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Antioxidant Activity of Edible Bird’s Nest (Aerodramus fuciphagus)
from Central Borneo, Indonesia
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Eka Fitri Susiani 2 o Edible bird's nests (EBNs) from Aerodramus fuciphagus have
been traditionally used in Asia for their various health benefits,
Satrio Wibowo Rahmatullah 1 2 including antioxidant properties. Previous studies have
- reported antioxidant activity in EBN water extracts using
I Ketut Adnyana * =2t methods like ABTS and ORAC. However, the antioxidant

activity can vary significantly depending on factors such as the
source of EBN, extraction methods, and the specific assay used.
This study aimed to comprehensively evaluate the antioxidant
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AAE/mL, respectively. These findings suggest that the
antioxidant activity of EBN water extract may be primarily
attributed to its protein content. However, further
investigations are warranted to elucidate the specific
mechanisms of action and isolate the bioactive compounds
responsible for the observed antioxidant effects. These findings
have implications for the development of EBN-based functional
foods, nutraceuticals, and cosmeceuticals with enhanced
antioxidant properties.
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INTRODUCTION

Edible bird's nest (EBN), a highly valued natural product, is geographically distributed across a broad region encompassing
the western Indian Ocean islands, the Philippines, northern Australia, the western and southwestern Pacific, and southern
continental Asia'. Currently, the primary production of EBN is concentrated in Southeast Asia, with Indonesia, Malaysia,
and Thailand collectively accounting for over 95% of the global supply. Notably, Indonesia stands as the world's largest
EBN producer, with significant contributions originating from the islands of Kalimantan, Sumatra, Java, and Sulawesi. This
concentrated production in specific regions highlights the ecological and economic importance of EBN within Southeast
Asia?,

Previous research has indicated a correlation between swiftlet habitats and edible bird's nest (EBN) production. Yacoob et
al3 demonstrated that swiftlets inhabiting forest areas produce a higher yield of EBN compared to those in residential
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settings. This finding, combined with satellite data analysis quantifying forest extent in Central Kalimantan, Indonesia, as
conducted by Ito et al 4, suggests a significant contribution of the Kalimantan forest ecosystem to EBN production. Notably,
the South Barito Regency, with its capital in Buntok, has been identified by the Central Kalimantan Provincial Government
as possessing substantial potential for forest-based EBN cultivation. This potential warrant further investigation to
understand the specific ecological factors within this region that influence swiftlet populations and EBN production.
Edible bird's nest has a long-standing history of traditional use in Asia for health maintenance, with documented
applications including antioxidant and anti-inflammatory effects, as well as bone strengthening. Recent scientific
investigations have further explored the therapeutic potential of EBN, demonstrating its efficacy as a tonic and stimulant.
Studies have also reported its skin-related benefits, such as whitening and moisturizing effects, potential ultraviolet
protection, and the acceleration of wound healing in diabetic mice>$. These diverse findings suggest that EBN possesses a
range of bioactive compounds with significant therapeutic implications, warranting further investigation into its specific
mechanisms of action and clinical applications.

Edible bird's nest exhibits regional variations in nutritional profiles, particularly within Indonesia. Edible bird's nest sourced
from West and South Sumatra, West Java, Kalimantan, and Sulawesi demonstrates distinct compositions®. Notably, protein
constitutes the primary component of EBN, typically exceeding 60%. Indonesian EBN, specifically, presents a high protein
content, ranging from 53.09% to 56.25%, which is comparable to, and in some cases surpasses, that of Thai EBN (52.65% to
55.65%)10. Previous research by Helmi ef al! further highlighted these regional differences by comparing EBN protein
content between Java and Kalimantan. Their findings revealed that Kalimantan EBN (0.221 to 0.634 pg/pL) generally
exhibits higher protein concentrations than Java EBN (0.059 to 0.122 pg/pL). Within Kalimantan, EBN from Central
Kalimantan (0.634 pg/pL) demonstrated a higher protein content than that from South Kalimantan (0.221 pg/pL),
emphasizing the need for detailed regional characterization of EBN's nutritional composition.

Protein plays a crucial role in cellular antioxidant defense by stimulating the synthesis of enzymatic antioxidants and
elevating antioxidant concentrations within tissues, thereby mitigating oxidative stress>. Furthermore, sialic acid, a
component of blood vessel endothelium, exhibits direct antioxidant activity through free radical scavenging. Notably,
Indonesian EBN has been reported to contain a higher concentration of N-acetylneuraminic acid, the primary constituent
of sialic acid, compared to EBN from Thailand and Vietnam. Specifically, Indonesian EBN has demonstrated an N-
acetylneuraminic acid content of up to 12129, This unique compositional characteristic suggests a potentially enhanced
antioxidant capacity of Indonesian EBN, warranting further investigation into its implications for oxidative stress-related
conditions.

Antioxidants function by neutralizing reactive free radicals through electron donation, thereby stabilizing these unstable
species and preventing oxidative damage. They achieve this by inhibiting the initiation or propagation of chain oxidation
reactions™. While previous studies have explored the antioxidant potential of edible bird's nest (EBN) water extracts using
ABTS and ORAC assays, reporting relatively low activity (1% at 1000 pg/mL)", the observed variations in antioxidant
activity can be attributed to differences in antioxidant chemical structures, free radical sources, and the physicochemical
properties of sample preparations from diverse geographical origins'. Consequently, a targeted activity analysis using
methods specific to the sample type is essential. This study aims to comprehensively evaluate and compare the antioxidant
activity of EBN water extract from Central Borneo using a suite of assays, including 2,2-diphenyl-1-picrylhydrazyl (DPPH),
nitric oxide (NO) scavenging, ferric reducing antioxidant power (FRAP), and cupric reducing antioxidant capacity
(CUPRAC). These methods, selected for their distinct mechanisms of action, will provide a robust assessment of the
antioxidant potential of EBN from this region.

MATERIALS AND METHODS

Materials

This study utilized a range of laboratory equipment and reagents. The tools employed included: Erlenmeyer flasks (Iwaki,
Japan), a vortex mixer (DLab, China), a magnetic stirrer (DLab, China), a hot plate (Maspion, Indonesia), micropipettes
(DLab, China), a freeze dryer (Eyela, Japan), a UV-Vis spectrophotometer (PG Instruments Limited, Germany), glassware
(Pyrex, Germany), and a pH meter (Ionix, Thailand). The primary ingredient, EBN, was sourced from Buntok, Central
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Borneo, Indonesia, and identified as Aerodramus fuchipagus (Certificate No. 2400/1PH.1.02/KS.02.03/VIL/2019, Research
Center for Biology, Indonesian Institute of Sciences). Reagents used in the study were: vitamin C (p.a, Merck, Germany),
DPPH solution (p.a, Merck, Germany), sodium nitroprusside (p.a, Merck, Germany), 50 mM phosphate-buffered saline
(p-a, Brataco, Indonesia), Griess reagent (p.a, Brataco, Indonesia), 0.2 M phosphate buffer (pH 6.6) (p.a, Brataco, Indonesia),
1% potassium ferricyanide [KsFe(CN)g] (p.a, Brataco, Indonesia), trichloroacetic acid (TCA) (p.a, Brataco, Indonesia), 0.1%
ferric chloride (FeCls) (p.a, Brataco, Indonesia), 0.01 M copper(Il) chloride dihydrate (CuCl, 2H>O) (p.a, Brataco, Indonesia),
0.0075 M neocuproine solution (p.a, Merck, Germany), 1 M ammonium acetate buffer solution (pH 7) (p.a), and aluminum
foil (WITA, Indonesia).

Methods

Preparation of EBN water extract

Authentic EBN were meticulously selected and cleaned to remove any extraneous materials. A 1000 g sample of the cleaned
EBN was then dissolved in 33.9 L of ultrapure water. The resulting solution was homogenized by continuous stirring for 30
minutes, followed by heating at 45°C for an additional 30 minutes to facilitate extraction. The mixture was subsequently
filtered using filter paper to obtain the crude extract. This filtrate was then subjected to lyophilization (freeze-drying) using
an Eyela® freeze dryer to yield a dry powder of the EBN water extract. The final yield of the EBN water extract was 43.165
g, representing a 4.32% recovery.

DPPH method

To assess antioxidant activity, a DPPH radical scavenging assay was performed. Water extracts of EBN were prepared at
concentrations of 50, 500, 750, 1000, and 1250 pg/mL. Ascorbic acid was used as a positive control, with concentrations
ranging from 1 to 5 ug/mL. For each sample, 2 mL of the respective extract or ascorbic acid solution was combined with 2
mL of a DPPH solution in a test tube. The resulting mixture was vortexed and incubated at 37°C in the dark for 30 minutes.
Absorbance was then measured at 516 nm using a UV-Vis spectrophotometer.

Nitric oxide method

The nitric oxide scavenging activity of EBN water extract was evaluated using the Griess reagent method. Solutions of EBN
water extract, prepared at concentrations of 20, 40, 60, 80, and 100 pug/mL, were tested alongside vitamin C standards at 2,
4,6,8,and 10 pg/mL. For each sample, 0.75 mL of the solution was combined with 0.25 mL of 50 mM sodium nitroprusside
in phosphate-buffered saline. The resulting mixture was incubated at 16-20°C, protected from direct sunlight, for 15 minutes.
Subsequently, 1 mL of the incubated mixture was combined with 1 mL of Griess reagent and incubated for 45 minutes at
room temperature (16-20°C), shielded from light. The absorbance of the resulting solution was measured at 525 nm using a
UV-Vis spectrophotometer.

FRAP method

The ferric reducing antioxidant power of EBN water extract (1000 pg/mL) and vitamin C standards (5, 10, 15, 20, and 25
ug/mL) was determined using the FRAP assay. Briefly, 1.25 mL of each sample solution was combined with 1.25 mL of 0.2
M phosphate buffer and 125 mL of 1% KsFe(CN)s. The reaction mixture was incubated at 50°C for 20 minutes.
Subsequently, 1.25 mL of 10% TCA was added, and the mixture was vortexed. A 2.5 mL aliquot of the resulting solution
was then combined with 2.5 mL of distilled water and 0.5 mL of 0.1% FeCls. Following a 10-minute incubation period at
room temperature in the dark, the absorbance of the solution was measured at 706 nm using a UV-Vis spectrophotometer.

CUPRAC method

The antioxidant capacity of EBN water extracts and vitamin C solutions was determined using the CUPRAC assay.
Working solutions of EBN water extracts at concentrations of 750, 1000, 1500, 2000, and 3000 ng/mL, as well as vitamin C
solutions at 20, 40, 60, 80, and 100 ng/mL, were prepared. For each sample, 1 mL of the respective solution was combined
ina test tube with 1 mL of 0.01 M CuCl. 2H:O, 1 mL of 0.0075 M neocuproine solution, and 1 mL of 1 M ammonium acetate
buffer (pH 7). Subsequently, 0.1 mL of distilled water was added to each mixture. The resulting solutions were thoroughly
vortexed and incubated at room temperature for 30 minutes. Absorbance was then measured at 450 nm using a UV-Vis
spectrophotometer.
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Data analysis

Statistical analysis was performed using Microsoft Excel software. All quantitative data are presented as the mean + SD of
triplicate measurements (n=3). The percentage inhibition for both DPPH radical scavenging assay and NO inhibition assay
was calculated using the following Equation 1. The average %inhibition was used to create a linear regression to obtain
Equation 2, in which y = %inhibition and x = concentration.

Absorbance of Blank — Absorbance of Sample
f f Sample +100% 1]
Absorbance of Blank

y=bx+a [2]

%inhibition =

The ICsy values, representing the concentration of the test compound required to inhibit 50% of DPPH radical activity, were
calculated using linear regression analysis as defined by Equation 2. Specifically, the ICs) was determined by setting the '/
value in the regression equation to 50 and solving for 'x". Subsequently, the antioxidant activity of each compound was
categorized based on its respective ICs value. This classification, outlined in Table I, provided a structured framework for
comparing the antioxidant potential of the tested compounds.

Tablel.  Antioxidant ability category™.

I1Cs0 (ug/mL) Antioxidant Category
<50 Very strong
50-100 Strong
100-150 Moderate
>150 Weak

For the FRAP and CUPRAC assays, standard curves were generated using varying concentrations of vitamin C, with
corresponding absorbance values. Linear regression analysis was then performed to derive Equation 3, which established
the relationship between absorbance and vitamin C concentration in, which y = %inhibition and x = concentration.
Subsequently, the absorbance values obtained from the EBN samples (y-value in Equation 3) were used to calculate the
Ascorbic Acid Equivalent (AAE) using this established linear regression equation.

y=bx+a (3]

RESULTS AND DISCUSSION

The DPPH assay, a widely utilized method for evaluating antioxidant capacity in plant extracts, was employed in this study.
This assay leverages the stable free radical DPPH, simplifying the procedure to a single reagent. However, the thermolabile
and photolabile nature of DPPPH necessitates careful handling to ensure accurate results. The assay quantifies the scavenging
capacity of antioxidants by measuring the reduction of DPPH radicals, which can be directly monitored without additional
substrates'®. In this study, the characteristic dark purple color of the DPPH solution, observed at a wavelength of
approximately 516 nm, diminished to pale yellow upon reduction by hydrogen donors from antioxidant compounds. The
decrease in absorbance exhibited a linear correlation with increasing extract concentration, as depicted in Figure 1. Ascorbic
acid, utilized as a positive control, demonstrated potent antioxidant activity with an ICs value of 3.28 pg/mL. In contrast,
the ethanolic extract of EBN exhibited significantly weaker antioxidant activity, with an ICs value of 1135.61 pg/mL (Table
II). These results suggest a notable difference in the antioxidant potential between ascorbic acid and the EBN extract.

The NO radical scavenging assay, based on the inhibition of NO generated from sodium nitroprusside in a buffered saline
phosphate solution (pH 7.2), was employed to assess the antioxidant potential of the EBN sample. Sodium nitroprusside,
known to decompose in aqueous solutions at physiological pH, releases NO, which subsequently reacts with oxygen under
aerobic conditions to form stable nitrates and nitrites. The quantity of these products was determined using the Griess
reagent, resulting in a color change from colorless to varying shades of pink and purple, indicative of NO inhibition. While
the NO assay is less frequently utilized due to its reagent-intensive nature and prolonged preparation time, it offers the
advantage of demonstrating high reactivity with proteins and diverse free radicals’. Given that the EBN sample from
Central Kalimantan exhibited a quite high, approximately 53.09-56.25% substantial protein content (0.634 pg/pL), exceeding
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that of samples from South Kalimantan and Java Island, this method was deemed particularly relevant'. As depicted in
Figure 2, a linear decrease in absorbance was observed with increasing concentrations of both ascorbic acid (control) and
the EBN sample, indicating a dose-dependent scavenging effect. The ICs value for ascorbic acid, representing a potent
antioxidant, was determined to be 10.94 ng/mL. In contrast, the ICs) value for the EBN sample was 116.86 pg/mL,
suggesting moderate antioxidant activity (Table III). These results highlight the ability of the EBN sample to scavenge NO
radicals, potentially attributed to its high protein content and the presence of other bioactive compounds.

60 -
y = 0.0404x + 4.1213
R2=0.9977
50 A
40 -

% Inhibition
N} W
S S

Juny
o
1

0 T T T T
0 250 500 750 1000 1250

Concentration (ug/mL)
Figure 1. Graph of concentration and %inhibition of EBN samples with DPPH assay.

Table II.  The ICs value of ascorbic acid and EBN water extract using DPPH assay.

Samples ICs (ng/mL) Category
Ascorbic acid 328 Very strong
EBN water extract 113561 Weak
50 60
y =4.8815x - 3.393
R2=0.9934 y =0.1873x + 28.112 °
40 50 R2=0.9286
40
§ 30 g )
£ g%
= 20 =
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b
Figure 2. Graph of concentration and %inhibition of (a) ascorbic acid and (b) EBN samples with NO assay.

a

Table ITII.  The ICso value of ascorbic acid and EBN water extract using NO assay.

Samples ICs (ug/mL) Category
Ascorbic acid 1094 Very strong
EBN water extract 11686 Moderate
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As presented in Tables IT and III, ascorbic acid as a positive control exhibited potent antioxidant activity in both the DPPH
and NO assays, reflecting its established efficacy. In contrast, the water extract of EBN demonstrated a concentration-
dependent antioxidant effect. The ICs value of EBN in the DPPH assay was 1135.61 pg/mL, indicating weak antioxidant
capacity. However, in the NO assay, EBN showed a significantly lower ICso of 116.86 1g/mL, classifying it as a moderate
antioxidant. This discrepancy suggests that the EBN extract may possess a higher affinity for scavenging NO radicals
compared to DPPH radicals. This could be attributed to the inherent differences in the reaction mechanisms of the two
assays. Specifically, the NO assay involves interactions with various proteins and other free radicals, potentially allowing
for a wider range of reactive compounds within the EBN extract to contribute to its antioxidant activity™.

The FRAP assay was employed to assess the antioxidant capacity of the samples due to its cost-effectiveness, utilizing readily
available reagents. This method quantifies the ability of antioxidants to reduce ferric ions (Fe**) to ferrous ions (Fe?') via a
single electron transfer (ET) reaction. ET-based assays rely on redox reactions, where the change in oxidant state serves as
an endpoint indicator. In this study, the formation of Fe?', indicative of antioxidant activity, occurred through the reduction
process at a controlled pH of 6.6, achieved by the addition of phosphate buffer. This specific pH ensures optimal reaction
conditions for the reduction of Fe3* by antioxidant compounds, providing a reliable measure of their reducing power.
The reducing power of the tested compounds was assessed by their ability to convert Fe3" to Fe?". This conversion was
monitored spectrophotometrically by measuring the formation of a dark green complex resulting from the reaction of Fe?*
with FeCls. The intensity of the dark green color, directly proportional to the amount of Fe?* produced, indicates the reducing
capacity of the compounds. Thus, a change in solution color from light green to dark green signifies the compound's ability
to reduce Fe*', reflecting its antioxidant potential. The greater the intensity of the dark green color, the higher the reducing
power of the compound, and consequently, the stronger its antioxidant activity?.. To establish a standard curve for the FRAP
assay, ascorbic acid, a known antioxidant, was used as a reference. As depicted in Figure 3, a linear relationship was
observed between increasing ascorbic acid concentrations and absorbance, demonstrating a reliable dose-response. The
antioxidant activity of the experimental sample, a water extract of EBN, was then quantified and expressed as AAE.

The CUPRAC assay quantifies antioxidant activity through the spectrophotometric measurement of the Cu(l)-neocuproine
(Nc) chelate formed during the reduction of Cu(ll)-Nc by antioxidants. This method leverages the redox reaction between
chain-breaking antioxidants and the CUPRAC reagent. The resulting bis(neocuproine)copper(l) chelate, exhibiting
maximum absorbance at 450 nm, manifests as a color change from light blue to orange-yellow. Notably, the CUPRAC assay
operates at physiological pH (7), facilitated by an ammonium acetate buffer, offering a significant advantage over the acidic
PH requirements of the FRAP assay. This physiological pH compatibility enhances the assay's relevance for biological
samples. Furthermore, the CUPRAC reaction reaches completion within 30 minutes, and due to the absence of radical
reagents, the assay demonstrates robustness against variations in physical parameters such as temperature, sunlight, pH,
and humidity. These characteristics render the CUPRAC method a simple, versatile, and reliable tool for evaluating
antioxidant capacity?.

The antioxidant capacity of the EBN water extract, as determined by the CUPRAC assay, exhibited a dose-dependent linear
relationship. As illustrated in Figure 4, increasing concentrations of the EBN extract resulted in a corresponding linear
increase in antioxidant capacity. The effective concentration required to achieve 50% antioxidant capacity (ECso) using the
CUPRAC method was calculated to be 1325.58 pg/mL. Notably, this value was statistically comparable to the ICs) obtained
using the DPPH assay, which was 1135.61 pg/mL. This congruence between the ECs and ICsy values across two distinct
antioxidant assays reinforces the robust antioxidant potential of the EBN water extract. The consistent results suggest that
the EBN extract contains compounds capable of effectively scavenging free radicals and reducing cupric ions, highlighting
its potential as a natural antioxidant source.

The antioxidant activity of the EBN water extract was quantified using both the FRAP and CUPRAC assays, yielding
slightly varying results. The FRAP assay determined an AAE value of 4.567+0.30 pg AAE/mL extract, while the CUPRAC
assay yielded 3.48740.095 pg AAE/mL extract (Table IV). These values indicate that 1 mL of the EBN water extract
possesses antioxidant capacity equivalent to 4.567+0.30 pg and 3.487+0.095 pg of ascorbic acid, respectively, depending on
the assay employed. The observed difference in AAE values between the two methods may be attributed to variations in
the reaction mechanisms and sensitivities of the FRAP and CUPRAC assays towards different antioxidant compounds
present in the extract. This highlights the importance of employing multiple assays to comprehensively assess the
antioxidant potential of natural extracts®.
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Figure 3. Graph of concentration and %EC of ascorbic acid with FRAP assay.
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Figure 4. Graph of concentration and %EC of EBN samples with CUPRAC assay.

Table IV. The AAE value of EBN water extract using FRAP and CUPRAC assays.
Samples AAE+SD (ug/mlL)
FRAP CUPRAC
EBN water extract 45674030 348740095

Edible bird's nest exhibits notable antioxidant potential, attributed to its rich protein and amino acid composition.
Specifically, EBN contains proteins capable of stimulating enzymatic antioxidant synthesis and increasing tissue antioxidant
concentrations, thereby mitigating oxidative stress'2. Furthermore, EBN contains glutathione, a potent antioxidant tripeptide
composed of cysteine (0.5%), glutamate (2.72%), and glycine (1.54%). Amino acid profiling revealed serine (3.83%), aspartic
acid (3.27%), tyrosine (2.96%), proline (2.94%), and leucine (2.8%) as the most abundant proteins, while methionine (0.10%)
was the least prevalent®. Cysteine, a key component, forms thiol compounds with sulthydryl groups, which act as electron
donors to neutralize free radicals. This mechanism effectively quenches free radical activity. Additionally, other essential
amino acids like phenylalanine and methionine, along with non-essential amino acids such as serine and aspartic acid,
contribute to the overall antioxidant capacity of EBN?. These findings suggest that the diverse amino acid profile of EBN
plays a crucial role in its antioxidant properties, potentially offering therapeutic benefits against oxidative stress-related
conditions.
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In addition to protein content, sialic acid was identified in EBN from both Kalimantan and Java. Notably, the EBN sample
from Central Kalimantan exhibited the highest protein band intensity within the 107-127 kDa range, closely aligning with
the known molecular weight of sialic acid-associated proteins (106-128 kDa). This band intensity was significantly greater
than that observed in EBN samples from Java or South Kalimantan, as corroborated by previous research'. Beyond its
structural role in protein, sialic acid has been increasingly recognized for its antioxidant properties, functioning as a free
radical scavenger, which is particularly crucial for maintaining endothelial integrity in blood vessels®. The higher sialic acid
content in Central Kalimantan EBN, as indicated by protein band intensity, may therefore contribute to enhanced
antioxidant potential, potentially offering greater health benefits. Further studies are needed to quantify sialic acid levels
directly and explore the specific mechanisms underlying its antioxidant effects in EBN.

Limited research has explored the antioxidant potential of Indonesian EBN. In a study by Rifqi* using an water extract of
EBN from Palu, Central Sulawesi, weak antioxidant activity was observed via the DPPH assay, yielding an antioxidant
activity index (AAI) of 0.010-0.013. This finding aligns with the present study, which demonstrated a high ICs value of
1135.61 pg/mL, indicating low radical scavenging capacity. Conversely, Quek et al.7 reported a FRAP value range of 1.10
to 2.51 mg AAE/g for EBN samples from Peninsular Malaysia. In contrast, the current research revealed a significantly
higher FRAP value of 4567 + 0.30 pg AAE/mL for Indonesian EBN. These discrepancies may be attributed to variations in
geographical origin, extraction methods, and analytical techniques. The higher FRAP value observed in this study suggests
a potentially greater reducing capacity of Indonesian EBN compared to samples from other regions, warranting further
investigation into the specific compounds responsible for this activity.

CONCLUSION

This study demonstrated that the water extract of EBN exhibits significant antioxidant activity, particularly as evidenced by
the NO scavenging assay. These results suggest that the antioxidant mechanism of EBN water extract may be attributed, at
least in part, to its protein content. Given the established role of antioxidants in mitigating oxidative stress and reducing the
risk of chronic diseases, including cancer, EBN water extract holds promise as a potential source of natural antioxidants.
Furthermore, its potential application in cosmeceutical formulations, such as sunscreens and anti-aging products, warrants
exploration. Natural antioxidants can offer protection against ultraviolet radiation-induced skin damage, including
roughness, wrinkles, and carcinogenesis. Future research should focus on elucidating the specific antioxidant mechanisms
of EBN fractions and isolating the bioactive compounds responsible for these effects. Investigating other relevant antioxidant
pathways will also provide a more comprehensive understanding of EBN's potential therapeutic applications.
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