Origina[ article / Ara§t|rma makalesi J Integrative Anatolian Med & Butunleyici Anadolu Tibbi Derg, 2025; 6(1): 1-8
Article language “English” / Makale dili “ingilizce” DOI: 10.53445/batd.1669871

"Igdir University,
Research Laboratory
Practice and Research
Center, 76000 Igdir,
Tarkiye

2Tokat Gaziosmanpasa
University, Faculty of Arts
and Sciences,
Department of
Chemistry, 60240 Tokat,
Tarkiye

*Correspondence:
rerenler@gmail.com

ORCID iD:
0000-0002-0505-3190

Received:

4 April 2025
Accepted:
26 April 2025

Quantitative analysis and antioxidant activity of
Trifolium pratense L. stem

Trifolium pratense L. govdesinin kantitatif analizi ve antioksidan aktivitesi

Ramazan Erenler" %2, ilyas Yildiz'"), Esma Nur Geger?'”), ibrahim Hosaflioglu,
Sileyman Muhammed Celik®

r-—----

ABSTRACT

The use of natural products for medical and nutritional purposes dates back to ancient times and has made significant
contributions to the discovery and development of drugs, thanks to the compounds they contain. In this study, quantitative
analysis of phenolic compounds and antioxidant activity of Trifolium pratense stem were determined. Rutin (0.075 mg/g
extract), salicylic acid (0.044 mg/g extract), trans-ferulic acid (0.004 mg/g extract), gallic acid (0.003 mg/g extract), and
hesperidin (0.024 mg/g extract) were determined as major compounds. The antioxidant activity of the methanol extract of
the stem was evaluated using the DPPH and ABTS assays. In the DPPH assay, the extract exhibited moderate activity with
an ICso value of 17.22 £ 0.67 pg/mL. The activities of BHA and BHT were calculated as (5.47 £ 0.23, ICso, ug/mL) and (10.67
% 0.20, ICso, ug/mL), respectively. Regarding the ABTS activity, the extract displayed high activity (ICso, 9.03 = 0.11 pg/mL).
The standard BHT activity was detected as 9.51 = 0.25 pg/mL (ICso). Trifolium pratense stem could be a valuable source of
antioxidant and bioactive compounds that can be isolated from the corresponding plants.
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OZET

Dogal Urlnlerin tibbi ve beslenme amacli kullanimi ¢gok eski gaglara dayanmakta olup, igerdikleri bilesikler sayesinde
ilaglarin kesfi ve gelistirilmesine 6nemli katkilarda bulunmustur. Bu gcalismada, Trifolium pratense govdesinin fenolik
bilesiklerinin kantitatif analizi ve antioksidan aktivitesi belirlenmistir. Rutin (0,075 mg/g ekstre), salisilik asit (0,044), trans-
ferulik asit (0,0385), gallik asit (0,0329) ve hesperidin (0,024) ana urln olarak belirlenmistir. Sapin metanol ekstresinin
antioksidan aktivitesi DPPH ve ABTS analizleri kullanilarak degerlendirilmistir. DPPH analizinde ekstre, 17,22 + 0,67
pg/mL’lik bir ICso degeriyle orta diizeyde aktivite gostermistir. BHA ve BHT aktiviteleri sirasiyla (5.47 + 0.23, ICso, ug/mL) ve
(10.67 = 0.20, ICso0, pg/mL) olarak hesaplandi. ABTS aktivitesine gelince, ekstre yluksek aktivite gosterdi (ICso, 9.03 = 0.11
pg/mL). Standart BHT’nin aktivitesi 9.51 + 0.25 pg/mL (ICso) olarak tespit edildi. Trifolium pratense sap, ilgili bitkilerden
izole edilebilen degerli biyoaktif bilesik kaynagi ve antioksidan olabilir.
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Trifolium pratense L. stem

Introduction

Human beings have been using plants as a source of
nutrients for years (Cragg et al., 1997; Guemidi et al., 2024;
Sahin Yaglioglu et al., 2013; Topgu et al., 1999). With the
development of spectroscopy in the 19" century, the
importance of plants increased considerably. Bioactive
compounds in plants have been isolated by
chromatographic methods, and their structures have been
determined by spectroscopic techniques (Zerrouki et al.,
2022). Bioactive compounds have been used in the
pharmaceutical and food industries (Aksit et al., 2014; Bayir
et al.,, 2014). Thus, active compounds in plants have
become avaluable resource inthe pharmaceuticalindustry
(Erenleretal., 2014; Kayaetal.,2014; Tirkmen et al., 2014).
Intensive studies are being conducted on the synthesis of
natural compounds. These studies include total synthesis,
semi-synthesis, and functionalization of natural products
(Lu et al., 2014). Synthetic chemists have taken inspiration
from natural products and have begun to synthesize them
(Celik et al., 2007; Erenler et al., 2007; Erenler et al., 2006;
Erenler etal., 2009). Thus, new drugs have been introduced,
which are a turning point in drug discovery. Quantitative
analysis of phenolics is crucial for various fields, including
medicine, and Accurate

agriculture, industry.

measurement allows for better utilization of plant
resources, improved health benefits, and enhanced
product quality (Erenler, Demirtas, et al., 2018; Erenler,
Telci, et al., 2018; Erenler et al., 2015; Geng et al., 2020).
defend

herbivores, and environmental stresses. They contribute to

Phenolics help plants against pathogens,
the regulation of growth and signaling pathways in plants.
Determining the amount of phenolic compounds in a plant
with a high concentration will allow the isolation of these
compounds from the relevant plant. Phenolic compounds
are plant-derived secondary metabolites with significant
pharmaceutical applications due to their diverse biological
activities (Atalar et al., 2023; Erenler, Atalar, et al., 2023;
Erenler, Geger, et al., 2022; Erenler, Karan, et al., 2023;
Erenler, Yaman, et al., 2023; Yaman et al., 2022). Their
importance in medicine and drug development stems from
their antioxidant, anti-inflammatory, antimicrobial,
anticancer, and neuroprotective properties (Bakchiche et
al., 2024; Guemidi et al., 2024; Houari et al.,, 2024).
Phenolics neutralize free radicals, reducing oxidative
stress-related diseases such as cardiovascular disorders,
diseases (e.g.,

diabetes, and neurodegenerative

Alzheimer’s, Parkinson’s) (Erenler et al., 2014).

Flavonoids are widely found in plants and have the
benzo-y-pyrone structure. They are synthesized via the
phenylpropanoid pathway and exhibit broad biological
activity. Flavonoids scavenge free radicals and chelate
metal ions, thus exhibiting antioxidant effects. Flavonoids

can induce human protective enzyme systems. Numerous
studies have suggested that flavonoids have protective
effects against various infectious diseases (bacterial and
viral) and degenerative diseases, including cardiovascular
diseases, cancers, and other age-related conditions
(Hadjra et al., 2023; Khodja et al., 2023; Ortiz et al., 2022).

Free radicals are reactive oxygen species produced by
oxidative processes in the mammalian body (Gecer, 20283;
Gecer et al., 2023). The human body has many defense
mechanisms against oxidative stress. Under conditions
such as poor lifestyle and exposure to environmental
factors such as cigarette smoke and UV radiation, the
body’s antioxidant enzymes become insufficient. Excess
free radicals damage the structure and function of the cell
membrane, leading to conditions such as Alzheimer’s,
aging process, acute liver toxicity, cardiovascular disease,
arteriosclerosis, nephritis, diabetes mellitus, rheumatism,
inflammatory process and DNA damage that can lead to
(Erenler & Hosaflioglu, 2023).
antioxidant-based drug formulations are used for the

carcinogenesis Many
prevention and treatment of such diseases (Demirtas et al.,
2013). In recent years, interest in natural antioxidants for
use in the food, cosmetics, and pharmaceutical industries
has increased due to the carcinogenic effects of synthetic
antioxidants (Aissous et al., 2023; Zaoui et al., 2022).
Antioxidant phytochemicals found in vegetables, fruits, and
medicinal plants have received increasing attention due to
their potential roles in disease prevention (Elmastas et al.,
2004).

The Trifolium genus, which belongs to the Leguminosae
family, comprises approximately 300 species. Trifolium
pratense L. is an important forage plant widely grown in
most temperate regions due to its high seedling vigor and
fast growth characteristics. Trifolium pratense L. has
potential applications in herbal dietary supplements, the
treatment of menopausal symptoms, and the maintenance
of bone and cardiovascular health. Trifolium species have
been reported to display various biological activities. T.
alexandrinum L. displayed antioxidative, hepatoprotective,
and antibacterial properties, while Trifolium angustifolium
L. revealed an antioxidant effect. T resupinatum L.
exhibited anti-inflammatory properties (Kolodziejczyk-
Czepas, 2012). It has also recently attracted great attention
due to its positive effects on the breast and endometrium
(McKenna et al., 2018).

Here, a methanol extract of Trifolium pratense stem was
prepared, and phenolic compounds were quantitatively
analyzed. Moreover, the antioxidant activity of this extract
was examined.



Material and methods
Plant material

Trifolium pratense was collected from the Igdir University
campus, and its botanical identification was carried out by
Dr. Belkis Muca Yigit. A specimen was deposited in the Igdir
University Herbarium (No: INWMO00000113).
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Extraction and LC-ESI-MS/MS analysis

Trifolium pratense stem was powdered and extracted with
methanol for 24 hours at room temperature. After removing
the solvent, the crude extract was obtained. After the
dilution from stock solution (1 mg/mL), the extract was
subjected to LC-MS/MS analysis to quantify the phenolic
compounds (Figure 1) (Basar et al., 2024).
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Figure 1. The MRM chromatogram Trifolium pratense stem

Antioxidant activity

Antioxidant activity of Trifolium pratense stem was carried
out using the DPPH radical scavenging and ABTS cation
scavenging assays. For the DPPH assay, samples at various
concentrations were treated with a DPPHe solution in
ethanol. Absorbance measurements were carried out at
517 nm, and the results were presented as ICs, values
(Erenler et al., 2021). For the ABTSe" radical cation
scavenging assay, the different concentrations of samples
were reacted with the ABTSe* solution. The measurement
was performed using a spectrophotometer at 734 nm. The
results were calculated as ICs, (Genc et al., 2021).

Statistical analysis

GraphPad Prism (version 8.00) was used for the statistical
analysis. A one-way ANOVA followed by Tukey multiple
comparison tests was performed. The results were
calculated as mean values * standard deviation (P < 0.05).
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Results and discussion

Quantitative analysis of phenolic compounds in plantsis a
significant area of research in natural product chemistry. A
plant with a determined phenolic content will guide further
scientific studies. Quantitative analysis of phenolic

compounds in Trifolium pratense stem by LC-MS/MS was

executed. Rutin (mg/g extract) (0.075), salicylic acid
(0.044), trans-ferulic acid (0.004), gallic acid (0.003), and
hesperidin (0.024) were determined as major compounds
(Table 1).

Table 1. Quantitative analysis of natural compounds in Trifolium pratense stem by LC-MS/MS (mg/g extract)

No Compound

RT Quantity

1 Gallic acid 3.23 0.003
2 Chlorogenic acid 7.11 0.001
3 Hydroxybenzaldeyde 7.60 0.001
4 Caffeic Acid 7.77 0.001
5 Syringic acid 8.41 0.027
6 Vanillin 8.66 0.002
7 o-Coumaric acid 9.39 0.001
8 Salicylic acid 9.54 0.044
9 t-Ferulic acid 10.12 0.004
10 Sinapic acid 10.77 0.003
11 p-Coumaric acid 11.54 0.001
12 Coumarin 11.57 0.010
13 Hesperidin 11.84 0.024
14  Isoquercitrin 11.81 0.002
15 Rutin 12.39 0.075
16  Kaempferol-3-glucoside 13.29 0.003
17  Fisetin 13.44 0.002
18 Naringenin 15.07 0.004
19 Hesperetin 15.87 0.003
20 Kaempferol 16.12 0.010

nd: not detected, RT: retention time

Rutin is a significant natural compound found in many
aromatic and medicinal plants, displaying a wide range of
biological activities. The high concentration of rutin in
Trifolium pratense stems provides the plant with high
biological activity. Rutin (3,3’,4’,5,7-pentahydroxyflavone-3-
rhamnoglucoside) is a flavonol. Rutin has a large variety of
activities such as sedative

biological activity,

anticonvulsant activity, anti-alzheimer activity,
antidepressant effects, analgesic effect, antinociceptive
effect, antiarthritic effects, antidiabetic effects, anti-
hypercholesterolemic effects, anti-hypercholesterolemic

effects, antiasthmatic activity, antiosteoporotic effect,

antiosteopenic effect, anticataract effect, anticataract,

anticancer effects, antibacterial activity, antifungal
activities, antiviral activity, antifatigue activity,
neuroprotective activity, retinoprotective activity,
nephroprotective  activity, wound healing activity

(Ganeshpurkar et al., 2017).

The effects of salicylic acid (SA) on human health have been
investigated for years. Salicylic acid, a phenolic compound,
plays a vital role in plant defense against pathogens. It is
found in fruits, vegetables, and spices in varying amounts.
Salicylic acid is the primary metabolite and active



ingredient of acetylsalicylic acid, an anti-inflammatory drug
used in clinical practice for over 100 years. In recent years,
scientific studies have determined that acetylsalicylic acid
is effective in preventing cardiovascular disease and
colorectal carcinoma (Randjelovi¢ et al., 2015).

The antioxidant activity of Trifolium pratense stem was
investigated using the DPPH and ABTS assays. The extract
revealed the moderate DPPH activity (ICso, 17.22 = 0.67
pg/mL). The standard BHA and BHT activities were recorded
as 5.47 £ 0.23 (ICso, pg/mL) and 10.67 £ 0.20 (ICso, pg/mL),
respectively. The same trend was observed for the ABTS
assay. The extract activity was determined as 9.03 = 0.11
pg/mL (ICs0). BHT activity was detected as 9.51 = 0.25
pg/mL (ICso) (Figure 2).
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Previous studies reported that the plants had antioxidant
activity due to their secondary metabolite contents. Rubia
tinctorum L. essential oils were reported to reveal
considerable antioxidant activity (Houari et al., 2024).
Plants have been used for synthesis of nanoparticles (Dag,
2022; Erenler & Dag, 2022; Gecer, 2021). Bioactive
compounds in plants act as reducing, stabilizing and
capping agents (Erenler & Gecer, 2022a, 2022b; Gecer &
Erenler, 2022a). Due to the properties of nanoparticles and
bioactive compounds capped the silver ions, nanoparticles
were observed to display the considerable antioxidant
activity (Gecer & Erenler, 2022b; Gecer, Erenler, et al., 2022;
Sahin Yaglioglu et al., 2022).
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Figure 2. Antioxidant activity of Trifolium pratense stem. Means (three replicates) followed by different letters (a, b, and c)

express a statistical difference (P < 0.05).

Conclusions

The phytochemistry of Trifolium pratense stem was

evaluated. Quantitative analysis of phenolics was
executed. The pharmaceutically significant compounds
were determined as major products. Hence, this study will
guide the synthesis chemist for further studies. The high
concentrated compounds in Trifolium pratense stem such
as rutin, salicylic acid, t-ferulic acid, gallic acid, and
hesperidin can be isolated by chromatographic methods
and their structures can be identified by spectroscopic
techniques. The usability of Trifolium pratense stem extract

in food supplement can be investigated.
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