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Abstract

The primary aims of this study were to assess the antioxidant activity and evaluate the toxicity of ethanolic Gnetum
gnemon L. leaf extracts. The ultimate goal was to identify this extract as a promising natural antioxidant in the food
industry. The total phenolic content (TPC) was determined, and the antioxidant activities were assessed using the
2,2-diphenyl-1-picrylhydryzyl (DPPH) test, ferric reducing antioxidant power (FRAP) assay, and 2,2'-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assay. Liquid Chromatography-Mass Spectrometry (LC-MS) was
employed to ascertain the bioactive components accountable for antioxidant activity, whereas the brine shrimp
mortality assay was conducted to evaluate toxicity. The extract's TPC exhibited the highest value at 39.4 + 2.69 mg
GAE/g. The DPPH and ABTS assays demonstrated scavenging activity, with 1C50 values of 2.51 + 0.26 mg/mL and
5.02 + 0.30 mg/mlL, respectively. The FRAP assay measured the ferric-reducing antioxidant power activity yielding a
value of 696.67 + 13.56 pmol TEAC/g DW. LC-MS study detected the existence of 11 different non-volatile
compounds, including furaneol, traumatic acid, gentiatibetine, tryptophan, anofinic acid, diosmetin, petunidin
3-O-glucoside, rhapontigenin, allixin, [10]-gingerol, and salidroside. These specific chemicals in the G. gnemon leaf
extract may have played a role in its antioxidant action. The LC50 of the leaf extract was determined to be
41.08 mg/mL, indicating that it exceeds the threshold of 1 mg/mL. This implies that the extract is not hazardous and
poses no threat to human health when consumed. Thus, the ethanolic extract of G. gnemon leaf can be confirmed
as a natural antioxidant agent suitable for creating natural additives that protect food from spoilage and counteract
oxidative degradation during storage and processing.

Keywords: Natural antioxidant; Gnetum gnemon L.; DPPH assay; FRAP; ABTS; Phenolic content; Phytochemical
composition; Food preservation; Toxicity evaluation.
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Highlights

. Gnetum gnemon L. leaf demonstrated antioxidant properties
. G. gnemon leaf contains no toxic content and is safe to use as a natural preservative

. G. gnemon leaf has the potential to be used as a natural antioxidant in the food industry

1 Introduction

There has been a significant emphasis on utilizing naturally derived antioxidants in food products in recent
decades. This is because investigations have suggested potential negative consequences associated with the
intake of artificial antioxidants. Various botanical substances, including fruits, spices, vegetables, herbs, and
seeds, are recognized as good sources of antioxidants. The concern in these natural compounds emerges not
only from their biological significance but also from their commercial implications, as the majority of them
can be derived from food by-products and underutilized plant species (Lourenco et al., 2019). Oxygen is the
most essential element in our metabolism, but it has the potential to initiate detrimental reactions
(Valko et al., 2006a). Reactive oxygen species (ROS), such as superoxide anion, singlet oxygen, lipid
peroxides, and hydroxyl radicals, are substances that are produced during normal cellular energy generation.
They have several important functions in the cell, including cell signaling, cell death, gene expression, and
the transportation of ions. Elevated amounts of ROS have the potential to cause harm to many crucial
components of our body, such as proteins, lipids, RNA, and DNA (Lii et al., 2010). Environmental variables
such as pressure, ultraviolet irradiation, contaminants, herbicides, and chemical substances from industry
contribute to the body's natural generation of ROS (Carocho & Ferreira, 2012; Lobo etal., 2010;
Augustyniak et al., 2010). Cancer, diabetes, atherosclerosis, arthritis, neurological illnesses, and accelerated
aging are all made more likely by oxidative stress, which occurs when ROS production exceeds clearance
(Valko et al., 2006b; Rajendran et al., 2014; Valavanidis et al., 2013; Wojtunik-Kulesza et al., 2016; Getoff,
2007). In addition to diseases, oxidative rancidity in food is another harmful effect caused by ROS in the
food industry (Velasco et al., 2009). Research has shown that synthetic antioxidants may have adverse
effects, including possible toxicity, despite their use in the food industry for reducing oxidative damage
alongside natural antioxidants. As such, plant-based alternatives should be given priority (Lourengo &
Alves., 2019; Lobo et al., 2010; Kumar et al., 2015; Xu et al., 2021). Antioxidant-rich leafy greens are
especially important for neutralizing free radicals, and their consumption has been associated with a reduced
risk of developing cardiovascular, cancer, diabetes, and neurological disorders (Aryal etal., 2019;
Adebooye et al., 2008).

Wild edible leafy plants are the primary source of dietary requirements of the indigenous community
around the world due to their medicinal and nutritional properties. These people consume these plants in
various forms such as salad, chips, pickles, tea, and juice (Aryal et al., 2019). Gretum gnemon L. is such a
plant that holds greater significance within indigenous communities and is utilized in numerous traditional
remedies to treat diverse illnesses. Furthermore, G. gnemon is an abundant and flourishing indigenous plant
found in the wild in Southeast Asia and the western Pacific Ocean islands. The tree is of medium size and
can reach a height of 15-20 meters, distinguishing it from other Gretum species that are primarily lianas. It is
referred to by several common names, such as Gnemon, Melinjo, Belinjo, Bago, and Paddy Oats. The young
leaves, inflorescence, and delicate tips of G. gnemon are edible and consumed as a vegetable in numerous
regions worldwide among indigenous people (Agarwal et al., 2020; Barua et al., 2015; Anisong et al., 2022).
In Indonesia, many forms of dishes made from the G. gnemon are famous among people (Verheij &
Sukendar, 2016). G. gnemon has therapeutic qualities in addition to its nutritional worth. It has been used to
cure ailments like asthma, bronchitis, and arthritis in traditional Chinese medical practices. The native
inhabitants of Northeast India also utilize its sap to cure eye problems and fever associated with malaria
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(Dutta et al., 2018; Barua et al., 2015). Seal & Chaudhuri (2016) studied the antioxidant properties of five
wild green vegetables in Meghalaya and India, including G. gnemon. The leaves exhibited the highest levels
of phenolic compounds and the strongest antioxidant activity. Santoso et al. (2010) assessed the antioxidant
properties and potential to prevent DNA damage in various edible parts of G. gnemon. They discovered that
the most prominent antioxidant activity was found in mature leaves, whereas young leaves demonstrated the
second-highest antioxidant activity. Previous studies have found bioactive components in G. gnemon leaf
extracts, including resveratrol, saponins, flavonoids, and tannins (Kato et al., 2011; Santoso et al., 2010).
However, to the best of our knowledge, no prior research using the Liquid Chromatography-Mass
Spectrometry (LC-MS) approach has been documented for G. gnemon leaf extracts. LC-MS was utilized in
this research to identify active radical scavengers and provide a scientific basis for their antioxidant activity.
The method’s ability to separate, identify, and quantify complex mixtures of compounds helped in
understanding the plant's potential benefits and application as natural additives (Tilvi et al., 2013).

Evaluating toxicity is a vital factor in screening pharmacological substances and applying them in
therapeutic settings (Pour et al., 2011). The study establishes a correlation between the responses of animals
and humans, showcases the effectiveness and safety of the treatment, and assists in selecting the appropriate
doses of the extract for future evaluation (Anwar et al., 2022). Toxicity studies serve to safeguard the
population at risk from potential injury and guarantee accurate evaluation of dosage for end users
(Mensah et al., 2019). G. gnemon leaf has been used for its therapeutic benefits and culinary purposes for a
long time. However, there is a lack of empirical evidence on the potential toxicity of the leaf, particularly
when evaluated using scientific techniques like the Brine Shrimp Lethality Assay. Therefore, a systematic
analysis of toxicity is needed to confirm the safety of G. gnemon leaf, bridging traditional usage with
scientific validation.

2 Materials and methods

2.1 Sample preparation and extraction

The Gnetum gnemon plant's fresh leaf was collected from the garden located at Universiti Putra Malaysia,
Serdang, Malaysia. The leaves were subjected to a comprehensive cleansing with tap water and afterward
dried in a professional oven drier (SMA-113, Smoke Master, Japan) until a uniform mass was achieved. The
leaves were subsequently crushed and pulverized using a food mixer (MX-G1012, Panasonic, Japan). Next,
the powder was sifted and placed in an airtight receptacle to shield it from atmospheric contact, maintaining
a temperature of 4°C until it was needed for subsequent applications. Figure 1 illustrates the process of leaf
sampling and drying.

For the extraction process, 100 g of powdered G. gnemon was immersed in a 400 mL solution of 95%
ethanol (Systerm, ChemAR, Kielce, Poland). The sample mixture was then stirred regularly for three days to
aid the maceration process, following the methodology described by Rukayadi et al. (2009) with a few
modifications. Afterward, the plant material produced from ethanol extraction was filtered using Whatman
No.1 filter paper (Whatman International Ltd., Middlesex, England). The filtrate obtained was concentrated
using a rotating vacuum evaporator (BUCHI Rotavapor R-200, Switzerland) set at a temperature of 50 °C
and a speed of 150 rpm. The crude extract was then stored at a temperature of 4 °C for further use.

2.2 Physicochemical properties evaluation

To determine the color and moisture content of G. gnemon fresh leaves, a physicochemical examination
was performed on its dried fine powder. The color study was carried out with a colorimeter (CR-400, Konica
Minolta, Japan) using Lab* color analysis, while the moisture content determination was performed using a
moisture analyzer (MX-50, A and D Company, Japan). The analyses were repeated three times for accuracy.
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Figure 1. G. gnemon L. leaf sampling and drying: (a) leaf sample collection, (b) washing and organizing of sample,
(c) sample drying in oven, (d) dried leaves, (e) final powdered form after grinding and sieving.

2.3 Total phenolic content test using Folin-Ciocalteu assay

The estimation of total phenolic content (TPC) was conducted by employing the Folin-Ciocalteu reagent
following the methodology outlined by Singleton et al. (1999). The result was derived from a calibration
curve and expressed in gallic acid equivalents (GAE) per gram dry extract weight. The extract was diluted in
ethanol to 10 mg/mL, and a 0.5 mL portion was mixed with the reagent. A 7% sodium carbonate solution
was added to the mixture and allowed to react at room temperature for 1 hour. Gallic acid was used as a
reference standard in various concentrations (100-200 pg/mL). The absorbance at 715 nm was measured
using an Ultraviolet-visible (UV-Vis) spectrophotometer (UV-1650 PC, Shimadzu, Kyoto, Japan), and the
TPC was quantified as milligrams of GAE per gram of extract (mg GAE/g). The study was conducted in
triplicate, and the mean absorbance values were used to construct a calibration curve.
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2.4 Antioxidant activity assessment of ethanolic G. gnemon leaf extract

2.4.1 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay

DPPH radical scavenging activity was determined using the method described by Brand-Williams et al. (1995)
and Prieto (2012), with certain adaptations. Antioxidants present in the extract cause a transformation of the purple
color of DPPH to a yellowish hue (Rahman et al., 2015). The test was performed using a 96-well microplate
reader. A 10 mg/mL concentration of extract was added to the columns in a volume of 200 pL. The solution
was then serially diluted until the final concentration of 0.156 mg/mL. The Trolox standard was subjected to
a similar procedure, with concentrations ranging from 0.5 to 0.007 mg/mL. A 0.15M solution of DPPH was
added to each well and thoroughly mixed. The microplate reader was then placed in a dark environment for
30 minutes. The spectrophotometer microplate reader (Biotek Instruments, USA) was used to measure the
absorbance at 517 nm. The percentage of radical scavenging was calculated using the following Equation 1:

% DPPH radical scavenging activity = {(A0 — A1)/A0} x 100 (1

where A0 and Al are the absorbance measurements of the control and extract/standard, respectively.
DPPH was used as a control, and Trolox as a standard. The percentage of inhibition was plotted against
concentration to generate a regression equation, and from the equation, IC50 was calculated.

2.4.2 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic) (ABTS) assay

The free radical scavenging capacity of G. gnemon leaf extract was determined using the 2,2'-azino-bis
(3-ethylbenzothiazoline-6-sulfonic) (ABTS) acid radical cation decolorization assay. The assay was
conducted by adhering to the techniques outlined by Wanakhachornkrai et al. (2020) with minor adjustments.
To initiate the activation of the ABTS-+ cation radical, ABTS solution (1:1 of 7.00 mM ABTS +2.45 mM
potassium persulfate) was produced 12 hours before the experiment. The ABTS-+ solution was further
diluted with methanol until it reached an absorbance of 0.700 at 734 nm, using a UV-vis spectrophotometer
(Shimadzu, Kyoto, Japan). Different concentrations of G. gnemon leaf extract (0.156 to 10 mg/mL) were
combined with 100 pL of diluted ABTS solution at a 1:1 ratio. Trolox was used as a standard in different
concentrations (3.9 to 500 pg/mL) combined with ABTS solution. Subsequently, the mixtures are stored
in a dark room for 15 minutes. Percent inhibition of absorbance at 515 nm was calculated using Formula 2,

ABTS - + scavenging effect (%) = {(AB — AA)/AB} x 100 2)

Where AB and AA are the absorbance of ABTS radical + methanol, and ABTS radical + sample
extract/standard, respectively. The IC50 value was found by constructing a graph that illustrates the
relationship between the percentage of ABTS scavenging and the varying concentrations of leaf extract.

2.4.3 Ferric ion reducing antioxidant power (FRAP) assay

The ferric ion reducing antioxidant power (FRAP) assay measures the ability of electron-donating
antioxidants to reduce a colorless Fe3+ TPTZ complex to a blue-colored Fe2+ tripyridyltriazine complex at
low ph. This test was conducted using the methodologies described by Xiao et al. (2020) and Rajurkar &
Hande (2011), with certain modifications. The FRAP reagent solution was generated by combining 10 Mm
2,4,6-tripyridyl-s-triazine (TPTZ), 20 mM ferric chloride (FeCI3.6H20, 300 mM sodium acetate buffer
(C2H3Na02.3H20) (pH 3.6) in a ratio of 1:1:10. The recently developed FRAP reagent was combined with
the tested leaf extract at a concentration of 10 mg/mL, as well as with various concentrations (ranging from
0.078 to 5 mg/mL) of Trolox solution. Each reaction mixture was then subjected to incubation at 37 °C for
30 minutes. Upon reduction of the ferric -tripyridyltriazine (Fe3+ TPTZ) complex to its ferrous (Fe2+) form,
a highly vivid blue color became apparent. The absorbance measurements were then measured at a
wavelength of 593 nm, and a calibration curve was generated by graphing the variation in absorbance of
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Trolox against different concentrations and calculated as Trolox equivalent antioxidant capacity in grams per
dry weight. The FRAP value was determined using Equation 3, and the findings were reported as Trolox
equivalents at a concentration of 100 mg TE/g of the crude sample extract (Xiao et al., 2020).

FRAP Value (imol TE/g DW) = {(c X VX t)/m} 3)

where c is the Trolox concentration (umol/mL) of the corresponding standard curve of the diluted sample,
V is the sample volume (mL), t is the dilution factor, and m is the weight of the sample dry matter (g)
(Xiao et al., 2020).

2.5 Phytochemical analysis of ethanolic G. gnemon leaf extract using Liquid Chromatography-Mass
Spectrometry (LC-MS)

The objective of the LC-MS investigation was to identify the non-volatile elements present in G. gnemon
leaf extract that contribute to its antioxidant activity. The G. gnemon concentrate was dissolved in High-
Performance Liquid Chromatography (HPLC-grade) methanol to achieve a concentration of 1 mg/mL. The
instrument applied for this experiment was the MicrOTOF Q III, (Bruker Daltonics Inc., Massachusetts,
United States). The LC-MS system was fitted with a Thermo Scientific C18 column, specifically the
AcclaimTM Polar Advantage II with dimensions of 3 x 150 mm and a particle size of 3 pm, and operated
using the UltiMate 3000 UHPLC system (Dionex). The gradient centrifugation was conducted with a flow
frequency of 0.4 mL/min. The column was kept at a constant temperature of 40 °C. The experimental
conditions consisted of a solution of H20 with 0.1% formic acid (A) and 100% acetonitrile (B). The
experiment lasted 22 minutes, with the extracted sample (10 pL) injected into the system. The gradient started
with a 5% B concentration for the first 3 minutes, then changed to an 80% B concentration from 3 to
10 minutes. Subsequently, the frequency was kept at 80% B for a duration of 10 to 15 minutes and ultimately
terminated with a concentration of 5% B from 15 to 22 minutes. The experimental parameters for the positive
mode polarity were set as follows: the capillary voltage was set to 4500 V, the nebulizer pressure was kept
at 2.0 bar, and a drying gas flow rate of 8 L/min was used at a temperature of 300 °C. The investigated mass
range was from 50 to 1500 m/z. The Compass Data Analysis program (Bruker Daltonik GbH) was utilized
to get and analyze mass data of the molecular ions, as provided by the time-of-flight (TOF) analyzer. The
data were additionally examined in connection with prior documented research on the non-volatile
compounds found in different plant extracts.

2.6 Toxicity Test of G. gnemon leaf extract using Brine Shrimp Lethality Assay

The study aimed to assess the cytotoxicity of the ethanolic leaf extract of G. gnemon by using the Brine
shrimp mortality assay described by Wong et al. (2021), with slight modifications. Artemia salina eggs (JBL
Artemio Mix, Germany) were used, and an artificial saltwater solution was prepared by dissolving 38 grams
of salt in 1 L of distilled water. The shrimp eggs were placed in well-oxygenated saltwater, aided by an air
pump, and subjected to a light source at a temperature of 30 °C. The nauplii hatched from their eggs during
a 24-hour timeframe. The ethanolic G. gnemon leaf extract was mixed with 10% dimethyl sulfoxide (DMSO)
to get a 1000 mg/mL concentration, which was further diluted in saltwater to create stock solutions. The
extract was then added to tubes containing 20 live brine shrimp nauplii suspended in 20 mL of saltwater.
Solutions with varying concentrations (1.56, 3.125, 6.25, 12.5, 25.0, 50.0, 100.0, and 200 mg/mL) of the
extract were produced, and the number of viable prawn nauplii was counted every hour for 24 hours. The
death end of shrimps was established as the absence of controlled forward movement within a 30-second
monitoring interval. The bioassay's positive control was Potassium dichromate (Merck Millipore, Darmstadt,
Germany), while the negative control was the greatest concentration of DMSO. In toxicity assessments, the
threshold for mammals is typically expressed in mg/kg of body weight, representing the dosage required to
induce a toxic effect. However, for brine shrimp lethality assays, toxicity is measured in mg/mL, as the tests
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are conducted in an aqueous medium where concentration plays a crucial role. This unit of measurement
reflects the amount of the compound present in the solution, which directly influences its toxic impact on the
shrimp. Given that brine shrimp are small aquatic organisms, evaluating toxicity based on concentration
rather than body weight provides a more accurate assessment. This study examined the mortality rate of brine
shrimp nauplii exposed to varying concentrations of G. gnemon leaf extract compared to control groups. The
substance's concentration was subjected to logarithmic transformation and graphed against the appropriate
fatality percentage using Microsoft Excel 2022. Finally, a regression equation was obtained from the shown
data. The LC50 value was derived from the regression equation.

2.7 Statistical analysis

The experiments were carried out in triplicate, with each replication repeated three times (n =3 x 3). The
findings were computed using Microsoft Excel 2022. The statistical analysis for the analysis of variance
(ANOVA) was performed using Minitab® Version 21.4.0 for Windows software developed by Minitab Inc.
The statistical relevance of the differences between the treatments was evaluated using Tukey's test, with a
significance level of p < 0.05. The results were interpreted as the mean value + the repeated analysis's
standard deviation (SD).

3 Results and discussion

3.1 Proximate analysis of G. gnemon leaf

Table 1 provides a summary of the yield of crude G. gnemon ethanolic leaf extract and the color, moisture
content of dried leaf powder.

Table 1. Proximate yield and physicochemical analysis of G. gnemon leaf.

Properties Reading
Yield of crude extract 11.63 £0.53%
Moisture content 6.35+£0.05
L* 36.01 £0.41
a* -11.12+£0.46
b* 22.00 +0.82

Footnote: Results expressed as mean value + standard deviation (SD).

The powder underwent Lab* color analysis, with three measurements taken. The L* value measured
36.01 £ 0.41, suggesting a shade of color that is slightly dark. The value of a* was determined to
be -11.12 + 0.46, which indicates the presence of green color features. The b* score was 22.00 + 0.82,
suggesting a slight presence of yellowness. The color analysis was consistent with a prior study
conducted by Bharali et al. (2018), which characterized the color of G. gnemon leaf as dark green.
Therefore, the powder's color features correspond to the anticipated color of G. gnemon leaf. The
tested dried leaf powder had a well-controlled and relatively low moisture content of 6.35% = 0.05%.
This is advantageous as it extends the shelf life, maintains quality, prevents clumping, and ensures
ingredient consistency.
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3.2 Total phenolic content and In-vitro antioxidant activity analysis of ethanolic G. gnemon leaf extract

3.2.1 Total phenolic content

Phenolic compounds are significant plant elements with redox characteristics that contribute to the
antioxidant activities of a plant (Soobrattee et al., 2005). Because their hydroxyl groups contribute to free
radical scavenging, the total phenolic concentration could be implemented as a basis for quick screening of
antioxidant activity (Baba & Malik, 2014). A calibration curve (y = 0.0071x — 0.0702, R? = 0.9782) of gallic
acid was generated from the readings, and TPC was calculated. The TPC obtained from this current study for
ethanolic G. gnemon leaf extract was 39.4 = 2.69 mg GAE/g for the concentration of 10 mg/mL. A study
conducted by Wazir et al. (2011) assessed the TPC of various components of G. gnemon L., including leaf,
seeds, bark, and stick. Multiple solvents, including methanol, ethanol, hexane, chloroform, and boiling water,
were employed for this purpose. The TPC of leaf, bark, stick, and seed extracted by different solvents ranged
from 3.86 to 8.70 mg GAE/ FDW (Freeze-dried weight), 3.25 to 10.71 mg GAE/FDW, 3.13 to 10.3 mg
GAE/FDW, and 1.15 to 6.49 mg GAE/FDW, respectively. The findings of the study conducted by
Wazir et al. (2011) found that the ethanolic extraction method resulted in the best yield of TPC for both the
leaf and seeds of G. gnemon.

3.2.2 Radical Scavenging Activity analysis using DPPH assay

DPPH (2,2-diphenyl-1-picrylhydrazyl) assay was used to measure the radical scavenging activity of ethanolic
G. gnemon leaf, with the highest scavenging activity at 10 mg/mL (89.40 + 1.08%) and the lowest (44.75 £ 1.55%)
at 1.25 mg/mL. Trolox was used as the standard, showing 98.71 + 0.38% scavenging activity at 0.5 mg/mL. The
IC50 values for leaf extract and Trolox were calculated to be 2.51 = 0.26 mg/mL and 0.09 £+ 0.00 mg/mL,
respectively. A reduction in the absorbance value implies a decrease of DPPH by the antioxidants contained in the
leaf extracts. This study presents evidence of a greater capacity for scavenging by the ethanolic extract of
G. gnemon leaf, surpassing the findings of earlier investigations. In one study, Bharali et al. (2018) observed that
the scavenging activity of G. gnemon leaf exhibited a range 0f 22.21% to 71.28%, 25.29% to 75.24%, and 23.54%
to 67.23% for various concentrations in methanol, acetone, and water, respectively. The IC50 values for acetone,
methanol, and water were 0.023 mg/mL, 0.017 mg/mL, and 0.029 mg/mL, respectively. Wazir et al. (2011)
investigated the ability of several solvents with variable polarity to scavenge free radicals in the plant components
of G. gnemon. The stick exhibited the highest scavenging activity when subjected to methanol extraction, but the
bark demonstrated the lowest activity when extracted with hexane. The methanolic extraction method exhibited
superior efficacy in comparison to boiling water extraction, specifically for the bark, stick, and seeds. This
discovery is consistent with earlier research conducted by Pinelo et al. (2005), which concluded that grape pomace
displayed more DPPH scavenging activity when extracted using methanol and ethanol solvents as opposed to
water extraction.

3.2.3 Radical scavenging activity analysis using ABTS assay

An essential property of antioxidants is proton radical scavenging activity. ABTS (2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonate), a protonated radical, exhibits a distinctive absorbance maximum at
734 nm that decreases with proton radical scavenging (Mathew & Abraham, 2006). The ABTS assay was
done to assess the radical scavenging activity of ethanolic G. gnemon leaf extract. The extract exhibited the
highest ABTS scavenging activity, 73.40 = 0.50% at 10 mg/mL, while the lowest scavenging activity was
38.30 + 0.00% at 1.25 mg/mL. Trolox was utilized as a standard and exhibited the most potent scavenging
activity of 77.67 + 0.50% at 0.5 mg/mL. The IC50 value of the tested extract was determined to be 5.02 +
0.30 mg/mL, while the IC50 value for Trolox standard was 0.22 £+ 0.02 mg/mL. This study is the first to
investigate the ABTS scavenging activity of ethanolic G. gnemon leaf extract. Fadl Almoulah et al. (2017)
evaluated the antioxidant activity of various Solanaceae plants using the ABTS assay. Results showed IC50
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values 0of 0.25 to 1.67 mg/mL for different plants. The findings suggest that G. gnemon leaf extract has weaker
ABTS scavenging activity compared to other plant extracts. The scavenging activity of ethanolic G. gnemon
leaf extracts is presented in Table 2.

Table 2. Scavenging activity of G. gnemon leaf.

Sample Concentration = DPPH Scavenging Activity ICso Value ABTS Scavenging Activity 1Cso Value

(mg/mL) (%) (mg/mL) DPPH (%) (mg/mL)
10.0 89.40 + 1.08 73.40 £ 0.50
02+0.
5.00 82.33 + 1.96 54.26 + 0.51 502+0.30
2.50 57.07+0.17 41.49 + 0.50
51+0.
1.25 44.75 £ 1.55 2:51+0.26 38.30 + 0.00

Footnote: Results expressed as mean value + standard deviation (SD).

3.2.4 Ferric ion reducing antioxidant power assay

FRAP assay was done in this study to measure the reducing potential of ethanolic G. gnemon leaf extract by
reacting with a ferric tripyridyltriazine (Fe3+-TPTZ) complex and producing a colored ferrous tripyridyltriazine
(Fe2+-TPTZ) (Rajurkar & Hande, 2011). The ferric reducing antioxidant power or FRAP value of the extract
was calculated 696.67 £ 13.56 (umol TEAC/g DW). A study by Wazir et al. (2011) found that G. gnemon leaf
extracts from various solvents, including ethanol and boiling water, showed the highest reducing activity.
Fernandes et al. (2016) conducted a study on thirteen plant samples, and the total antioxidant activity measured
by the FRAP method ranged from 43.61 = 0.89 umol trolox/g dw to 472.32 £ 15.96 umol trolox/g dw for all
samples. In our current investigation, ethanolic G. gnemon leaf extract exhibited superior antioxidant activity
for FRAP (696.67 + 13.56 umol trolox/g dw) when compared to other plants. The selection of a solvent for
extracting plant components can influence the antioxidant efficacy of the plant extract. Ethanol is frequently
employed and typically yields greater antioxidant activity due to its intermediate polarity, owing to its efficacy
in extracting a diverse array of antioxidant chemicals, such as phenolics and flavonoids. Thus, the ethanolic
G. gnemon leaf extract exhibits superior antioxidant properties in comparison to other solvents.

3.3 LC-MS profile of G. gnemon L. extract

LC-MS positive ionization was applied to identify non-volatile compounds in ethanolic G. gnemon leaf
extracts. The LC-MS analysis detected 131 peaks, of which 11 were identified and reported due to their
antioxidant relevance (Figure 2). These compounds were analyzed with previously published studies on non-
volatile plant leaf extracts. As the study focuses on the antioxidant properties of G. gnemon leaf extract, only
antioxidant-active compounds were included. The tentative non-volatile compounds mentioned include
diosmetin (Garg et al., 2022), anofinic acid (Elkhouly et al., 2020), furaneol (keto form) (Schwab, 2013),
tryptophan (Jiang et al., 2010), traumatic acid (Jablonska-Trypuc et al., 2016), gentiatibetine (Rahayu &
Timotius, 2022), petunidin 3-O-glucoside (Zhou et al., 2020), rhapontigenin (Kolodziejczyk-Czepas &
Czepas, 2019), allixin (Borek, 2001), salidroside (Wang et al., 2020), and [10]-gingerol (Dugasani et al., 2010).
These compounds have been identified in various plants due to their antioxidant activities.

Rhodiola rosea L. is a globally utilized traditional herbal medicine that is highly regarded for its ability to
reduce fatigue, alleviate anxiety, and prevent altitude sickness (Maetal., 2018; Arabitetal., 2018;
Wang et al., 2018). Salidroside, a prominent bioactive compound derived from R. rosea, has demonstrated
significant antioxidant activity in a study conducted by Wang et al. (2020). Diosmetin, a flavonoid found in
citrus plants, has the potential to treat various disorders (Garg et al., 2022). It scavenges reactive oxygen
species production and increases antioxidant concentration (Lee et al., 2020). Pompia juice is effective in
preventing damage from reactive oxygen species on cell membranes. The presence of diosmetin in pompia
juice has been identified as one of the components responsible for its antioxidant effect (Barberis et al., 2020).
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Different flavonoids such as kaempferol, luteolin, apigenin, diosmetin, and genistein have been investigated
for their antioxidant/pro-oxidant effects. They scavenge free radicals as antioxidants and increase hydroxide
production as pro-oxidants (Fang et al., 2020). The aqueous methanolic extracts of Ocimum canum L.
showed similar activity, with diosmetin being identified as one of the active plant compounds recovered from
the extract (Ononamadu etal., 2019). The dark-purple superfruit blueberries are known for their
anthocyanins, which are thought to be the strongest antioxidants found in nature and have shown benefits
beyond only scavenging free radicals (Ding et al., 2006; Tulipani et al., 2008; Srivastava et al., 2007). In a
recent study carried out by Zhouetal. (2020), blueberry anthocyanins were identified using liquid
chromatography-diode array detector-electrospray ionization-tandem mass spectrometry (LC-DAD-ESI-MS2).
Notably, petunidin-3-O-glucoside was found to be one of the primary anthocyanin species, accounting for
44.81% of the total anthocyanins in blueberry extract. Allixin, a significant component in aged garlic extract,
was also discovered as a potential component in G. gnemon leaf. Aged garlic extract is derived from fresh
garlic extracts that have undergone an extended period of age. It is rich in antioxidant phytochemicals,
particularly allixin and selenium (Borek, 2001). Zingiber officinale Rosc. commonly known as Zinger has
historically been utilized in Ayurvedic, Chinese, and Tibb-Unani herbal remedies to address inflammatory
conditions and ailments resulting from oxidative stress. Zinger contains a significant amount of bioactive
compounds, among which gingerols are the major ones. In addition, 10-gingerol, alongside two additional
gingerols, namely [6]-gingerol and [8]-gingerol, exhibited significant radical scavenging activity in several
assessments for antioxidant activity (Dugasani et al., 2010). According to a recent study conducted by
Rahayu & Timotius (2022), a straightforward herbal drink was prepared by infusing Moringa oleifera L. leaf
with water. The infusion was then analyzed chemically using LC-MS, which revealed the presence of
gentiatibetine, an alkaloid that was identified as a significant component responsible for its antioxidant properties.

The findings from the LC-MS evaluation of ethanolic G. gnemon leaf extracts are concisely displayed in
Table 3.

Table 3. Liquid Chromatography-Mass Spectrometry (LC-MS) profile of G. gnemon leaf extract.

Peak Tentative Molecular Molecular m/z Rt Ion Classification Activit References
No. Identification Formula Mass value (min) (+/-) Y
Furancol C6H703  127.04 128.0202 1.5 M+H+ Furanones  Antioxidant (Schwab, 2013)
(keto form)
Traumatic Carboxylic (Jabloriska-
8 . C12H2004 22828 229.1540 2.0 M-+H+ Xy Antioxidant Trypuc et al.,
acid Acid 2016)

Antioxidant, (Rahayu &
Antiviral Timotius, 2022)
24 Tryptophan CI11HI2N202 204.22 205.0971 7.2 M+H+ Amino acid Antioxidant (Jiang et al., 2010)

19 Gentiatibetine C9HI1INO2  165.07 166.0863 2.4 M+H+ Pyranopyridines

Antimicrobial,
. Antibiofilm, (Elkhouly et al.,
25 Anofinicacid C12H1203 204.08 205.0969 7.2 M+H+ Benzopyrans Antioxidant, 2020)
Anticancer
28 Diosmetin  C28H32015  608.17 609.1808 82 M+H+ Flavonoids “rimicrobial o, o eral, 2022)
Antioxidant
sp  Pewnidin 003012 47902 4791191 95 MtH:  Flavonoids  Antioxidant (Zhou et al., 2020)
3-O-glucoside
Antioxidant (Kolodzigjezyk-
62 Rhapontigenin C15H1404  258.09 259.0965 10.4 M+H+  Stilbenes . > Czepas & Czepas,
Anticancer
2019)
70 Allixin ~ CI2HISO4  226.12 227.1636 10.9 M+H+  Pyrans Antioxidant, = 2001
Anticancer

(Dugasani et al.,
2010)
(Wang et al.,
2020)

91 [10]-Gingerol C21H3604 352.26 353.2679 12.3 M+H+ Phenols Antioxidant,

103  Salidroside = C14H2007  300.12 301.1404 12.9 M+H+ O-glycosyl Antioxidant
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3.4 Toxicity test of G. gnemon L. leaf extract using Brine Shrimp Lethality Assay

The brine shrimp lethality assay was conducted to assess the safety and effectiveness of the tested plant.
This study provides the researchers with an initial understanding of the toxicity levels linked to the chosen
plant sample. A graph was generated to illustrate the relationship between extract concentration and death
percentage. The experiment revealed a positive correlation between the concentration of G. gnemon leaf
extract and the mortality percentage of brine shrimp nauplii. Potassium dichromate was used as a positive
control. The highest concentration of DMSO was designated as the negative control, and no deaths were
observed in the test species. However, the positive control, potassium dichromate, showed an LC50 value of
0.19 mg/mL, which is less than 1 mg/mL, indicating that potassium dichromate is toxic to the test species.
Similar findings have been reported in other studies, where potassium dichromate showed a label below
1 mg/mL had toxicity in brine shrimp lethality assays (Braguini et al., 2018; Sasidharan et al.,2008).

The extract tested had an LC50 value of 41.08 mg/mL, indicating high biological safety and no hazardous
properties. This makes it suitable for use in the food industry. Meyer's toxicity index, which classifies crude
plant extracts as poisonous if their LC50 value falls below 1 mg/mL, indicates that if the LC50 value exceeds
1 mg/mL, it is safe for human consumption. This index has been widely used in food research and the
pharmaceutical industry, making the extract from G. gnemon leaf safe and suitable for use in the food industry
(Meyer et al., 1982; Ebadollahi-Natanzi, 2018; Ohikhena et al., 2016). The association between the logarithm
of extract concentration and the death % was shown in Figure 3.

TT T T 1T 1717

N Ty 0 B m o 20Tmelmil

Figure 2. LC-MS of phytochemical compounds of G. gnemon L. leaf extracts.

The study demonstrated that the ethanolic G. gnemon crude leaf extracts, at a concentration of 100 mg/mL,
exhibited an LC50 value of 41.08 mg/mL. As far as we know, there has been no research undertaken on the
toxicity evaluation of G. gnemon leaf extract utilizing the brine shrimp mortality assay. Nevertheless, it is
important to mention that the leaves of this plant have been traditionally used as a source of vegetables for a
long time and is regarded as safe for consumption. However, it is important to exercise caution when utilizing
the extract in the food sector, and its usage should not surpass its LC50 value of 41.08 mg/mL. The leaf
extract of G. gnemon contains a variety of bioactive compounds, such as tannins, saponins, terpenoids,
flavonoids, flavones, and others. The significant presence of these bioactive constituents may be a
contributing factor to the observed restriction of toxicity in the extract (Sarwar et al., 2016).
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Figure 3. Brine shrimp lethality assay of G. gnemon L. leaf extract.

4 Conclusion

The ethanolic extract of G. gnemon leaf demonstrated the presence of phenolic components and strong
antioxidant activity through DPPH, ABTS, and FRAP assays. LC-MS analysis identified 11 antioxidant
compounds, while the brine shrimp assay confirmed its non-toxicity. Its historical use as a vegetable further
supports its safety. These findings highlight G. gnemon leaf extract as a promising natural antioxidant
alternative to synthetic options.
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