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For a long time, many cultures around the world have used Tribulus terrestris L. in the prevention
and treatment of various diseases. In this study, the antioxidant activity and total phenolic and
flavonoid content of extracts obtained with various solvents from T. terrestris plant collected from
different localities in Kahramanmaras were investigated. In addition, the fixed oil content of the
extracts was examined by GC-MS analysis and as a result, 26 different fatty acids were determined.
The main fatty acid components of plant extracts are linoleic acid, oleic acid and palmitic acid. The
total phenolic substance value of plant extracts varies between 2.20-18-77 mg g, total flavonoid
amount varies between 0.06-0.50 mg g%, FRAP value varies between 6.16-23.50 ug ¢'* and DPPH
value varies between 1.54-10.54 ug mL%. It was observed that the solvents used in extraction affected
the bioactivity values rather than the locations. Although the absorbance values of the extracts
obtained with hexane were high, low extract yield affected the results. The highest values in all
characters examined were obtained from ethanolic extracts.

Tiirk Tarim — Gida Bilim ve Teknoloji Dergisi, 9(8): 1448-1454, 2021

Farkh Lokalitelerden Toplanan Tribulus Terrestris L.’in Yag Asidi Bilesimi ve
Antioksidan Iceriklerinin Karsilastirilmasi
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Coziici

Tribulus terrestris

Uzun zamandan beri, diinyadaki pek ¢ok kiiltiir tarafindan, gesitli hastaliklarin 6nlenmesi ve
tedavisinde Tribulus terrestris L. bitkisi kullanilmistir. Bu ¢alismada, Kahramanmaras’taki farkli
lokalitelerden toplanan T. terrestris bitkisinden, c¢esitli ¢oziiciilerle elde edilen ekstraktlarin,
antioksidan aktivitesi ile toplam fenolik ve flavonoid igerigi incelenmigtir. Ayrica ekstraktlarin sabit
yag igerigi GC-MS analizi ile incelenmis ve sonug olarak 26 farkli yag asidi belirlenmistir. Bitki
ekstraktlarinin baslica yag asidi bilesenlerini linoleik asit, oleik asit ve palmitik asit olugturmaktadir.
Bitki ekstraktlarinin toplam fenolik madde degeri 2,20-18-77 mg g%, toplam flavonoid miktar1 0,06-
0,50 mg g* FRAP degeri 6,16-23,50 ug g' ve DPPH degeri 1,54-10,54 png mL? arasinda
degismektedir. Biyoaktivite degerlerini lokasyonlardan ziyade ekstraksiyonda kullanilan ¢dziiciilerin
etkiledigi goriilmiistiir. Hekzanla elde edilen ekstraktlarin abzorbans degerleri yiiksek olsa da diisiik
ekstrakt verimi sonugclar etkilemistir. Incelenen tiim karakterlerde en yiiksek degerler etanolik
ekstraktlardan elde edilmistir.
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Introduction

People have always suffered from infections caused by
bacteria, fungi, viruses and parasites, as well as many
ailments such as inflammation, colds, digestive problems,
pain, and have applied natural and herbal remedies to treat
these ailments (Wink, 2005; Sevindik et al., 2017;
Mohammed et al., 2018). In the researches, it is estimated
that 20.6% of the world population will be over 60 years old
in 2050 (Cohen, 2001). These statistical estimates highlight
the efforts to protect and improve the health of the ageing
population. However, the failure and side effects of various
chemotherapeutics available on the market have led global
scientists and researchers to seek an alternative method to
cure diseases and protect the health of the elderly population
(Mohammed et al., 2020; Pandey and Gupta, 2020;
Sevindik, 2020). The belief that frees radical reactions
accelerate the ageing process means that interventions aimed
at limiting or preventing them will decrease the rate of
ageing and disease pathogenesis (Fusco et al., 2007;
Sevindik, 2021). This has prompted research on the potential
role of antioxidant plants in therapeutic or preventive
strategies (Noordin et al., 2020). Bioactive secondary
metabolites and phytochemicals from medicinal plants are
expected to be more specific, biodegradable and have fewer
side effects, so they can be a very good source for obtaining
new and more effective drugs (Pandey and Gupta, 2020;
Mohammed et al., 2019). Natural antioxidants and
antimicrobials have many advantages over synthetic ones
for human health and the environment (Tian et al., 2019-A).
Plant-based antimicrobials are represented by a wide range
of resources, and therefore continuous and further
investigation of plant antimicrobials will lead to the
discovery of new drugs. The main benefits of using plant-
derived medicines are that they are more affordable, offer
effective therapeutic benefits, and are relatively safer than
synthetic alternatives (Pandey and Gupta, 2020; Mohammed
et al., 2021). As a result, compounds derived from these
plants can be developed as health supplements or potential
medicinal drugs in addition to maintaining the health of the
ageing population (Noordin et al., 2020). For this reason,
many plants that were previously collected from nature will
need to be cultivated and grown in order to meet the
demands of consumers. Tribulus terrestris L. also seems to
be one of these plants (Pandey and Gupta, 2020).

T. terrestris, known as Gokshur (Sanskrit), Caltrops
(English); Gokhru (in Hindi); and Khan-e-khusakkhurd
(Urdu), Qutib to (Bedouin language) in several countries
(Amin et al., 2006; Chhatre, 2014). In Turkey, T. terrestris
named as Demirdikeni, Carikdikeni, Cobang¢okerten or
Devegokerten (Baytop, 1999). This herb, which is very
common in our country, is used as infusion to treat stone
reliever, diuretic and strengthener (Baytop, 1999). Tribulus
is a genus of the Zygophyllaceae family. Tribulus has about
20 species in the world, but there are only T. terrestris
species in Turkey. Over the past few decades, extensive
research studies have been conducted to prove their
biological activity and the pharmacology of its extracts.
Anticancer (Kimetal., 2011), antimicrobial (Gopinath et al.,
2012), antioxidant (Hammoda et al., 2013), analgesic and

anti-inflammatory (Tian et al., 2019-B), antiurolitic,
antidiabetic, cardiotonic (Amin et al., 2006), tonic,
aphrodisiac, sexual enhancer (Akram et al, 2011),

immunomodulator, absorption enhancer, hypolipidemic,
antispasmodic (Chhatre, 2014) properties of T. terestris were
investigated.

Although there are many pharmacology studies showing
that T. terrestris functions well as an antioxidant and
antimicrobial (Gopinath et al., 2012; Hammoda et al., 2013;
Mohammed et al., 2014; Tian et al., 2019-A; Noordin et al.,
2020), there are very few reports about fatty acids (Tian et
al., 2019-B). Thus, the aim of this study is to investigate the
content of beneficial bioactive compounds and antioxidant
activities in T. terrestris plant. The total phenolic and
flavonoid content, antioxidant activity of the plants collected
from three different locations in Kahramanmaras and the oil
content of the extracts were investigated and the analysis of
the fatty acid composition was performed in GC-MS.

Material and Methods

Plant Material

T. terrestris plant specimens used in this study were
collected during the summer vegetation of 2019 from three
different locations in Kahramanmaras namely, Aksu in
Onikisubat District, Ilica in Dulkadiroglu District and
Kanlikavak in Goksun District (Figure 1). The
identification of the plant was made using Flora of Turkey
and the East Aegean Islands Volume 2. (Davis, 1967).
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Figure 1. The presentation of the locations where the
plants are collected on the map of Kahramanmaras
province
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Figure 2. GC-MS chromatograms obtained from fruit extracts of T. terrestris.
(A: Aksu Location, B: Ilica Location, C: Kanlikavak Location)

Sample Preparation

After the plants were collected, they were dried at room
temperature in a dry environment. The dried samples were
ground in a laboratory grinder (Waring Commercial) and
stored in glass bottles protected from light and moisture for
use in the experiment.

Extraction Method

Polyphenols were extracted from T. terrestris plant
samples with three different solvents: ethanol (Polarity
index: 5.2), methanol (Polarity index: 6.6) and hexane
(Polarity index: 0.0). The extraction method used was
modified from Miliauskas et al. (2004). The plant samples
were weighed as 10 g, 50 ml of methanol was added to each
of them and kept at room temperature overnight, and then
extracted in an ultrasonic water bath for 1 hour. After
centrifugation, the plant material was filtered with the help
of filter paper and the plant sample was extracted twice more
in the same way. After the extracts were collected and
centrifuged at 3500 rpm for 15 minutes, the solvent was
removed in a vacuum rotary evaporator and a dry extract was
obtained. The dried plant extract was stored at -20 C until
analysis.

Determination of Oil Content and Fatty Acid
Composition of Plant Extracts

Analysis of fatty acids of fixed oil obtained from seeds
by the soxhlet method was performed by GC-MS according
to Comlekcioglu (2019). GC-MS analyzes were performed
with the Schimadzu GC 2025 system®. A TRCN-100 (60m
x 0.25 mm x 0.20 pm film thickness) SE-54 fused silica
capillary column was used. The electron energy is 70 eV.
The injection amount is 1 pl. After the samples were kept at
80°C for 2 minutes, the temperature was increased by 5°C
per minute and kept at 140°C for 2 minutes. Following this

process, it was kept at 240°C for 5 more minutes with an
increase of 3°C per minute. The total analysis time was set
as 61 minutes. The injections were carried out in split mode
(1:50) at 240°C and the detector temperature was 250°C.
Helium is used as carrier gas and its flow rate is adjusted to
30ml / min. The gas flows used were determined as H2 =
40ml / min and dry air = 400ml / min.

Determination of Total Phenolic and Flavonoid
Contents and Antioxidant Activity

Determination of Total Phenolic Content

Total phenolic content of the samples was determined
using the Folin-Ciaceltaeou Reactive (FCR) method which
was modified from Obanda et al. (1997). Gallic acid (Sigma)
was used as standard. The prepared solutions were read at
750 nm in a spectrophotometer (Perkin-Elmer Lambda EZ
150, USA). The absorbance values obtained were calculated
in terms of mg gallic acid equivalent (GAE) / g dry sample
weight with the help of the calibration curve created with
gallic acid solutions.

Total Flavonoid Content Determination

Total flavonoid content in plant extracts was determined
spectrophotometrically according to Chang et al. (2002).
The standard solution was calculated with quercetin (Sigma)
prepared at different concentrations (25-200 pg / mL).
Absorbance was read in a spectrophotometer at 415 nm. The
absorbance values obtained were converted into pg
quercetin equivalent / g dry sample weight.

Antioxidant Activity Determination

DPPH (1,1-Diphenyl-2-Picrylhydrazyl) Method

Antioxidant capacity (reduction capacity of free
radicals) was defined by the DPPH method which was
modified from Brand-Williams et al. (1995). Five different
concentrations of solutions were prepared by diluting each
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plant extract. Ascorbic acid was used as the positive
control. The results are shown as the 1C50, which is the
concentration required to reduce 50% of DPPH free
radicals.

FRAP (Ferric Reducing Antioxidant Power) Method:
The determination of iron ion reducing antioxidant power
(FRAP) was done according to Benzie and Strain (1996).
50 pL of plant extracts were transferred to 2mL eppendorf
tubes and 600 pl of FRAP agent was added. Absorbance
was measured at 593 nm. Results were calculated as pmol
ascorbic acid equivalent / g dry plant weight using ascorbic
acid (100-1000 pmol / L) calibration graph.

Results and Discussion

Fatty Acid Composition

The oil contents of the plants were revealed as a result
of GC-MS measurements, and the data of the fatty acid
composition of the extract are given in Table 1 and GC-MS
chromatogram in Figure 2. As a result of oil extraction, the
oil amounts of plant extracts collected from Dulkadiroglu /
Aksu, Onikisubat / Ilica and G6ksun / Kanlikavak locations
were found to be 4.51%, 3.38 and 4.15%, respectively.
According to the measurement results, a total of 26
different fatty acids were determined in T. terrestris
extracts, 14 of which are saturated and 12 of which are
unsaturated. Despite the diversity in saturated fatty acids,
its ratio in all fatty acids was found to be low. Surprisingly,
the majority of the oils from T. terrestris plant extracts
(49.94-74.38%) appear to consist of polyunsaturated fatty
acids (PUFAs). According to the analysis, palmitic acid
(7.96-12.22%), oleic acid (13.28-28.99%) and linoleic acid
(48.38-71.00%) constitute the main fatty acid components
in T. terrestris extracts. In the samples examined, some
compounds  (caproic, caprylic, capric, cis-10-
heptadecanoic, arachidonic acids) were found only in
plants collected from the Aksu location. It has been
determined that some fatty acids (cis-5.8.11.14.17-
Eicosapentaenoic, Cis-8,11,14-Eicosatrienoic,
Tricosanoic, Heptadecanoic, Lauric, Butyric acids) are
absent at the Kanlikavak location. Significant quantitative

The Average of Phenol Absorbance Values
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and qualitative changes were observed in some fatty acids
ranging up to 1-2-fold concentration differences between
locations. In the literature review, the scarcity of studies on
the fatty acid composition of T. terrestris's fruit has drawn
attention. Tian et al. (2019-B), obtained the main fatty
acids in T. terrestris fruits as 7-octadecanoic acid, 9,12-
octadecadienoic acid. Javaid et al. (2019) obtained the
main fatty acids in the body of the plant as oleic, palmitic,
6,9,12,15-docosatetraenoic acid, pentadecanoic acid, 9,12-
octadecadienoic acid, which is quite different from the
results obtained in this study. It can be said that these
differences in fatty acid ratios, both in other studies
conducted in the world and in this study, are the responses
given by plants to the combination of geographical or local
ecological conditions.

While polyunsaturated fatty acids (PUFA) were found
at the highest rate, monounsaturated fatty acids (MUFA)
were identified at lower rates (Table 1). Palmitic (C16: 0),
oleic (C18: 1) and linoleic acids (C18: 2n6) were found in
extremely high ratios in their category (SFA-MUFA-
PUFA) as well as being the main fatty acids in the sample.
Palmitic and oleic acids are the most abundant fatty acids
in human tissues (Gunstone et al., 2007). These molecules
exhibit health-promoting benefits in preventing cancer,
causing a reduction in body fat, reducing obesity, anti-
inflammatory properties, and eliminating the severity of
atherosclerosis and diabetes (Reiffel and Donald, 2006;
Jabeur et al., 2017). Other PUFAs have been reported to
exhibit physiological functions in promoting normal
human metabolism, survival and death of heart cells,
neuronal membrane development, and prevention of
cancer (Pelliccia et al., 2013; Buckley et al., 2017).
Linoleic acid is a polyunsaturated omega-6 fatty acid and
one of the two essential fatty acids that should be taken
through the diet (Whitney and Rolfes, 2008). Therefore, a
diet rich in foods containing omega 3-6-9 fatty acids is
extremely important for our health. On the other hand, due
to the higher content of mono and polyunsaturated fatty
acids than saturated fatty acids, the fatty acid composition
obtained from T. terrestris plant extracts is quite suitable
for human nutrition.

Crude Extract (%)
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Figure 3. Absorbance values of the average of phenolic content and crude extract (%)
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Table 1. Fatty acid compositions of T. terrestris collected from different locations (%)

Kanlikavak

Lokasyon/Location

Carbon Numbers Yag asitleri Fatty Acids Dulkadiroglu/AksuOnikigubat/IlicaGoksun/Kanlikavak
C4:0 Butyric acid 0.088 £0.01 0.224 £ 0.01 -

C6:0 Caproic Acid 0.068 £ 0.02 - -

C8:0 Caprylic Acid 0.043 £ 0.001 - -
C10:0 Capric Acid 0.113 +£0.02 - -
C12:0 Lauric Acid 0.223 +0.01 0.102 +0.00 -
C14:0 Myristic Acid 0.587 +0.02 0.512+0.03 0.247 £ 0.01
C15:0 Pentadecanoic Acid 0.032 +0.01 - 0.051 +£0.00
C16:0 Palmitic Acid 12.22+0.21 10.769 £ 0.04 7.959£0.11
C17:0 Heptadecanoic Acid 0.056 + 0.00 0.071 £ 0.00 -
C18:0 Stearic Acid 3.306 £0.12 4.909 +0.02 2.871+£0.10
C20:0 Arachidic Acid 0.17£0.03 0.194 £ 0.01 0.091 £ 0.00
C22:0 Behenic Acid 0.085+0.00 - 0.337+0.00
C23:0 Tricosanoic Acid 0.262 £0.01 0.255+0.01 -
C24:0 Lignoceric Acid 0.174 +£0.01 0,168 +0.01 0.272 +£0.01
Cl4:1 Myristoleic Acid 0.086 +0.01 0.093 +0.00 0.043 £ 0.02
Cle:l Palmiteloic Acid 0.27+£0.01 0.431 +£0.01 0.17£0.00
Ci7:1 Cis-10-Heptadecanoic Acid 0.053 £ 0.00 - -
C18:1 Oleic Acid 26.72+0.16  28.988+0.10 13.28 £ 0.21
C24:1 Nervonic Acid 0.146 £ 0.01 3.346 £ 0.03 0.295+0.01
C18:2 Linoleic Acid 51.50+£0.11  48.377+0.02 71.00+0.23
C18:3 gama-Linolenic Acid 0.22+0.01 0.271 £0.01 0.338 £0.12
C18:3 alfa-Linolenic Acid 2.55+0.02 0.69+0.01 2.88+£0.03
C20:3 Cis-8,11,14-Eicosatrienoic Acid 0.32+0.01 0.208 £ 0.00 -
C20:4 Avrachidonic Acid 0.046 = 0.00 - -
C20:5 cis-5.8.11.14.17-Eicosapentaenoic Acid 0.399 + 0.03 0.26 £ 0.00 -
C22:6 cis-4,7,10,13,16,19-Docosahexaenoic Acid 0.253+£0.01 0.13+0.00 0.162 £ 0.02
(SFA) Ratio of saturated fatty acid 17.427 17.204 11.828
(MUFA) Ratio of monounsaturated fatty acid 27.281 32.858 13.792
(PUFA) Ratio of polyunsaturated fatty acid 55.292 49.936 74.38

Doymus Yag asidi Orani (SFA), Tekli Doymamis Yag Asidi Oran1 (MUFA), Coklu Doymamis Yag Asidi Orani (PUFA)
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Table 2. Total phenolic and flavonoid contents and antioxidant activity in T. terrestris extracts

Location Solvent Fenol/Phenol Flavonoid FRAP IC50 degeri/IC50 Value
(mg GAE g*) (mgQEg"Y)  (ngAAEgH (%DPPH) (ug mL™)

Ethanol 14.93 £0.25 0.44+0.012 20.83 £ 0.69 3.27+0.003

Aksu Methanol 13.55+0.21 0.26 +0.009 13.09 £ 0.25 3.69 + 0.002
Hexan 2.65+0.05 0.07 £0.001 742 +£0.13 10.54 £0.16
Ethanol 18.21 +£0.35 0.50 = 0.000 21.10+1.09 1.54 £0.021

Ilica Methanol 15.16 £0.29 0.41 £ 0.005 18.03 £ 0.07 2.09 +0.024
Hexan 2.23+0.05 0.06 £ 0.002 10.39 £0.17 6.97£0.13
Ethanol 18.77 £ 0.48 0.45+£0.016 23.50+0.15 1.81 +0.005

Kanlikavak|{ Methanol 15.43 £ 0.03 0.27 £0.013 20.52+£0.21 2.9+0.04
Hexan 2.20+0.01 0.06 = 0.003 6.16 £ 0.04 8.94+0.27

Antioxidant Activity Conclusion

In this study, total phenolic and flavonoid content of T.
terrestris plant with Folin-Ciocalteu and AICI3 experiments
and antioxidant activity with DPPH and FRAP tests were
determined and the results are given in Table 2. When the
results are evaluated according to location, phenol and frap
characters of Kanlikavak; flavonoid and DPPH characters of
Ilica has higher values than other locations. But the real
change is seen in the solvent rather than the location. When
evaluated according to the solvent, ethanol is superior in all
the characters examined. According to the absorbance
results in the experiments, a ranking was formed as hexane>
methanol> ethanol. However, the reverse order (ethanol>
methanol> hexane) was seen in the crude extracts (Figure 3).
Since the crude extract values were included in the
calculations, it was seen that the order of ethanol>
methanol> hexane was valid (Figure 4). Phenolic
compounds and flavonoids derived from plants have been
shown to have abundant antioxidant activity in food
products. Generally, extracts with high radical scavenging
activity have high phenolic content. The differences
observed in the composition may be due to many variables
such as the solvent used to obtain the extract, soil quality,
geographical and climatic differences and the harvest period
(Stefanescu et al., 2020). In this study, locality and
individual differences caused differences in the chemical
contents of plants. However, the effect of the solvent used
on the results reveals the importance of solvent selection in
extraction.

When the literature data are examined, T. terrestris of
Chinese, Indian and Bulgarian origin has been studied
extensively. However, the phytochemical studies on T.
terrestris located in Turkey, Russia, South Africa, Australia,
Azerbaijan and Romania is inadequate (Hashim, 2014). T.
terrestris is a plant known effects in Turkey and consumed
among the people. Zheleva-Dimitrova et al. (2012) found the
IC50 value as 2.84-4.56 mg mlt in T. terrestris herbal
extracts and they stated the FRAP value as 2.29-3.33 mg.
Tian etal. (2019-A) found the IC50 value of T. terrestris leaf
extracts as 10.47 pg mL™. These values are higher than the
ethanol and methanol extracts obtained in this study.
However, the lower the 1C50 value in DPPH analysis, the
better it is possible to remove free radicals and thus the free
radical chain reaction can be disrupted (Lim et al., 2007).
Therefore, extracts obtained from the plant using ethanol or
methanol may be suitable for the pharmaceutical and food
industries in the research of natural, environmental and
healthy antioxidants and in the treatment of free radical
pathologies, as they have higher antioxidant power.

In this study, phytochemical content analysis of T.
terrestris, which was collected from different locations in
the Kahramanmaras region, was carried out considering
the effective use of traditional medicine. The results
showed the presence of different bioactive ingredients of
T. terrestris in varying amounts according to locations.
These compounds are known to be responsible for the
antioxidant and antimicrobial capacity of plants. In this
regard, the plant is a powerful natural source of
antioxidants and may be useful in the treatment of free
radical pathologies. Omega 3 fatty acids a-Linolenic acid,
eicosapentaenoic acid and docosahexaenoic acid; linoleic
(major component) and gamma-linolenic acid of omega 6
fatty acids; It has an important profile as it contains omega
3-6-9 fatty acids, including oleic acid (major component),
one of the omega 9 fatty acids. The data obtained in this
study will help to understand the characteristics and
advantages of this traditional herb used in folk medicine
and will be applicable in the future to develop new products
and herbal medicines.
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