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Abstract Sesame and perilla seeds were analyzed for fat, protein, moisture 

and ash. Their mineral contents, lignan, γ-tocopherol and fatty acid profiles were 

also determined. The results showed that sesame seeds had higher protein, lipid 

and mineral contents but lower fiber contents than perilla seeds, accounting for 

17.38-20.76%, 42.70-46.18%, 3.07-6.47%, 18.00-21.88%, respectively. Major 

minerals in the seed were 0.26-0.95% calcium and 0.11-0.23% magnesium. 

Perilla oil showed lower pH than sesame oil giving it higher acid value. Most lignans 

were more concentrated in sesame than perilla. Sesamin was the predominant 

lignin, followed by sesamolin. The sesamin and sesamolin contents in sesame 

were ranged for 148.30-183.68 mg/100g and 33.96-43.54 mg/100g, 

respectively. Although black sesame oil had low content of sesamin and 

sesamolin, it performed high physiological functions due to its high contents of γ-

tocopherol and unsaturated fatty acid. Gamma tocopherol of the oils was ranged 

from 35.81 to 51.64 mg/100g, and perilla oil showed the highest γ-tocopherol 

content. Fatty acid profiles revealed that the major fatty acids in sesame oils were 

44.43-47.21% linoleic followed by 36.40-38.39% oleic, 7.07-9.64% palmitic and 

5.09-7.72% stearic acids, giving them high polyunsaturated fatty acids (PUFA), 

followed by monounsaturated fatty acids (MUFA) and saturated fatty acids (SFA). 

White sesame oil had higher linoleic acid but lower oleic acid than other sesame 

oils. Perilla oil contained high amounts of 55.27% α-linolenic followed by 19.75% 

linoleic, 12.70% oleic and 7.38% plamitic acids, giving it high PUFA, but low SFA 

and MUFA. 
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INTRODUCTION 

Mae Hong Son province is a major source of sesame (Sesamum indicum L.) and 

perilla (Perilla frutescens L.) seeds and their products in the northern Thailand. As a hilly 

region, Mae Hong Son is most suitable for growing these plants. During the rainy season 

water can easily flow through the plants, which can diminish some plant diseases. 

Moreover, most sesame and perilla grown in this area do not need treatment for pest 

control, enabling them to be grown naturally with little attention. In general, sesame seed 

is rich in lipid, protein, fiber and minerals, its protein has a good amino acid profile with 

nutritional value comparably to soy protein (López et al., 2003). Linoleic acid, one of the 

predominant fatty acid in sesame lipid, can lower triglyceride and cholesterol contents and 

improve cardiovascular health (Clarke, 2000). Oleic acid, another major fatty acids, is 

beneficial in lowering blood sugar, and protecting against heart disease (Junpeng et al., 

2019). The main minerals of sesame are calcium and magnesium assisting in teeth and 

bone development. Apart from that, magnesium is essential for enzyme activity, and 

regulates the acid-alkaline balance in the body (Khan et al., 2011).  

The most abundant phytochemicals in sesame are oil-soluble lignans in the form of 

aglycon, such as sesamin, sesamolin, sesamol, sesaminol and sesamolinol, etc (Dar and 

Arumugam, 2013). Other major lignan glycosides such as sesaminol triglucoside, 

sesaminol diglucoside and sesaminol monoglucoside are discharged along with the oil free 

meal (Othman et al., 2015). Dar and Arumugam (2013) stated that sesaminol glucosides 

could be hydrolyzed by intestinal β-glucosidase to sesaminol which could provide strong 

antioxidant activity. Generally, lignans have several physiological functions, such as 

antihypertensive and  hypocholesterolemic activities, γ-tocopherol bioavailability and 

protecting liver against damage caused by oxidation (Wu, 2007; Dar and Arumugam, 2013; 

Imran et al., 2020). Sesamin, the major lignan is relatively heat-stable phytoestrogen  

(Ji et al., 2019). This lignan can inhibit the proliferation of several types of tumour cells 

and exert antitumour effects (Meng et al., 2021); as well as improve intestinal health by 

promoting the proliferation and adhesion of intestinal probiotics leading to modulating gut 

microbiota (Wang et al., 2021).  

Gamma tocopherol, another important bioactive compound is abundant in both 

sesame and perilla. Although it has little vitamin E activity, this tocol can protect 

polyunsaturated fatty acids (PUFA) from lipid peroxidation in food matrices and in the 

human body. As a result, it is capable to inhibit the formation of some secondary products 

of lipid oxidation in food (Delgado et al., 2020). Regarding health benefits, γ-tocopherol 

has an antiproliferative effects on human cancer cells (Yokota et al., 2007) and anti-

inflammatory activity (Jiang et al., 2001). Apart from its health-promoting effects, sesame 

oil shows remarkable stability and high resistant to rancidity due to the presence of 

numerous antioxidants such as sesamin, sesamolin, sesamol, tocopherol and polyphenolic 

compounds (Wu, 2007). 

Perilla seed has 35-45% lipid comprising several unsaturated fatty acids such as  

α-linolenic (ω-3 fatty acid), linoleic (ω-6 fatty acid) and oleic (ω-9 fatty acid), accounting 

for 60, 13 and 16%, respectively (Lee et al., 2020). In vivo ω-3 fatty acids are transformed 

to docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA), which could assist in 

preventing abnormal clotting, reducing inflammation and relaxing blood vessels (Asif, 

2012). Other health benefits of α-linolenic acid include prevention of cardiovascular and 

cerebrovascular diseases, lowering cholesterol, inhibiting the occurrence and metastasis of 

cancer, as well as providing anti-aging and anti-inflammatory effects (Albert, 2005). Apart 

from that perilla oil is known to have anti-bacterial, antiallergic properties and 

immunomodulatory action (Žekonis et al., 2008 and Sirilun et al., 2016) due to its 

abundance in γ-tocopherols, polyphenols, unsaturated fatty acids fiber and phytosterols. 

Total tocopherols of perilla are in the range of 40-78 mg/100 g oil, and the most abundant 

is γ-tocopherol, followed by α-tocopherol and δ-tocopherol, respectively (Park et al., 2018). 

Perilla seeds also contain polyphenols or flavones such as rosemarinic acid, luteolin, 

chrysoeriol, quercetin and catcehin (Meng et al. 2009). These antioxidants along with ω-3 

fatty acid contribute to allergy, cancer and cardiovascular prevention (Gediminas et al. 

2008). 
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This study was designed to determine the content of phytochemicals with potentially 

health benefits, such as lignans, γ-tocopherol, fatty acids and minerals in these plants. 

Their chemical composition and physical characteristic were also conducted. 

MATERIAL AND METHODS 

Seeds and oil preparation 
Sesame (white, brown and black) and perilla seeds were procured from several 

villages of Mae Hong Son province, Thailand. The seeds were cleaned and approximately 

3,000 g seeds were properly dried for around 30 min or until their moisture decreased to 

6-7% with hot-air rotary drier. For health concerns, cold-pressed process was applied to 

liberate the oil. The dried seeds were squashed through a small screw press (Friend Energy 

Ltd. Part, Chiang Mai, Thailand) at an extraction rate of 5 kg/h. The temperature of the 

screw during operation was adjusted to less than 70°C and the process produced about 

30-35 g of oil per 100 g of seed.  

Chemical compositions of the seeds  
Analysis of the seeds for moisture, fat, protein, crude fiber, and ash was followed 

standard analytical methods (AOAC 2000). Moisture was determined by drying 2 g seeds 

in an oven at 105°C. Protein was determined by combustion method (Leco, model EP 528, 

MI, USA) with a nitrogen conversion factor of 6.25. Lipid was analyzed using Soxhlet 

apparatus (Soxtec Avanti, model 2055, Tecator, Sweden) and n-hexane as an extracted 

solvent (Kanu, 2011). Crude fiber was assessed using a fiber digester (Fibertec 8,000, 

Scanco analytical instruments, Fl, USA). Ash was determined by incinerating the seeds at 

550°C.  

Minerals of the seeds 
Determination of mineral in the seeds was followed Nookabkaew et al. (2006)  

and Krajčová et al. (2009). A weight of 1 g ground sample was added to 10 ml mixture of 

nitric : percloric acid at a 6:1 ratio. The mixture was subsequently digested at 180°C for 2 

h, then diluted to 50 ml and filtered through filter paper (Whatman No. 42). The filtrate 

was used to analyze for Ca, and Mg by flame atomic absorption spectrophotometer (AAS, 

Analytik Jena, model 700PC, Jena, Germany). The AAS was equipped with a hollow cathode 

lamp as a light source and used air/acetylene as a nebulizing gas. Absorbances were then 

taken at λmax 427.7 nm for Ca, 285.2 nm for Mg and 372 nm for Fe. Each mineral was 

quantified from the standard calibration curves.  

Lignans of the oils 
Determination of lignin content in the oils was followed Rankadilok et al. (2010) and 

Kosińsk et al. (2011). Briefly, 3.5-4.5 g of oils was extracted with 5 ml 80% methanol for 

30 min, then centrifuged at 2,000 × g, for 5 min. The supernatant was adjusted with 80% 

methanol, and filtered through 0.45 µm nylon membrane for high-performance liquid 

chromatographic (HPLC) analysis. The analysis for sesamin and sesamolin were performed 

by an external standard method using a HPLC system (Shimadzu Automatic sampler,  

SIL-10Axl, MD, USA) equipped with a thermostatically controlled column, a quaternary 

pump (LC-10ADvp), and an UV-visible spectrophotometric detector (SPD-M10Avp). 

A reversed-phase column, Hypersil 150 × 4 mm, 5 µm (Thermo Electron Co., Southern-

on-Sea, UK), was used for the separation. The mobile phase was a mixture of deionized 

water : methanol (20:80 v/v) with an isocratic flow rate of 0.8 ml/min. The injection 

volume was 10 µl and detected at λmax 290 nm. The retention times for sesamin and 

sesamolin were 5.80 and 7.20 min, respectively. Peak areas were used to quantify the 

amounts based on the peak areas of each standard lignan. A typical chromatogram of 

lignans in white sesame oil is shown in Figure 1.  
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Figure 1. Chromatogram of lignans in white sesame oil. 

Gamma-tocopherol of the oils 
 Determination of γ-tocopherol was followed Rankadilok et al. (2010) and Pestana-

Bauer et al. (2012). Purposely, 100 mg of the oil sample were dissolved in 5 ml ethanol 

and filtered through a 0.45 µm nylon membrane for HPLC analysis. HPLC analysis of  

γ-tocopherol was performed by external standard method using a HPLC system (Shimadzu  

Automatic sampler, SIL-10Axl, MD, USA) with a thermostatically controlled column, a 

quaternary pump (LC-10ADvp), and a fluorescence detector (RF-10Axl). The system was 

equipped with Pinnacle®II PAH (150 × 3.0 mm, 4 µm) column (Restek®, USA). The mobile 

phase consisted of acetonitrile : methanol : isopropanol as 50:40:10 v/v (solvent A) and 

acetonitrile : methanol : isopropanol as 30:65:5 v/v (solvent B) with a gradient elution: 

0-15 min, 100%A and 16-20 min, 100%B. Flow rate of the mobile phase was 1 ml/min at 

25°C with an injection volume of 10 µl. The fluorescence detector was used with an 

emission wavelength of 330 nm and an excitation wavelength at 290 nm. The retention 

time of γ-tocopherol was 52.20 min. Peak areas were used to quantify the amount based 

on the peak areas of standard γ-tocopherol. A typical chromatogram of γ-tocopherol in 

black sesame oil is shown in Figure 2. 

 

Figure 2.  Figure 2 Chromatogram of γ-tocopherol in black sesame oil 
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Fatty acids of the oils 
Determination of fatty acids was followed AOAC (2003). For esterification, 0.5 g oil 

was refluxed with 0.5 mol/l NaOH in 5 ml methanol for 5 min then 5 ml boron trifluoride-

methanol was added and refluxed for a further 5 min. The solution was then cooled and 

added 10 ml NaCl plus 5 ml hexane. The top clear solution was filtered through 0.45 µm 

nylon membrane and the fatty acid methyl esters (FAMEs) in the filtrate were used for gas 

chromatographic (GC) analysis. The FAMEs were separated by GC (Brucker 436-GC, 

Munich, Germany) and determined by flame ionization detector. The GC was equipped with 

a biscyanopropyl-polysilozane column, 0.25 mm internal diameter, 100 m length and 0.20 

µm film thickness (Restek®-2560, USA). Column injector and detector temperatures were 

225 and 250°C, respectively, and nitrogen was used as a carrier gas. Contents of fatty 

acids were calculated based on the peak area relative to standards. Typical chromatograms 

of fatty acid profiles for black sesame and perilla oils are shown in Figures. 3 and 4, 

respectively. 

 

Figure 3. Chromatograms of fatty acid profile for black sesame oil. 

    

Figure 4 Chromatograms of fatty acid profile for perilla oil 
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Statistical analysis  
All variables were determined for one-way analysis of variance (ANOVA) using SPSS 

17 software (SPSS Inc., IL, USA). Duncan’s multiple range test (DMRT) was applied to 

compare the differences among means (P ≤0.05). 

RESULTS 

Chemical composition of sesame and perilla seeds 
Table 1 illustrated that black, brown and white sesame seeds contained similar 

protein contents (~ 20%), while perilla seed was significantly less (P ≤0.05). White and 

brown sesame yielded significantly higher (P≤0.05) lipid contents than other seeds. Perilla 

seeds had significantly less (P ≤0.05) lipid than those sesame. Moreover, white sesame 

seed contained significantly less (P ≤0.05) fiber, while perilla had significantly more  

(P ≤0.05) fiber than the other seeds. In addition, Perilla seed contained significantly more 

(P ≤0.05) moisture and carbohydrate than the other sesame seeds, whereas white and 

brown sesame seeds had the least moisture and carbohydrate. 

  

Table 1.  Chemical and mineral compositions of sesame and perilla seeds. 

Chemical compositions 
(%) 

Types of sesame Perilla 

White Brown Black  

Protein 20.76 ± 0.81a 19.29 ± 1.07ab 19.72 ± 0.56a 17.38 ± 1.12b 

Lipid  45.63 ± 0.43a 46.18 ± 0.51a 44.01 ± 0.66b 42.70 ± 0.39c 

Fiber 18.00 ± 0.72c 19.06 ± 0.53bc 19.39 ± 0.19b 21.88 ± 0.30a 

Moisture 6.21 ± 0.10c 6.55 ± 0.17b 6.32 ± 0.13bc 7.57 ± 0.19a 

Carbohydrate* (excluded fiber) 4.29 ± 0.17b 3.20 ± 0.14c 4.09 ± 0.12b 7.40 ± 0.20a 

Ash 5.11 ± 0.14c 5.72 ± 0.22b 6.47 ± 0.21a 3.07 ± 0.30d 

Calcium 0.77 ± 0.11ab 0.61 ± 0.16b 0.95 ± 0.13a 0.26 ± 0.09c 

Magnesium 0.21 ± 0.02a 0.19 ± 0.02a 0.23 ± 0.02a 0.11 ± 0.01b 

Iron  0.01 ± 0.00 0.01 ± 0.00 0.02 ± 0.00 - 

Note: Variables with the same superscript letters in the same row are not significantly different (P >0.05). The experiments were performed for 

triplication (n=6).  *Calculated by difference 

 
Black sesame seed showed the highest ash/mineral contents including calcium, 

magnesium and iron, while perilla seed had the lowest ash contents (Table 1). Overall, 

sesame seeds contained much more minerals than perilla seeds, the predominant mineral 

was calcium followed by magnesium and iron. It was worth noting that calcium in black 

sesame was the significantly highest (P ≤0.05) content.  

Physical characteristics of sesame and perilla oils 
Table 2 showed that perilla oil had the highest water activity, while white sesame oil 

had the lowest water activity. Black sesame oil showed the highest viscosity followed by 

white and brown sesame oils, perilla had the lowest viscosity. For color, white sesame and 

perilla oils displayed the highest L* parameter. White and black sesame oils exhibited 

significantly greater (P ≤0.05) a* parameter than the other oils, perilla oil had the lowest 

a* parameter. On the other hand, perilla oil showed the highest b* parameter followed by 

brown, black and white sesame oils. Overall, the whiteness indices demonstrated that 

perilla oil was significantly darker (P ≤0.05) than the sesame oils. Among three types of 

sesame oils, white and black sesame oil showed lighter than brown sesame oil.                         
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Table 2.  Physical characteristics of sesame and perilla oils. 

Characteristics of  
the oils 

Types of sesame Perilla 

White Brown Black 
aw  0.46 ± 0.03b 0.50 ± 0.03ab 0.49 ± 0.02ab 0.52 ± 0.02a 

Viscosity (cP)  5.54 ± 0.24ab 5.18 ± 0.17b 5.84 ± 0.32a 4.49 ± 0.26c 

Color L* parameters  91.27 ± 1.53a 82.96 ± 1.96b 85.78 ± 1.48b 89.20 ± 2.07ab 

a* parameters 6.02 ± 0.29ab 5.57 ± 0.18b 6.11 ± 0.26a 3.32 ± 0.22c 

b* parameters 47.06 ± 1.64c 53.25 ± 2.49b 49.13 ± 2.93bc 75.02 ± 3.11a 

Whiteness indices 52.14 ± 2.63a 43.82 ± 2.15b 48.00 ± 1.71a 24.18 ± 1.90c 

pH  6.46 ± 0.13a 6.71 ± 0.21a 6.11 ± 0.17b 5.5 ± 0.09c 

Acid values (mg KOH/g) 2.20 ± 0.21ab 1.32 ± 0.14c 2.05 ± 0.08b 2.4 ± 0.15a 

Peroxide values (mmol/kg) 3.07 ± 0.15c 4.15 ± 0.22a 4.54 ± 0.19a 3.62 ± 0.27b 

Note:  Variables with the same superscript letters in the same row are not significantly different (P >0.05). The experiments were performed for 

triplication (n=9) 

Regarding chemical characteristics, perilla oil had significantly lower pH (P ≤0.05) 

than sesame oil. In addition, brown sesame oil showed significantly lower acid value  

(P ≤0.05) than the other oils, and perilla oil showed the highest acid value. Peroxide values 

illustrated that brown and black sesame oil had significantly higher peroxide values than 

the other two oils (Table 2). 

Lignans and tocopherol in sesame and perilla oils 
Table 3 shows the lignans and γ-tocopherol present in the cold-pressed oils. Among 

two types of lignans, sesamin was predominant. White and brown sesame oil had 

significantly higher contents (P ≤0.05) of sesamin, sesamolin and total lignans than the 

black sesame oils. On the other hand, perilla oil had the least concentration of lignans.  

Table 3.  Lignans and γ-tocopherol of sesame and perilla oils. 

Active components 
(mg/100 g) 

Types of sesame Perilla 

White Brown Black  

Sesamin  183.68 ± 13.75a 175.07 ± 10.18a 148.30 ± 11.39b 13.61 ± 3.35c 

Sesamolin  43.54 ± 4.37a 37.63 ± 5.92ab 33.96 ± 4.11b - 

Total lignans  227.22 212.70 182.26 13.61 

γ-tocopherol  35.81 ± 2.37b 38.93 ± 3.79b 40.66 ± 5.45b 51.64 ± 3.60a 

Note: Variables with the same superscript letters in the same row are not significantly different (P >0.05). The experiments were performed for 

triplication (n=6) 

 

Apart from lignans, γ-tocopherol is also an essential phytochemical found in sesame 

and perilla oil. Three types of sesame oil in Table 3 showed non-significant difference  

(P ≤0.05) with γ-tocopherol contents. However, significantly higher (P ≤0.05) 

concentrations of γ-tocopherol were found in perilla than in sesame oils.  

Fatty acid profiles of sesame and perilla oils 
Table 4 shows that black sesame and perilla oil contained more varieties of fatty acids 

than brown and write sesame oils. Among 21 fatty acids quantified in the oils, two SFA 

palmitic and stearic acids were significantly more (P ≤0.05) abundant in sesame oil than 

in perilla oil. The major USFA in these oils were oleic acid (MUFA) and linoleic (PUFA) which 

were also significantly greater (P ≤0.05) in sesame than in perilla oil; accounting for 

~37.66% and ~45.62% in sesame oil as well as ~12.70% and 19.75% in perilla oil. On 

the other hand, α-linolenic acid (PUFA) was the highest (55.27%) content in perilla oil, 

whereas sesame oil contained less than 1%. These fatty acids determined the 

concentrations of SFA, MUFA and PUFA in sesame and perilla oils. 
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Table 4. Fatty acid profiles of cold pressed sesame and perilla oils. 

Fatty acids (%) Types of sesame oil Perilla oil 
 White Brown Black  

C 12:0 - - 0.02 ± 0.00 0.04 ± 0.00 
C 14:0 - - 0.13 ± 0.01 0.12 ± 0.01 
C 16:0 9.64 ± 0.62a 7.07 ± 0.32b 7.73 ± 0.45b 7.38 ± 0.25b 
C 16:1 0.15 ± 0.00b 0.11 ± 0.00c 0.12 ± 0.01c 0.22 ± 0.04a 
C 17:0 - - 0.04 ± 0.00 0.05 ± 0.00 
C 17:1 - - 0.26 ± 0.03 - 
C 18:0  7.72 ± 0.52a 7.04 ± 0.63a 5.09 ± 0.47b 3.09 ± 0.40c 
C 18:1 n-9 36.41 ± 0.75b 38.39 ± 0.94a 38.17 ± 1.12a 12.70 ± 0.54c 
C 18:2 n-6 47.21 ± 0.41a 45.22 ± 0.84b 44.43 ± 0.62b 19.75 ± 0.50c 
C 20:0 - - 0.20 ± 0.01 - 
C 18:3 n-6 0.57 ± 0.04b 0.82 ± 0.07a 0.48 ± 0.06b 0.24 ± 0.01c 
C 18:3 n-3 0.99 ± 0.11b 0.73 ± 0.18b 0.44 ± 0.09c 55.27 ± 2.10a 
C 20:1 0.28 ± 0.02a 0.14 ± 0.03b 0.08 ± 0.01c 0.19 ± 0.02b 
C 20:2  0.07 ± 0.01 0.06 ± 0.00 0.08 ± 0.00 0.06 ± 0.01 
C 21:0 0.05 ± 0.00 0.05 ± 0.00 0.09 ± 0.01 0.05 ± 0.00 
C 22:0  0.29 ± 0.02a 0.26 ± 0.02a 0.21 ± 0.01b 0.19 ± 0.02b 
C 20:3  - - 0.10 ± 0.01 0.04 ± 0.00 
C 20:4 - - 0.06 ± 0.00 - 
C 24:0 0.09 ± 0.01c 0.12 ± 0.01b 0.09 ± 0.02bc 0.25 ± 0.02a 
C 20:5 0.05 ± 0.00 - 0.03 ± 0.00 - 
C 24:1  0.48 ± 0.03 - 0.13 ± 0.02 0.36 ± 0.03 
SFA 17.79 14.54 15.61 11.39 
MUFA 37.32 38.64 38.77 13.48 
PUFA  44.89 46.82 45.62 75.35 

Note: Variables with the same superscript letters in the same row are not significantly different (P >0.05). The experiments were performed for 
duplication (n=4) 

Footnote: C 12:0 = lauric acid, C 14:0 = myristic acid, C 16:0 = palmitic acid, C 16:1= palmitoleic acid, C 17:0 = margaric acid, C 17:1 = 

heptadecenoic acid, C 18:0 = stearic acid, C 18:1 n-9 = oleic acid, C 18:2 n-6 = linoleic acid, C 18:3 n-3 = α-linolenic acid, C 18:3 n-6 = γ-linolenic 

acid, C 20:0 = arachidic acid, C 20:1 = gadoleic acid, C 20:2 = eicosadienoic acid, C 20:3 = eicosatrienoic acid, C 20:4 = arachidonic acid, C 20:5 
= timnodonic acid, C 21:0 = heneicosanoic acid, C 22:0 = behenic acid, C 24:0 = lignoceric acid, C 24:1 = nervonic acid 

 

Accordingly, sesame oil had higher content of SFA and MUFA than perilla oil, 

accounting for ~16%, ~38.24% and 11%, 13%, respectively. PUFA more concentrated in 

perilla oil (75.35%) than in sesame oil (~45.78%). White sesame oil had significantly less 

oleic than other sesame oils, it had though a higher linoleic content. Overall, white sesame 

oil contained higher SFA, but lower MUFA and PUFA than the other sesame oils. Perilla oil 

had lower SFA and MUFA than sesame oil, however, it had a higher PUFA content.  

DISCUSSION 

Protein, lipid and fiber of sesame and perilla seeds 
Most sesame proteins are storage proteins comprising 67.3% globulins, 8.6% soluble 

albumins, 1.4% prolamines, and 6.9% glutelin (Gómez-Arellanoa, et al., 2017). In this 

study, sesame had higher protein than perilla, and other sesame seeds had similar 

contents, such as sesame from Congo-Brazzaville 19-26% (Nzikou et al., 2009), from 

Cameroon ~23% (Tenyang et al., 2017) and from Morocco 22% protein (Gharby et al., 

2017). In addition, Morris et al., (2021) obtained 13.92-21.76 % protein from Chinese and 

Thai sesame seeds, which were relatively equivalent to this observation. On the other hand, 

Rizki et al. (2014) found higher 26-28% protein in Moroccan sesame, which could be due 

to applying different extraction method (Hao et al., 2021). Tenyang et al. (2017) stated 

that white and brown sesames had identical protein contents, which was compatible with 

this study. However, variations in chemical composition of sesame and perilla depend on 

variety, origin, color and size of the seeds (Lee et al., 2018).  

Color or cultivars could be influent on the lipid contents, Tenyang et al. (2017) found 

53 and 49.6% lipid in white and brown sesame seeds, respectively. Similarly, 52.17 and 

42.48% lipid in light and dark sesame seeds, respectively were obtained by Morris et al., 

(2021). According to this finding, white sesame seed was likely to contribute more lipid 

than black seed. Nevertheless, variation of lipid in the oil seeds is associated with the 

differences in variety of plant cultivar, cultivation climate, ripening stage, harvesting time 

and the extraction method used (Achouri et al., 2012). In addition, sesame like olive lipid 

is relatively resistant to oxidation as compared to other plant lipids (Gharby, et al., 2017). 
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Though perilla seeds had less lipid than those sesame, this was in accordance with Sargi 

et al. (2013) who found 40 and 42.3% lipid in white and brown perilla seeds, respectively. 

Fibers are also incorporated in several physiological functions. The concentration of 4-19% 

sesame fiber from several countries was reported by Nzikou et al. (2009) and Tenyang  

et al. (2017). Hence the fiber contents in both sesame and perilla is considered high. 

Generally, carbohydrate including fiber of perilla seed has around 23% (Dhyani et al., 

2019) which is compatible with this investigation.  

Ash and mineral contents of sesame and perilla seeds 
Ash in different sesame seeds is ranged from 4.6 to 5.6% (Nzikou et al., 2009) also 

4.54-4.71% (Alyemeni et al., 2011) and 4.5% (Gharby et al., 2017) which are slightly 

lower than this finding. Kanu (2011) stated that minerals in sesame vary with cultivation 

area and seed color or cultivar. Black sesame seed had the highest ash/mineral contents 

which was complied with the results of Tenyang et al. (2017) who found 6.03% in brown 

and 4.62% in white seeds. On the other hand, Alyemeni et al. (2011) obtained similar 

amount of ash (~4.6%) in black and white Saudi sesame seeds. Minerals such as calcium 

and magnesium tended to be more concentrate in black rather than white sesame, Tenyang 

et al. (2017) also found 0.98, 2% calcium and 0.44, 0.47% magnesium in white and brown 

Cameroon sesame, respectively. Alyemeni et al. (2011) obtained 1.16-1.45% calcium, 

0.18-0.52% magnesium, 0.01% iron in several color sesames which were much higher 

than this finding, probably due to the variation of genotypes and cultivation areas (Morris, 

2021). Perilla yielded the least minerals (3%), similarly, Dhyani et al. (2019) also found 

3.33% ash and 0.25% calcium and 0.26% magnesium in Indian perilla seed,  

Physical and chemical characteristics of sesame and perilla oils 
Variation of aw and viscosity might be due to some extent of the variation of moisture 

in the seed, perilla oil had the highest moisture content, reflected in low viscosity. 

Regarding the color of the oils, white and black sesame oils yielded the highest whiteness 

indices (lighter color) due to their high L* and low b* parameters. On the other hand, 

perilla oil exhibited the lowest whiteness index (darkest color) with high b* and L* 

parameters, presumably caused by Maillard browning during oil extraction.  

Hydrolytic rancidity and breakdown of triacylglycerol by lipase activity increase the 

levels of free fatty acids, acid value, and peroxide value in edible oil during oil extraction 

or storage (Lee et al., 2020). In general, Peroxide value is a measurement of hydroperoxide 

occurring at the initial state of lipid oxidation, as a result of free radicals interacting with 

unsaturated fatty acids (Cao et al, 2017). These hydroperoxide might be further broken 

down into non-volatile secondary products (Wąsowicz et al., 2004). In addition, an 

existence of some volatile aldehydes such as hexanal, 2-heptenal and little nonanal  

2-decenal is also associated with linoleic acid oxidation (Kiralan et al., 2016), which could 

be a good index of lipid rancidity. The acid value is frequently used to determine the initial 

state of lipid oxidation. According to Codex Alimentarius, FAO/WHO (2009), the non-

refined oil quality remains acceptable until the acid and peroxide values reaches 4 mg/KOH 

g and 15 meq/kg oil, respectively. Both values in this investigation were well complied with 

the acceptable margin, indicating good resistance to peroxidation. Sirilun et al. (2016) 

applied moist heat under pressure to extract perilla oil and found higher acid and peroxide 

values for 3.52 mg/KOH g and 6.56 mmol/kg, respectively than the control. Ji et al. (2019) 

roasted sesame seeds prior to oil extraction and noticed that roasting temperature could 

rise the acid values but reduce the peroxide values. Rising of acid values could be caused 

by the appearance of some acids such as phytic, oxalic, and phenolic acids, whereas, 

reducing of peroxide values could be due to decomposition of peroxide when the 

temperature reached a certain level (Ji et al., 2019).  

Lignans in sesame and perilla oils 
Fat soluble aglycon-lignans such as sesamin, sesamolin and sesamol are abundant in 

sesame. Sesamin is relatively stable on heating, while sesamolin could be reduced by heat 

and some converted to sesamol (Ji et al., 2019). Rangkadilok et al. (2010) reported that 

the contents of 167 mg/100g sesamin was greater than 58 mg/100g sesamolin in Thai 

sesame oils, relatively similar to this finding. On the other hand, Morris et al. (2021) found 

much higher 898 mg/100g sesamin and 279 mg/100g sesamolin in Thai sesame oils. The 
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variation of lignan concentrations might be due to environmental stresses, genetics, 

cultivars, as well as agronomic and extraction conditions (Kim et al., 2014). Other 

researchers obtained sesamin and sesamolin in the range of 8–258 mg/100g and 28–252 

mg/100g (Ajit et al., 2019), 500-600 mg/100g and 190-240 mg/100g (Imran et al., 2020), 

550-898 mg/100g and 104–630 mg/100g (Morris et al., 2021) as well as 491 mg/100 g 

and 300 mg/100 g (Wu, 2007), respectively.  

This study, white cultivar contained more lignans than brown and black cultivars. Kim 

et al. (2014) found similar results with 520 and 198 mg/100 g of sesamin in white and 

black Korean sesame oils, as well as 401 mg/100g and 172 mg/100g sesamin were found 

in light and dark sesame seeds, respectively (Morris et al., 2021). Rangkadilok et al. (2010) 

also obtained similar results of white and black Thai sesames from several provinces. 

Moreover, Rangkadilok et al. (2010) emphasized that genetic, environmental, soil 

conditions, water, nutritional, climate, extraction method and detection techniques might 

cause some variation of sesamin and sesamolin in the oil. According to this 

accomplishment, it could be presumable that white sesame is likely to gain more benefits 

to health than black in the respect of lignan. Although black sesame exhibits low content 

of sesamin and sesamolin, it has high antioxidative and antiproliferative activities 

(Kancharla & Arumugam, 2020) probably due to its high contents of γ-tocopherol, phenolic 

components and flavonoids along with the unsaturated fatty acid.  

Tocopherol of sesame and perilla oils 

Tocopherol is another bioactive compound found in both sesame and perilla oils. 

Tocopherol homologues of sesame comprise 2.2% α-tocopherol, 7.3% δ-tocopherol, and 

90.5% γ-tocopherol with small amount of tocotrienols (Gharby et al., 2017), thus  

γ-tocopherol is the major component in sesame. Generally, total tocopherols in sesame oil 

range from 40.36 to 46.10 mg/100g (Durazzo et al., 2021; Gharby et al., 2017) and 17.25-

23.95 mg/100g (Morris et al., 2021). Kanu (2011) found white sesame seed yielded 

greater γ-tocopherol than black sesame seed, while Morris et al. (2021) obtained 

equivalent content of ~20 mg/100g γ-tocopherol in light and dark seed, agreed with  

this finding. Rangkadilok et al. (2010) noted that Thai sesame oils exhibited wide-ranging 

of 30.4-64.7 mg/100 g γ-tocopherol, irrespectively their colors. However, variation of  

γ-tocopherol in sesame seeds and oils is possibly due to differences in genetic and 

environmental situations such as soil, irrigation, and phenology influences as well as 

extraction method used (Williamson et al., 2008). Ji, et al. (2019) observed that roasting 

process could decrease tocopherol due to oxidation reactions and cell damage on roasting, 

whereas Vujasinovic et al. (2012) found an increase in tocopherol of roasted sesame seed 

because of better releasing from the broken cell membranes. Perilla oil yielded the highest  

γ-tocopherol content which was coincident with the results of Yang et al. (2018) and Zhao 

et al. (2012) who detected 45.4 and 40.9 mg/100 g of γ-tocopherol in perilla oils, 

respectively. 

Fatty acid profiles of sesame and perilla oils 
The most abundant fatty acid in sesame oil was linoleic acid followed by oleic, plamitic 

and stearic acids, indicating high contents of PUFA followed by MUFA and SFA. In general, 

linoleic and oleic acids are the primary fatty acids in sesame accounting for 80% of the 

total fatty acids (Mondal et al., 2010). Similar to this study, Nzikou et al. (2009) found 

46.34% linoleic and 38.81% oleic acids in Congo-Brazzaville sesame oil, while Junpeng  

et al. (2019) found 40.82% linoleic and 34.43% oleic acids in Chinese sesame oil. In 

addition, Kiralan and Ramadan (2016) obtained 45.99% linoleic, 38.12% Oleic, 9.79% 

palmitic, 4.86% stearic acids in Turkish sesame oil, whereas Morris et al. (2021) detected 

44.97% linoleic and 37.24% oleic acids in Thai sesame oil, agreed well with this study. 

Equal quantity of 42% linoleic and oleic were also found by Gharby et al. (2017). In 

contrary, sesame oil with less linoleic (0.3-45%) but high oleic (40-50%) was reported by 

Imran et al. (2020). Asghar and Majeed (2013) stated that oil content variability might be 

caused by variety differences, planting season, maturing stage, harvesting date and 

extraction method, which would affect the fatty acid concentrations. Imran et al. (2020) 

pointed out that PUFAs such as linoleic and α-linolenic acids could increase high-density 

lipoprotein (HDL) cholesterol, while decreasing low-density lipoprotein (LDL) cholesterol.  
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It is noteworthy that white sesame oil had more linoleic but less oleic than black 

sesame oil, while Tenyang et al. (2017) found less linoleic and oleic acid in white than 

brown sesame oils for 41.18 and 47.21% linoleic acid and 43.14 and 46.04% oleic acid, 

respectively. Morris et al. (2021) also found less linoleic acid in light (46.14 %) than dark 

(48.46%) sesame oil, but more oleic acid for 36.68 % and 34.78 %, respectively. However, 

it was clarified that white sesame oil yields less MUFA and PUFA than black sesame oils. 

Furthermore, white sesame oil in this study was inclined to be more SFA and less USFA, 

owing to the existence of high palmitic and stearic acids contents, while similar content of 

SFA in light and dark sesame oils was found by Morris et al., (2021). Additionally, Ji et al 

(2019) observed that fatty acid contents of sesame were relatively stable upon roasting 

the seeds. 

Perilla oil yielded larger quantities of ~55% ω-3 fatty acid (α-linolenic) than sesame 

oil (< 1%), while lesser amount of other fatty acids being observed. This made it be more 

abundant in PUFA than SFA and MUFA. Major fatty acids of perilla oil found by different 

researchers are as follows: 60% α-linolenic, ~13% linoleic, and ~16% oleic in Korean 

perilla oil (Lee et al, 2021), 61.7% α-linolenic and 14% linoleic acids in Korean perilla oil 

(Jung et al., 2012), 60.4% α-linolenic and 16% linoleic acids in Thai perilla oils (Sirilun  

et al., 2016), 59.8% α-linilenic and 9.7% linoleic acids in Chinese perilla oils (Zhao, 2012). 

The highest fatty acid profile was found by Torri et al., (2019) for 60.13% α-linolenic, 

18.35% linoleic and 12.63% oleic in Japanese perilla oil. However, variation of the fatty 

acid contents might be due to soil and growth conditions, climate and latitude of planting 

(Ding et al., 2012). With its high PUFA content, perilla oil tends to be engaged in oxidative 

development. To subside this phenomenon, some researchers recommended for either 

blending with other oxidatively stable oil (Torri et al., 2019) or pretreatment the seed prior 

to the extraction process (Lee et al., 2010). In overall, sesame oil showed higher 

concentration of SFA and MUFA than perilla oil, while perilla oil displayed the highest PUFA 

content.  

CONCLUSION 

Sesame seeds tended to have higher protein, lipid and mineral (Ca and Mg) contents 

but lower fiber than perilla seeds. Black sesame seeds contained more ash/minerals than 

other sesame seeds, while white and brown sesame seeds had more lipid contents than 

black seeds. Sesamin was the major lignan in sesame, followed by sesamolin. White 

sesame showed larger lignans than black sesame. Perilla oil yielded higher γ-tocopherol 

content than sesame. Black sesame oil displayed higher content of γ-tocopherol than white 

sesame. The major fatty acids in sesame oils were linoleic acid, followed by oleic, palmitic 

and stearic acids, giving them high PUFA contents followed by MUFA and SFA. White 

sesame oil had less PUFA and MUFA than other sesame oil. Perilla oil contained high 

amounts of α-linolenic acid giving it high PUFA, but low SFA and MUFA. It seemed that 

perilla had a superior nutrient value, in the respect of its lipid profile. However, its high 

PUFA content and the presence of lipase activity could make it more susceptible to 

oxidatively rancid development than other oil seeds. Therefore, this should be taken in 

account along with the storage stability. To minimize this degradation, some researchers 

recommended for either applying pretreatment processes or blending with other 

oxidatively stable oil.  

In comparison with high temperature or solvent extraction oils, there was a limitation 

of cold-pressed oil on lowering the product quantity. The process could liberate only a 

certain levels of the oil leading to reducing some oil soluble phytochemicals, thus different 

concentrations of bioactive components were obtained from different extraction 

techniques. Despite the impact of this limitation enabled inevitably supplying high cost 

products, this circumstance was not applied to the health conscious consumers. 
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