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CHEMICAL  COMPOSITION  AND  ANTIOXIDANT  ACTIVITY
OF  Trigonella  spicata  SEEDS

S. S. U. Gungor, S. Guzel Kara,* and G. Kokdil

The genus Trigonella L. (Fabaceae), which is widely distributed throughout the Mediterranean region, South and
North Africa, North America, Europe, West Asia, and South Australia [1] includes approximately 260 species worldwide [2].
Trigonella seeds contain saponin, flavonoid, polyphenol, alkaloid, mucilage [3, 4], amino acids, phytosterols, tocopherols [5, 6],
protein, lipids, dietary fiber [6], and functional elements [3, 4]. The genus Trigonella comprises about 54 taxa, which are
represented by 13 sections and 8 groups in Turkey [7, 8]. Trigonella spicata Sm., an Eastern Mediterranean element [7], grows
wild in the Balkans, Crimea, Transcaucasia, West Syria, and North Iraq. According to the literature, some species of the genus
have been studied previously [1, 5, 6, 9–11]. However, to our knowledge, no data on the seeds of T. spicata have been reported
in the literature. Therefore, the study is aimed at investigating proximate analysis; fatty acid and sterol compositions; mineral,
amino acid, total phenolic, and total flavonoid content; and in vitro antioxidant activity of T. spicata seeds.

The proximate analyses results are shown in Table 1. T. spicata seeds are rich in dietary fiber and protein (43.7 g/100 g
and 29.2 g/100 g, respectively). Dietary fiber has received much attention because of its health benefits such as reducing the
risk of obesity, colon cancer, and cardiovascular disease [9].

The amino acid and mineral content of T. spicata seeds is summarized in Table 2. Aspartic and glutamic acids, which
have an additional carboxyl group that can release a proton and acquire a negative charge at the pH of body fluids [12], are the
major amino acids (4936 mg/100 g and 4540 mg/100 g, respectively). Potassium, which is an essential nutrient and has an
important role in the synthesis of amino acids and proteins [13], is the most abundant mineral (12,357.33 μg/g).

The fatty acid composition of oil from seeds is shown in Table 3. The oil is rich in linoleic acid, which is the most
highly consumed polyunsaturated fatty acid in the human diet (31.78%). Because it contains two double bonds at the 9th and
12th carbons linoleic acid cannot be synthesized by humans and must be consumed [14]. The amount of linoleic acid is
followed by palmitic acid (21.11%), oleic acid (16.04%), and α-linolenic acid (14.46%). Total saturated fatty acids (TSFA),
total monounsaturated fatty acids (TMUFA), and total polyunsaturated fatty acids (TPUFA) in seeds constitute 35.2%, 16.49%,
and 46.67%, respectively.

Sterol composition is summarized in Table 4. β-Sitosterol (39.79 mg/100 g) is the most abundant sterol in seeds.
Plant sterols, which show antioxidant effects, play an important role in preventing prostate cancer and modulating the
immune system [15].

TABLE 1. Proximate Analysis of T. spicata Seeds, g/100 g

Parameter T. spicata Parameter T. spicata 

Energy, kcal/100 g 299.5 ± 2.12 Carbohydrate 10.4 ± 0.51 
Moisture 6.6 ± 0.16 Dietary fiber 43.7 ± 0.21 

Ash 3.9 ± 0.03 Oil content 5.9 ± 0.17 
Protein 29.2 ± 0.75 Crude fiber (Cellulose), % 14.5 ± 0.05 

 ______
Data presented as mean ± SD, n = 3.
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Total phenolic and total flavonoid content and antioxidant activity results are demonstrated in Table 5. The total
phenolic and flavonoid content is 47.57 mg GAE/g and 4.36 mg QE/g, respectively. The DPPH radical-scavenging activity,
ABTS radical–cation-scavenging capacity, and CUPRAC-Cupric ion-reducing activity results are 81.71%, 910 μmol/g seed,
and 385.3 ± 30 μmol AAE/g seed, respectively.

Plant Material. T. spicata was collected from its natural habitat (Mut, Mersin, Turkey). Voucher specimens were
identified by Dr. Ahmet Ilcim (Department of Biology, Faculty of Sciences and Arts, Mustafa Kemal University, Hatay, Turkey)
and stored in the Herbarium of the Faculty of Sciences and Arts, Mustafa Kemal University (MKU1829).

Extraction. Oil extraction procedure was performed according to the ISO 659:2009 method [16]. Seeds were powdered
and then extracted with diethyl ether in a Soxhlet apparatus (3 h; 50°C) and the oil obtained was stored for fatty acid and sterol
analyses. All data were represented by the content in 100 g (fatty acid and sterol) of oil. The seeds were powdered (3 g) and
then sonicated twice with 40 mL of 80% MeOH in a water bath (40°C). After filtration, the volume was adjusted to 100 mL
with 80% MeOH [17] and used for total phenolic and total flavonoid content and antioxidant activity studies.

Proximate Analysis. Proximate analyses were carried out according to the official methods of the Association of
Official Analytical Chemists [18]. All the results were expressed as g/100 g, whereas the energy result was expressed as kcal/100 g.

TABLE 2. Total Amino Acid (mg/100 g of dry sample) and Mineral (μg/g of dry sample) Content of T. spicata Seeds

Amino acid T. spicata Mineral T. spicata Amino acid T. spicata Mineral T. spicata 

HIS* 1033 ± 0.02 Na 546.80 ± 3.57 ALA 916 ± 0.01 Zn 45.64 ± 1.76 
ILE* 737 ± 0.03 Mg 1379.55 ± 25.14 ASP 4936 ± 0.13 Cu 8.06 ± 0.12 
LEU* 1086 ± 0.04 P 2948.36 ± 9.87 GLY 1170 ± 0.04 Se 6.02 ± 0.18 
LYS* 1402 ± 0.04 K 12357.33 ± 11.08 GLU 4540 ± 0.21 Al 44.76 ± 1.17 
MET* 108 ± 0.01 Ca 3369.27 ± 5.65 PRO 949 ± 0.03 Co 0.55 ± 0.07 
PHE* 719 ± 0.02 Cr 26.8 ± 0.65 SER 1239 ± 0.04 Mo 8.4 ± 1.14 
THR* 810 ± 0.03 Mn 13.45 ± 0.96 TYR 567 ± 0.02 Cd 1.25 ± 0.22 
VAL* 752 ± 0.02 Fe 264.82 ± 12.34 TRP 256 ± 0.01 Pb 3.48 ± 0.32 
ARG* 1847 ± 0.04 Ni 3.08 ± 0.78     
 ______

*Essential amino acids. Data presented as mean ± SD, n = 3.

TABLE 3. Fatty Acid Composition of T. spicata Seeds, % of Total Fatty Acids

Fatty acid T. spicata Fatty acid T. spicata 

Saturated  Monounsaturated  
4:0 0.39 ± 0.03 16:1n7 0.08 ± 0.00 
8:0 0.48 ± 0.07 18:1n9 16.04 ± 0.73 

12:0 0.01 ± 0.00 20:1n9 0.37 ± 0.11 
14:0 0.31 ± 0.00 TMUFA 16.49 
15:0 0.18 ± 0.04 Polyunsaturated  
16:0 21.11 ± 0.72 18:3n3 14.46 ± 0.62 
17:0 0.20 ± 0.02 18:2n6 31.78 ± 0.91 
18:0 6.32 ± 0.45 20:2n6 0.02 ± 0.00 
20:0 3.32 ± 0.24 N.i. 0.08 ± 0.02 
21:0 0.41 ± 0.08 N.i. 0.33 ± 0.01 
22:0 1.63 ± 0.12 TPUFA 46.67 
23:0 0.03 ± 0.01   
24:0 0.81 ± 0.08   

TSFA 35.2   
 ______

Data presented as mean ± SD, n = 3; N.i.: not identified.
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Amino Acid Content. The alkaline and acid hydrolysis of protein, and derivatization were carried out via the methods
proposed by Eroglu et al. [19] and Cevikkalp et al. [20]. A Prominence ultrafast liquid chromatography system (Shimadzu, Japan)
equipped with a binary pump, and a UV/Vis detector were used. For the separation and detection a reversed phase analytical
column [Shim-pact XR-ODS (75 mm × 3.0 mm i.d.)] with a fluorescence detector was used. Analysis conditions were given
in our previous study [6].

Mineral Content. Mineral analysis was performed according to the method described by Basgel and Erdemoglu
[21]. For microwave-assisted digestion, a CEM MARS 240/50 oven model (CEM Co., USA) with a timer and variable
temperature settings was used. Analysis was carried out using an Agilent ICP-MS 7500ce (Tokyo, Japan) equipped with an
Octopole Reaction System. Analysis conditions were given in our previous study [1].

Preparation of Fatty Acid Methyl Ester (FAME). The FAME analysis was carried out using the ISO 12966-2:2011
[16] standard method.

Chromatographic Analysis of FAME. For separation a DB-Wax capillary column (60 m × 0.25 mm × 0.25 μm) and
a GC (Agilent Technologies 7890A, USA) equipped with an FID detector were used. The FAME was further analyzed by
GC-MS (Agilent Technologies 6890 N Network GC, Agilent 5973 Network Mass Selective Detector). A DB-23 capillary
column (60 m × 0.25 mm × 0.25 μm) was used for further analysis [16]. Analysis conditions were given in our previous study
[6]. Constituents were identified by comparing the mass spectra obtained with those of standard mass spectra from the NIST
library (Famedb23.L, NIST02.L) [16].

Sterol Analysis. The ISO 12228:1999 standard method was used to determine sterol compositions [16]. Betulin and
5α-cholestan-3β-ol were used as internal standards. A GC (Perkin Elmer, USA) system equipped with an FID detector and
SE-54 column (5% phenyl–1% vinylmethylpolysiloxane, 30 m × 0.32 mm × 0.25 μm) were used for separation. Analysis
conditions were given in our previous study [6].

Total Phenolic Content. The Folin–Ciocalteu method was used to determine total phenolic content [17].
Total Flavonoid Content. The aluminum chloride colorimetric assay method was used to determine total flavonoid

content [17].
DPPH (1,1-diphenyl-2-picrylhydrazyl) Radical Scavenging Activity. The DPPH radical scavenging capacity was

investigated via the method described by Pavithra et al. [22]. Various concentrations (0.3 to 30 mg/mL) were studied, and an
inhibition percentage was calculated via the following formula:

DPPH Radical Scavenging Activity (%) = 100 × [(A0 – A1)/A0)],
where A0 represents the absorbance of the control, and A1 represents the absorbance of the tested material.

TABLE 4. Sterol Composition of T. spicata Seeds, mg/100 g

Sterol T. spicata Sterol T. spicata 

Campesterol 9.20 ± 0.41 δ-5-Avenasterol 17.26 ± 0.52 
Stigmasterol 12.34 ± 0.73 δ-5,24-Stigmastadienol 15.65 ± 0.43 
â-Sitosterol 39.79 ± 0.82 δ-7-Avenasterol 2.07 ± 0.32 
Sitostanol 1.89 ± 0.21 δ-7-Stigmastenol 1.8 ± 0.23 

 ______
Data presented as means ± SD, n = 3.

TABLE 5. Total Phenol and Total Flavonoid Content and Antioxidant Activity of T. spicata Seeds

Parameter T. spicata Parameter T. spicata 

Total Phenolic Content, mg GAE/g 47.57 ± 0.04 ABTS, μmol/g seed 910 ± 14 
Total Flavonoid Content, mg QE/g 4.36 ± 0.04 CUPRAC, μmol AAE/g seed 385.3 ± 30 

DPPH, % 81.71 ± 0.66   
 ______

Data presented as means ± SD, n = 3.
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ABTS (2,2′-azinobis(3-ethylbenzothiazoline-6-sulphonic acid)) Scavenging Activity. ABTS radical–cation
scavenging capacity was performed according to the method described by Apak et al. [23].

CUPRAC (Cupric Ion Reducing Antioxidant Capacity) Activity. The CUPRAC assay was performed according
to the method described by Apak et al. [23].
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