Gharneh (2019) studied that the main FA compositions of 
sumacs grown in Iran; It was determined them as oleic 
(40.45%), linoleic (27.22%), stearic (2.74%), palmitic 
(24.94%) and linolenic (1.65%). According to the results 
reported by Hosseini et al. (2020), Oleic acid (36.9–
41.3%), linoleic acid (29.8–30.9%), and palmitic acid 
(21.3–24.6%) were primary fatty acids present in extracted 
oil of different varieties of sumac.  Considering the fatty 
acid compositions, it was determined that the main FAs of 
sumac oil are oleic acid (43.43%), palmitic acid (22.22%) 
and linoleic (30.34%) (Karadaş et al., 2022). In agreement 
with these studies, it was found that oleic acid was the most 
abundant fatty acid in this study. Shao et al (2024) 
determined the fatty acid composition of sumac fruit (Rhus 
chinensis Mill) oil. The main fatty acids identified were 
linoleic acid (55.70%), linolenic acid (1.51%), palmitic 
acid (23.22%), stearic acid (2.53%), and oleic acid 
(16.93%). The difference in the major fatty acid 
composition observed in this study may be due to 
variations in the growing region and environmental 
conditions. 

 
Conclusion 

 
In this study, a rapid and eco-friendly ultrasound 

assisted extraction methodology has been investigated as 
an effective alternative to the conventional soxhlet method 
with n-hexane for the extraction of sumac oil. Sumac oils 
obtained from two different extraction methods were 
evaluated to determine whether they have generally similar 
FFA, TPC, refractive index, antioxidant activities, FA 
composition and α-tocopherol content compared with each 
other. As a result, it was determined that the main fatty 
acids of sumac oil produced by soxhlet extraction from 
sumac oils were oleic acid (52.97%), linoleic acid 
(14.10%) and palmitic acid (29.00%). Additionally, by 
ultrasound-assisted extraction, it was observed that the 
major FAs of sumac oil were oleic acid (50.06%), linoleic 
acid (19.27%) and palmitic acid (26.86%). Total phenol 
amounts were determined as 0.834 mg GAE/g oil in sumac 
oil produced by ultrasound method and 1.035 mg GAE/g 
oil in sumac oil produced by soxhlet method. DPPH-
Radical scavenging activity was found to be 89.84% in 
sumac oil produced by the ultrasound assisted method and 
88.76% in sumac oil produced by the soxhlet method. α-
Tocopherol amounts were determined as 216 mg/kg oil in 
sumac oil produced by ultrasound assisted extraction and 
300 mg/kg oil in sumac oil produced by soxhlet extraction. 
To better understand which extraction method is more 
effective in obtaining high quality sumac oil further 
research is needed to investigate optimization of 
parameters such as a solid-to-solvent ratio, process 
temperature and reaction time in order to provide the most 
suitable extraction conditions. 
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