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ABSTRACT: Phyllanthus emblica and Cutcuma longa ate two medicinal herbs
commonly used with their biological properties linked to phenolic, flavonoid and volatile
constituents. In this study, the total flavonoid content (TFC), total phenolic content
(TPC), ABTS and DPPH radical-scavenging activity and gas chromatography-mass
spectrometry (GC-MS) profile of the authenticated powdered materials were compared.
Each spectrophotometric assay was repeated three times, and the percentage inhibition
was computed directly from the absorbance. When the 50% response was bracketed, IC50
values were computed by local linear interpolation. The data of the GC-MS were
processed in the Agilent MassHunter and compared with the NIST 23 mass-spectral
libraty. P. emblica exhibited a TPC of 43.12 + 0.24 mg gallic acid equivalents/100 mg,
compated with 2.69 £ 0.23 mg/100 mg for C. longa. TFC values wete 23.87 £ 0.37 and
22.86 + 0.36 mg quetcetin equivalents/100 mg, respectively. At 25 pg/mlL, DPPH
inhibition reached 81.43 £ 0.08% for P. emblica and 31.66 £ 0.12% for C. longa. The
DPPH IC50 value of P. emblica was 12.86 £ 0.01 pg/mL While C. longa exhibited weaket
inhibition compared to P. emblica, with the DPPH activity by 50% even at the tested
concentration. ABTS IC50 values were 11.13 £ 0.04 and 31.46 £ 0.31 ng/mlL,
respectively. The TFC responses and the C. longa TPC response were below the lowest
standards and should be interpreted with caution. In case of P. emblica, 37 integrated
peaks and 45 library annotations were obtained and for C. longa, 23 integrated peaks and
31 library annotations were obtained from GC-MS analysis. The tentative identification
of representative compounds in P. emblica and C. longa were alpha-pinene, dill ether and
2-caren-4-ol, and furfural, 1,2 3-benzenetriol, trans-cinnamic acid and ar-turmerone,
respectively. Retention indices and authentic standards were not available and therefore
compound assighments were tentative. In Summary, the present study compares the
phytochemical composition, antioxidant activity, and GC-MS profiles of Phyllanthus
emblica and Curcuma longa. P. emblica exhibited markedly higher phenolic content and
radical-scavenging activity, while C. longa showed distinct volatile constituents. These

629

Natural Resources for Human Health (NRFHH)

https://nrfhh.com



Natural Resources for
Human Health

elSSN: 2583-1194

findings provide a chemical basis for evaluating their complementary roles in mitigating
oxidative stress and hepatotoxicity associated with microplastic exposure.

1. INTRODUCTION

The presence of microplastic contamination is a new health issue as ingested particles can get to the liver. Experimental studies
have demonstrated liver accumulation, response to oxidative stress and metabolic biomarkers (Deng et al., 2017; Li et al., 2025;
Forutan et al., 2026). Polypropylene microplastics have also been found to disrupt the lipid-droplet homeostasis and lipid
metabolism in mouse liver, suggesting a potential hepatotoxic risk (Liu et al., 2023). There is still limited evidence in humans
(Lu et al., 2020).

The oxidative stress, inflammation and lipid dysregulation provide the rationale for using antioxidant-rich botanicals as potential
ameliorative agents. Phyllanthus emblica fruit extract has been found to be beneficial for the antioxidant status of liver in
experimental liver disease (Huang et al., 2017). Curcumin (Curcuma longa) has been shown to reduce oxidative stress and
inflammation liver damage in rats (Reyes-Gordillo et al., 2007). They should be directly validated for their effectiveness against
hepatotoxicity due to polypropylene microplastic.

These two botanicals might offer complementary protection that is pertinent to liver injury caused by pollutants. The
antioxidant and anti-inflammatory activity of P. eblica may be attributed to the phenolic rich matrix, which may help in direct
scavenging of radicals and limit lipid peroxidation, while the curcuminoid and turmerone related constituents of C. /onga may
help in the antioxidant and anti-inflammatory activity (Huang et al., 2017; Reyes-Gordillo et al., 2007; Singh et al., 2010).
Together, these activities may aid in alleviating oxidative stress, inflammatory signaling and lipid-metabolic disruption induced
by polypropylene microplastics and other environmental pollutants. The present work is however a characterization study of
analytical nature and the direct hepatoprotection of both plants was not tested and needs to be confirmed in suitable biological

models.

Thus, chemical and antioxidant characterization is essential as a preliminary step. None of the in vitro assays is a complete
reflection of antioxidant capacity since antioxidants vary in polarity and reaction kinetics (Huang et al., 2005). TPC and TFC
should be used in conjunction with DPPH and ABTS (Prior et al., 2005). Phenolics like ellagic acid and gallic acid are good
sources of P. emblica (Liu et al., 2008; Yang et al., 2026). C. /longa is rich in curcuminoids and volatile sesquiterpenoids like ar-
turmerone (Singh et al., 2010). The main application of conventional GC-MS is to characterize volatile and semi-volatile
compounds (Fahmy et al., 2023; Tripathi et al., 2022).

Hence, the aim of this work was to perform a comparative phytochemical and antioxidant evaluation of P. ewblica and C. longa
powders through TPC, TFC, DPPH, ABTS and GC-MS and to investigate if the comparative phytochemical and antioxidant
profile of these powders would provide a rational basis for subsequent evaluation as complementary protective agents against
hepatotoxicity and associated oxidative injuries caused by polypropylene microplastic associated environmental pollutants. The
novelty of the study is the combination of botanical authentication, calibration-domain evaluation, concentration-response
antioxidant analysis, and library-assisted GC-MS profiling for both species in a single comparative workflow, explicitly
connected to a microplastic-hepatotoxicity research framework. The results can be used for botanical standardization, selection
of candidate extracts and marker compounds, prioritization of formulations and doses, and design of future cellular and animal

toxicology studies.
2. MATERIALS AND METHODS
2.1 Study design and analytical workflow

The use of an experimental comparative design to assess the performance of authenticated materials of P. emblica and C. longa
under a common analytical workflow. Samples E and C were coded respectively. All assays (TPC, TFC, DPPH and ABTS)
were repeated three times and the GC-MS profiling was performed using the same acquisition and data-processing platform
for both species. The spectrophotometric absorbance values were kept for the calculation of concentration, percentage
inhibition, IC50 values, coefficient of variation and normalized response area. Table 1 shows the procedures and analytical

endpoints.

630
Natural Resources for Human Health (NRFHH)

https://nrfhh.com



Natural Resources for
Human Health
eISSN: 2583-1194

Table 1. Summary of experimental procedures and analytical endpoints.

Analytical Analytical endpoint /
Procedure :

component quality measure

Botanical P. (j’mla/z'm ;?nd C. longa were C(')llected from local market of Chandwaji Authenticated powdered

material region (Jaipur), and authenticated by the Department of Botany, materials coded E and C
University of Rajasthan (RUBL 21776 and RUBL 21777).

Qualitative Initial color, precipitate, phase-separation, and foam/emulsion reactions | Visual documentation of

screening were photographed immediately after development. reaction endpoints

Total flavonoid

content

Aluminum chloride colorimetry using quercetin standards (0.2-1.0
mg/mL); absorbance at 510 nm; triplicate analysis.

mg QE/100 mg; calibration

range and precision

Total phenolic

Folin-Ciocalteu colorimetry using gallic acid standards (0.02-0.10

mg GAE /100 mg; calibration

ABTS assay

at 10-50 ng/mL were incubated for 10 min and measured at 734 nm.

content mg/mL); absorbance at 760 nm; triplicate analysis. range and precision

Samples at 5-25 pg/mL were reacted with 0.1 mM DPPH for 1 h and | Inhibition (%), ICso, and
DPPH assay .

measured at 517 nm. normalized AUC

ABTS radical cation was generated with ammonium persulfate; samples | Inhibition (%), ICsy, and

normalized AUC

A 1 pL aliquot was analyzed on an Agilent triple-quadrupole GC-MS

Peak count, relative area,

Data analysis

interpolated when bracketed; normalized AUC was calculated by the

GC-MS
ali system; data wete processed in MassHunter/Chrom Decon and searched | libraty scote, and tentative
rofilin
protfing against NIST23.L. annotation
Triplicate values were summarized as mean * SD and CV. IC50 was _ .
Descriptive comparison

. without inferential testing
trapezoidal rule.

2.2 Botanical materials, collection, and authentication

The plant materials of Phyllanthus emblica L. and Curcuma longa L. were collected from NIMS University campus and Chandwaji
region of Jaipur, Rajasthan, India respectively. Botanical identification was done in the Jaipur region. The authentication
numbers of P. enblica and C. longa were RUBL 21776 and RUBL 21777 respectively. Analytical assays were done with powdered
authenticated material.

All sample tubes and analytical records were kept under the codes E and C, and the solutions used for the assay were made up
to the concentrations specified for each procedure and measurements were made for the two species under similar experimental
conditions.

2.3 Qualitative phytochemical screening

Qualitative phytochemical reactions were carried out as a preliminary screening. Photographic documentation of the color
development, precipitate formation, phase separation and foam- or emulsion-like endpoints. These observations were not
recorded numerically, but were utilized as supporting visual evidence.

2.4 Total flavonoid content

TFC was assessed by aluminium chloride colorimetric method (Zhishen et al., 1999). The sample aliquot of 0.2 mL was diluted
to 4.0 mL with distilled water and 0.30 mL of 10% sodium nitrite was added. 0.30 mL of 10% aluminium chloride and 2.0 mL
of 1% sodium hydroxide were added after 5 min. The solution was then homogenized and the absorbance measured at 510nm
using a reagent blank. Quetcetin standatrds of 0.2-1.0 mg/mL generated the calibration equation y = 2.783x - 0.0934 (R? =
0.9892). The results wete presented as mg QE/100 mg.
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2.5 Total phenolic content

The Folin-Ciocalteu method (Singleton & Rossi, 1965) was selected to define the TPC. The standards of gallic acid (0.02-0.10
mg/mL) were mixed with ten-fold diluted Folin-Ciocalteu reagent (5 mL) and 7.5% sodium carbonate (4 mL). The absorbance
was measured at 760 nm. The calibration equation obtained was y = 2.46x + 0.0158 (R2 = 0.9947) and the findings were
detected as mg gallic acid equivalents (GAE)/100 mg.

B TFC samples e |

Figure 1. Photographic documentation of total flavonoid content standards and samples (A, B) and total phenolic content
standards and samples (C, D).

2.6 DPPH radical-scavenging assay

DPPH radical-scavenging activity was carried out according to the technique of Brand-Williams et al. (1995). The sample
solutions (5, 10, 15, 20 and 25 pg/mL) were mixed with 3 mL of 0.1 mM DPPH in methanol mixed thoroughly and incubated
for 1 h at room temperature. The absorbance was calculated at 517 nm with methanol as blank. The assay is assessed according
to the reduction of the stable DPPH radical (Blois, 1958). The %age inhibition was determined according to this formula: 100
X (Acontrol - Asample)/Acontrol. Control absorbances were 0.827, 0.828, and 0.828.

2.7 ABTS radical-cation-scavenging assay

The ABTS activity was calculated as described by Re et al. (1999). The ABTS solution (7 mM) was mixed with the ammonium
persulfate (2.45 mM) and enabled to incubate in the dark for 16 h. The radical solution was then diluted with ethanol to an
absorbance of 0.70 + 0.02 at 734 nm. The sample solutdons of 10, 20, 30, 40 and 50 ug/mL were mixed with 3 mL of ABTS
radical solution, diluted to 5 mL with ethanol and measured after 10 minutes at 734 nm. The percentage inhibition was resulted
as 100 X (Acontrol - Asample)/Acontrol with the absorbance of the control being 0.745.

CoEr ===

Figure 2. DPPH reactions for P. emblica and C. longa (A, B) and ABTS reactions for P. emblica and C. longa (C, D) across the
tested concentration seties.
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2.8 GC-MS acquisition and library searching

GC-MS analysis was carried out with an Agilent triple-quadrupole GC-MS system with 1 uL injection. Data were collected and
analyzed in Agilent MassHunter, chromatographic deconvolution was done in Chrom Decon, and mass spectra were searched

in NIST23.L library. Both botanical samples were analyzed using the same analytical approach.

Library matches were considered as tentative annotations. To summarize the spectral agreement, match scores were grouped
descriptively as 270, 60-69.9, 50-59.9, and <50. The categories were only used for comparative assessment and were not
considered as formal identification levels. Transparent documentation of chemical analysis is stressed in minimum reporting
standards (Sumner et al., 2007). Further evidence is needed such as retention indices, authentic standards, MS/MS or NMR, to
confirm small-molecule identification (Schymanski et al., 2014). It is recommended that system-suitability and quality-control
observations be selected to monitor analytical stability (Broadhurst et al., 2018).

GC-MS acquisition, chromatographic screening and tentative library annotation

0.

o Analytical sample 0 Original chromatograms from MassHunter reports G Representative library-search evidence

30 p emblica P. emblica: alpha-pinene C. longa: ar-turmerone

25 ‘
£ 20 1 7 Match St RSl Piob(X) Uy
B i
X ix wtummces 912 | 912 | %88 NSTZ
g 1 O | omees s w5 w1 wes
3 10 - curlone 815 815 R0 NSTZ3
Q p 1 Aitertion e duid swthortizol | T2 T2 | 883 NSTZS

o bl

1 plL injection 4 6 8 10 12 14 16 18 20 22 24 26 28

. 1
g § oy
- Counts vs. Acquisition Time (min) - ' Y
Agilent GC-MS platform S 3 , i
. i i | |
0 100 150 200
we

00

Retention time (min)

Counts (x10%)
Avundance

051 7 - |
| L 1 20 2 Match S RSL | Prob(%) Ubrary al
~ 1 ) § A2 htlbbodas b o
e —— ———————— siphapinene 935 935 997  NIST23 P 100 150 w0
4 6 8 10 12 14 16 18 20 22 24 26 28 30 30 32 34 36 38 40 ~z
Counts vs. Acquisition Time (min)

P. emblica: 37 integrated peaks C. longa: 23 integrated peaks NIST 23 library matching: compound names remain tentative

Figure 3. GC-MS analytical workflow showing sample injection, representative chromatograms, spectral library searching,

and tentative compound annotation.
2.9 Data processing and statistical analysis

The absorbance and GC-MS summary data were placed in a structured worksheet and tested for internal consistency. The
findings are expressed as the mean value & sample SD of three analytical measurements. CVs were used to characterize the
precision of measurements. Since the replicates were repeated measurements of the same botanical material, no inferential

hypothesis testing was done.

If the 50% inhibition was between two adjacent concentrations, IC50 was determined by local linear interpolation. The 50%
endpoint was not obsetved for C. /longa in the DPPH assay between 5-25 ng/mlL; the primaty result is reported as IC50 >25
pg/mlL, with the linear extrapolation shown as a secondary estimate. Integtated response was presented as the normalized area
under the concentration-response curve (AUC) using the trapezoidal rule and evaluated as a %age of the maximum possible
response area within the range of the tested concentrations.

3. RESULTS
3.1 Calibration performance and analytical range

Both the quercetin and gallic acid calibration curves exhibited good linearities with R2 of 0.9892 and 0.9947, respectively. The
absorbances of the TFC samples (0.015-0.025) were lower than the lowest absorbance of the quercetin standard (0.426). The
absorbances of the C. longa TPCs (0.021-0.022) were also below the lowest gallic-acid-standard absorbance (0.072), while the
absorbances of the P. emblica TPCs were within the calibration response range. Hence, the TFC values of both the samples were
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interpreted with caution and the TPC value of C. longa with caution. Figures 4 and 5 show the calibration-domain assessment,

and Table 2 shows the analytical ranges.

Absorbance at 510 nm

Quercetin calibration for total flavonoid content

3.0

2.5

g
o
"

=
w
L

=
o
1

0.5

0.0

@® Calibration standards
= Reported linear fit
Reported sample absorbance range

y = 2.783x - 0.0934
R? = 0.9892

Sample readings were below the lowest calibration standard.

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
Quercetin concentration (mg/mL)

1.0

Figure 4. Quercetin calibration curve for the total flavonoid assay. The shaded band indicates the sample absorbance range,

Absorbance at 760 nm

Figure 5. Gallic acid calibration curve for the total phenolic assay. The P. emblica absorbance was within the standard

which was below the lowest standard.

Gallic acid calibration for total phenolic content

0.25 A

o

N}

(=]
1

0.15 1

0.10 1

0.05 A

0.00

® Calibration standards
- Reported linear fit
P. emblica sample absorbance
C. longa sample absorbance

y = 2.46x + 0.0158
Rz =0.9947

C. longa readings were below the lowest calibration standard.

0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
Gallic acid concentration (mg/mL)

response range, whereas the C. /fonga response was below it.
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Table 2. Calibration characteristics and analytical-range assessment.

Assay Calibration range | Regression / R? Sample absorbance Interpretation
Both samples below the
TFC 0.2-1.0 mg/mL | y = 2.783x - 0.0934; R? | E: 0.021-0.025; C: 0.015- | lowest standard tresponse;
quercetin =0.9892 0.019 values interpreted
cautiously
P.  emblica within  the
TPC 0.02-0.10  mg/mL |y = 2.46x + 0.0158; R? | E: 0.121-0.122; C: 0.021- | response range; C. /longa
gallic acid =0.9947 0.022 below the lowest standard
response
Suitable  f¢ descripti
Raw absorbance | Monotonic decrease for | o o *Of . escripive
DPPH 5-25 pg/mL sample dabl both ) response analysis; C. /longa
m
avariable Ofh samples did not bracket 50%
Suitable for interpolati
Raw absorbance | Monotonic decrease for | oo Of Interpomation
ABTS 10-50 pg/mL sample . across the tested
available both samples .
concentration range

3.2 Total phenolic and flavonoid contents

TPC was 43.12 + 0.24 mg GAE /100 mg in P. emblica and 2.69 + 0.23 mg GAE /100 mg in C. longa, corresponding to a 16.05-
fold difference and an absolute difference of 40.44 mg GAE/100 mg. Their CVs were 0.55% and 8.60% respectively. Total
flavonoid content was 23.87 = 0.37 mg QE/100 mg in P. emblica and 22.86 £ 0.36 mg QE/100 mg in C. /longa, giving a 1.04-
fold ratio. The two phytochemical indices are compared in figure 6 and replicate summaries are provided in table 3.

A ... . . Jotal phenolic content B ... Total flavonoid content
e 251 e 22.86 + 0.36
401 5-fold difference
20 1
- 304
o
£ €15
g (=]
=1 o
o =
I} o
3 201 <t
g £ 10+
10 A 5
2.69 + 0.23
0- 0
P. emblica C. longa P. emblica C. longa

Figure 6. TPC (A) and TFC (B). Bars show mean £ SD, and points show the three analytical measurements.

635
Natural Resources for Human Health (NRFHH)

https://nrfhh.com



Natural Resources for
Human Health
eISSN: 2583-1194

Table 3. Total phenolic and flavonoid contents.

P. embli + C. 1 +
Measurement CPHEa, MEAN = | v () onga, mean = oy (%) | E/C ratio
) )
TPC (mg GAE/100 mg) | 43.12 % 0.24 0.55 2.69 % 0.23 8.60 16.05
TFC (mg QE/100 mg) | 23.87 % 0.37 155 22.86 + 0.36 157 1.04

3.3 DPPH radical-scavenging activity

The DPPH response for P. emblica was found to be steeply increasing with concentration from 20.30 + 0.12% at 5 ug/mL to
81.43 + 0.08% at 25 pg/mL. Its locally interpolated IC50 was 12.86 & 0.01 ng/mL. However, C. longa rose only from 15.59 *
0.11% to 31.66 £ 0.12% across the same range and was not able to reach the 50% endpoint. The linear extrapolation was 45.82
+ 0.18 pg/mL, which is model dependent and not recommended to be used in lieu of testing at higher concentrations. The
concentration-response curves and the in-range IC50 status are displayed in figure 7 and the calculated inhibitions at each
concentration are displayed in table 4.

90

DPPH radical-scavenging response

—&— P. emblica
=~ C. longa

80 -
70
60 1
"= 12.86 pg/mL

T B

40 1

DPPH inhibition (%)

301

20 A

10 A

C. longa did not reach 50% inhibii::ion within 5-25 pg/mL.

0 T \ T
5 10 15 20 25

Concentration (ug/mL)

Figure 7. DPPH radical-scavenging responses calculated from measured absorbance. Data are mean £ SD of three analytical
measurements. The C. longa curve did not bracket 50% inhibition.

Table 4. DPPH inhibition values calculated from absorbance.

Concentration P. emblica (%) C. longa (%) Dif’ference (percentage
(ng/mL) points)

5 20.30 £ 0.12 15.59 £ 0.11 4.71

10 41.00 £ 0.06 20.10 £ 0.17 20.90
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z;’}cr::)mﬁon P. emblica (%) C. longa (%) E;ffi‘s‘;nce (percentage
15 56.75 + 0.03 24.24 £ 0.05 32.50
20 63.23 + 151 29.72 £ 0.10 33.51
25 81.43 + 0.08 31.66 + 0.12 49.78

3.4 ABTS radical-cation-scavenging activity

P. emblica produced 46.89 £ 0.15% ABTS inhibition at 10 ng/mL and 98.97 £ 0.08% at 50 ng/mL. C. longa increased from
5.73 £ 0.21% to 90.65 £ 0.08%. The cortesponding IC50 values were 11.13 + 0.04 ng/mL and 31.46 £ 0.31 pg/mL,
respectively. The IC50 of P. emblica was 2.83-fold lower, which shows its higher ABTS-scavenging potency. The concentration-
response curves and interpolated IC50 values are shown in figure 8 and ABTS inhibition values are shown in table 5.

ABTS radical-cation scavenging response

100 1

80

60

40

ABTS inhibition (%)

204

—&— P. emblica
=i~ C. longa

10 20 30 40 50
Concentration (ug/mL)

Figure 8. ABTS radical-cation-scavenging responses calculated from measured absorbance. Vertical dotted lines indicate

locally interpolated IC50 values.

Table 5. ABTS inhibition values calculated from absorbance.

Concentration P. emblica (%) C. longa (%) Dif’ference (percentage
(ng/mL) points)

10 46.89 £ 0.15 573+ 0.21 41.16

20 74.45 +0.21 27.56 £0.21 46.89

30 88.14 £ 0.15 48.37 £ 0.34 39.78
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Concentration P. emblica (%) C. longa (%) Dif'ference (percentage
(ng/mL) points)

40 95.66 £ 0.08 59.55 £ 0.41 36.11

50 98.97 £ 0.08 90.65 £ 0.08 8.32

3.5 Integrated antioxidant performance

P. emblica exhibited the superior integrated response throughout the entire tested range. Normalized AUC was 52.96 £ 0.38%
for P. emblica and 24.42 £ 0.08% for C. longa in the DPPH assay, and 82.80 £ 0.09% versus 45.92 * 0.27% in the ABTS assay.
DPPH inhibition was about 2.57-fold different at the highest concentration tested, while the ABTS responses were converging
with both samples reaching high inhibition at 50 pg/mL. Integrated potency and response metrics are compared in Figure 9,
the underlying absorbance profiles are defined in Figure 10 and the endpoints are described in Table 6.

A Potency estimate B Integrated response C Highest tested dose
50 1 extrapolated 804 mE mC . 100 4
7 = S
40 ///_ =3 E’E 80 -
= ] 4 8
E / S 60 =
o 301 < 2 60 -
2 B c
Q N 40 5
n 20 = © 404
Q £ g
10 % 2 201 § 20
1. 77 .. : o
DPPH DPPH ABTS ABTS DPPH ABTS DPPH ABTS
E c* E c 25 pg/mL 50 pg/mL

* C. longa DPPH: linear extrapolation; the observed in-range result is IC50 >25 pg/mL.

Figure 9. Integrated antioxidant metrics: IC50 estimates (A), normalized concentration-response AUC (B), and observed
inhibition at the highest tested concentration (C). The hatched C. longa DPPH batr is a linear extrapolation, not an observed

1C50.
A DPPH absorbance at 517 nm B ABTS absorbance at 734 nm
0.7 1 —&— P emblica 0.7 —— P emblica
== C.longa =~ C.longa
0.6 1 0.6
0.5
o 0.5 1 o
2 c 04
[+ [
£ £
? 0.4 2
'E .&\ 0.3
0.3 1 0.2
0.1
0.2 1
0.0
5.0 7.5 10.0 125 15.0 175 20.0 225 25.0 10 15 20 25 30 35 40 45 50
Concentration (pg/mL) Concentration (pg/mL)

Figure 10. Raw absorbance profiles for DPPH (A) and ABTS (B). The lower absorbance of P. esblica across the
concentration series is consistent with stronger radical decolourization.
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Table 6. Integrated antioxidant metrics.

Metric P. emblica C. longa Comparative interpretation
. + i int in-
DPPH 1C50 (ug/mL) 12.86 + 0.01 >25 observed; 45.82 £ | C did not reach the endpoint in
0.18 extrapolated range

DPPH normalized AUC (%) | 52.96 + 0.38 24.42 £+ 0.08 2.17-fold higher for E
DPPH  inhibiti 25

tnibrtion - at 81.43 + 0.08 31.66 + 0.12 49.78 percentage-point difference
ug/mL (%)
ABTS IC50 (ug/mlL) 11.13 £ 0.04 31.46 = 0.31 2.83-fold lower for E
ABTS normalized AUC (%) | 82.80 £ 0.09 45.92 £ 0.27 1.80-fold higher for E
ABTS  inhibiti 50

imbidon - at 98.97 + 0.08 90.65 + 0.08 Both high at the top dose
ug/mL (%)

3.6 GC-MS chromatographic features

GC-MS analysis of P. emblica yielded 37 integrated chromatographic peaks and 45 library-annotated features among 54 detected
features (83.3% annotation yield). The main chromatographic region occurred between approximately 15.6 and 20.0 min. C.
longa yielded 23 integrated peaks and 31 library-annotated features among 46 detected features (67.4%), with prominent signals
near 3.7, 7.4, 12.0, 14.1-14.8, 17.9, and 22.2 min. MassHunter area values were treated as relative intensities rather than
compositional percentages because the listed values did not sum to 100. Figure 11 presents the chromatograms, and Figure 12
shows the dominant signals after within-sample normalization.

A Phylanthuse mblica

10° |* TCC Scan WRDPL_AYR_260422002_Phyllanthus Embllica.d

5.57
5
4.57
4
3.57
3+
2.57
2

T T T T T T T T T T T T T T T T N T
8 8.5 9 9.5 0 105 11 115 12 125 13 135 14 145 15 155 16 165 17 175 18 185 19 195 20 205 21 215

Counts vs. Acquisition Time (min)

27 54

Counts vs. Acquisition Time (min)

Figure 11. Representative total ion chromatograms for P. ewblica (A) and C. longa (B) obtained using Agilent MassHunter.
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igure 12. Dominant GC-MS signals plotted from relative area values. The largest peak within each sample was normalized

to 100; values do not represent percentage composition.

3.7 GC-MS library-match confidence

The mean match score for P. ewblica annotations was 58.44 £ 9.03 while that for C. longa annotations was 50.75 £ 8.68. For P.
emblica, 5 annotations scored 270, 16 scored 60-69.9, 14 scored 50-59.9, and 10 scored <50. The numbers for C. longa were 1,
5, 8 and 17, respectively. Hence, 53.3% of the library assignments of P. emblica and 80.6% of C. longa library assignments scored
below 60, highlighting the screening level nature of the output. The score distributions and annotation yields are shown in
Figure 13 and the feature counts and match-score categories are summarized in Table 7.
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Figure 13. GC-MS library-match assessment: score versus retention time (A), descriptive match-score categories (B), and
annotation yield (C).

640
Natural Resources for Human Health (NRFHH)

https://nrfhh.com



Natural Resources for

Human Health

elSSN: 2583-1194

Table 7. GC-MS feature and match-score summary.

Indicator P. emblica C.longa
Integrated chromatographic peaks 37 23

Features found by software 54 46
Library-annotated features 45 31
Annotation yield 83.3% 67.4%
Mean match score 58.44 £9.03 50.75 + 8.68
Score 270 5 (11.1%) 1 (3.2%)
Score 60-69.9 16 (35.6%) 5 (16.1%)
Score 50-59.9 14 (31.1%) 8 (25.8%)
Score <50 10 (22.2%) 17 (54.8%)

3.8 Representative tentative annotations

Among the highest-scoring biologically plausible annotations in P. emblica, terpene-related structures were the most prevalent,
such as 1,3,5-cycloheptatriene, 3,7,7-trimethyl-; spiro[2.4]heptane, 1,5-dimethyl-6-methylene-; dill ether; and 2-caren-4-ol.
Alpha-pinene was tentatively annotated at RT 15.832 min with a score of 65.29. The plausible annotations with higher scores
in C. longa were 1,2,3-benzenetriol, furfural, 2H-pyran-2,6(3H)-dione, trans-cinnamic acid, 3-furancarboxylic acid, a
trihydroxybenzoic-acid annotation, and at-turmerone. The match score between ar and turmerone was 50.90 and this was
interpreted with caution. The highest-scoring plausible annotations are compared in figure 14 and selected matches for each
species are listed in tables 8 and 9.

Highest-scoring biologically plausible tentative annotations

A B
P. emblica

1,3,5-Cycloheptatriene, 3,7,7-trimethyl- 1,2,3-Benzenetriol

Furfural
Spiro[2.4]heptane, 1,5-dimethyl-6-methylene-

2H-Pyran-2,6(3H)-dione

(S)-4-1sopropenyl-1-cyc y anol
trans-Cinnamic acid
(3,7,7-Trimethylbicyclo[2.2.1]hept-2-yl)methanol
3-Furancarboxylic acid
Bicyclo[3.3.0]octan-2-ol, 7-methylene-
2(5H)-Furanane
Dill ether

Benzoic acid, 3,4,5-trihydroxy-

2,6-Dimethyl-1,3,5,7-octatetraene
" v 1,6-Anhydro-B-D-glucofuranose

2-Caren-4-ol arTurmerone 50.90

40 45 50 55 60 65 70 75 80 40 45 50 55 60 65 70 75 80
NIST library match score NIST library match score
Figure 14. Highest-scoring biologically plausible tentative GC-MS annotations. Obvious background or artefact candidates
wete excluded from this display but retained in the audit.
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‘Table 8. Selected tentative annotations for P. emblica.

RT Lib
Tentative annotation . Formula tbrary Interpretive note
(min) score
High : i ]
1,3,5-Cycloheptatriene, 3,7,7-trimethyl- | 16889 | CIOH14 | 75.19 1ghest score; tentative terpene
related match
Spiro[2.4]heptane, 1,5-dimethyl-6- 16.011 C10H16 72,39 Higher-score terpene-related
methylene- match
S)-4-1 11-
(8)-4-Isopropeny 21.640 | C10H160 | 72.23 Oxygenated terpene-like match
cyclohexenylmethanol
3,7,7-Trimethylbicyclo[2.2.1]hept-2-
(.7, 7-Trimethylbicyclof2.2.1]hept 21364 | C11H200 | 71.49 Oxygenated bicyclic match
yl)methanol
T i ; d  bicycli
Bicyclo[3.3.0]octan-2-0l, 7-methylene- | 19.503 | COH140 | 70.97 enatve oxygenated - bieyelie
constituent
Plausibl ’ d
Dill ether 19.984 | CIOH160 | 68.39 ausibe oxgenate
monoterpenoid
2,6-Dimethyl-1,3,5,7-octatetraene 18.822 C10H14 67.66 Unsaturated hydrocarbon match
Plausibl d
2-Caren-4-ol 19.593 | C10H160 | 67.03 e oxygenate
monoterpenoid
R { .
alpha-Pinene 15832 | C10H16 | 65.29 cpresentative - monoterpen
unconfirmed
2-Methoxy-4-vinylphenol 13.354 CO9H1002 | 54.63 Phenolic volatile; low-score match
Table 9. Selected tentative annotations for C. /onga.
RT Lib
Tentative annotation . Formula tbraty Interpretive note
(min) score
1,2,3-Benzenetriol 14.148 C6H60O3 | 70.55 Highest score; phenolic match
Plausible  fi ; fl,
Furfural 3665 | C5H402 | 6852 ausible  furan; may  reflect
processing or thermal chemistry
2H-Pyran-2,6(3H)-dione 7.366 C5H403 | 67.12 Oxygenated heterocycle
trans-Cinnamic acid 14.823 | C9H8O2 | 63.09 Phenylpropanoid-related match
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RT Lib
Tentative annotation . Formula tbrary Interpretive note
(min) score
3-Furancarboxylic acid 9.002 C5H403 | 60.40 Furan-derived acid
2(5H)-Furanone 3.245 C4H402 | 54.66 Furanone match
Provisional gallic-acid-lik h;
Benzoic acid, 3,4,5-trihydroxy- 2428 | C7TH605 | 52.59 rovistonal gatic-acid-like mateh;
confirmation required
Possibl h 1 bohyd
1,6-Anhydro-beta-D-glucofuranose 17.064 | C6H1005 | 52.51 ossible  thermal - carbohydrate
product
Ch ically plausible b
ar-Turmerone 17.901 | C15H200 | 50.90 emoraxonomicaly piausibie but
low-score
4-Decanol 19.815 | C10H220 | 48.36 Very-low-score aliphatic match

3.9 Integrated evidence and photographic documentation

Integration of the quantitative and chromatographic endpoints showed that the largest between-species difference occurred in
TPC, followed by DPPH response and normalized AUC. TFC values were similar, while ABTS inhibition converged at the
highest concentration. The assay photographs documented concentration-dependent decolorization in the DPPH and ABTS
series and distinct color development in the TPC and TFC reactions. Figure 115 summarizes the relative evidence and analytical

quality checkpoints, and Figure 15 (B) presents the assay photographs.

A  Within-metric relative evidence B Analytical integrity checkpoints
1.0
@ Raw absorbance available Pass
0.8 @ Technical triplicates Pass
P. emblica JERE] 1.00 1.00 1.00 1.00 1.00 1.00 1.00
@ Independent extraction batches Required
)
0.6 % @ TFC calibration domain Caution
>
g @ C. longa TPC calibration Caution
o
0.4 9 @ DPPH C endpoint bracketed Required
C. longa i 0.96 @ GC-MS RI/ standards Required
0.2 @ Blank/ QC sequence reported Required
Pass = reported and internally consistent; Caution = calibration limitation; Required =
missing confirmation or replication
0.0

o

S i

a o

+ C c .
«® W » e
PN & o
s s OQQY\ ?‘%«

+
«?
» ©
° )

*C. longa DPPH potency uses the stated exploratory extrapolation; it was not observed within the tested range

Figure 15. Relative evidence matrix (A) and analytical integrity checkpoints (B). Each matrix metric was normalized to the
higher of the two sample values.

4. DISCUSSION
4.1 Comparative phenolic and antioxidant profile

The principal finding was the markedly stronger phenolic and radical-scavenging profile of P. emblica. The approximately 16-
fold TPC difference was accompanied by a 2.17-fold higher DPPH normalized AUC and a 1.80-fold higher ABTS normalized
AUC. This concordance is chemically plausible because hydrolyzable tannins and gallic- and ellagic-acid-related constituents
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are prominent in P. emblica fruit (Yang & Liu, 2014). Phenolics isolated from the fruit have shown substantial radical-scavenging
activity (Liu et al., 2008).

The similarity of the TFC values suggests that the contrast between species was not captured by the aluminum-chloride-reactive
fraction alone. The assay does not respond equally to all flavonoid subclasses (Khoddami et al., 2013). The Folin-Ciocalteu
method reflects reducing capacity and can respond to nonphenolic reductants (Prior et al., 2005). Extraction and matrix
composition can further influence apparent phenolic values (Dai & Mumper, 2010). Consequently, TPC should be interpreted
as a comparative reducing index rather than a definitive mass of structurally confirmed polyphenols. The calibration-domain
findings also indicate that the TFC results and C. /onga TPC value require cautious interpretation.

4.2 Assay-dependent differences between DPPH and ABTS

The same overall ranking was obtained for the DPPH and ABTS assays, but different response shapes were observed. In both
the assays P. emblica exhibited 50% inhibition at the lowest concentration. C. /onga failed to achieve 50% DPPH inhibition at 25
pg/mL and achieved >90% ABTS inhibition at 50 pg/mL. In organic media, steric accessibility and reaction kinetics can affect
the DPPH reaction (Huang et al., 2005). ABTS is sensitive to a wider variety of electron donors, both hydrophilic and lipophilic
(Re et al., 1999). It is therefore preferable to interpret either of these methods alone with complementary antioxidant assays
(Apak et al.,, 2013).

Direct calculation of the IC50 from the concentration-response data is important as the estimate is dependent on whether the
50% endpoint is bracketed. If concentrations of adjacent areas are below and above 50%, it is appropriate to interpolate locally,
but extrapolation beyond the range of the tested concentrations is less certain. Therefore, the C. fonga DPPH result is mainly
expressed as IC50 >25 ng/mlL, and the extrapolated value is only included to show the concentration range.

4.3 Interpretation of the C. longa profile

The low TPC of C. /onga does not mean that there are no biologically relevant turmeric constituents. Conventional GC-MS did
not sufficiently reflect the presence of curcuminoids unless they were derivatized or validated in their preparation (Fahmy et
al,, 2023). The processing and extraction have significant impact on antioxidant activity and volatile composition of turmeric
(Singh et al., 2010; Anuradha et al., 2015; Yun et al., 2025). The composition of essential oils is also different from one Curcuma
material to another (L. Zhang et al., 2017). Thus, complementary HPLC-DAD or LC-MS analysis would be helpful to quantify

curcumin, demethoxycurcumin and bisdemethoxycurcumin in addition to the volatile profile.
4.4 GC-MS annotation confidence and artefact control

GC-MS screening gave clear chemical fingerprints and did not allow for definitive compound identification. Most of the
annotations were below 70% match and some of the hits were chemically unlikely such as tetrafluoromethane, krypton, and
silane derivatives in the C. Jonga library output. These assighments may be due to background, column or septum bleed, solvent
contamination, co-elution, low intensity peaks, or to nonspecific library matching and were not used in the biological

interpretation.

The output of P. emblica also contained turmeric associated annotations such as dihydro-ar-turmerone and turmeronol A. They
can be due to low specificity matching, unresolved co-elution, carry-over, cross-contamination, or unusual sample chemistry.
Priority compounds would need to be confirmed by replicate injections, authentic standards and retention-index comparison.
This tentative status is in line with the principles of minimum chemical-analysis reporting (Sumner et al., 2007). Explicit
communication of identification confidence should be made (Schymanski et al., 2014). Analytical stability can be further ensured
with routine blanks and pooled quality-control samples (Broadhurst et al., 2018).

4.5 Biological relevance

The significant radical-scavenging profile of P. emblica indicates its prioritization for further biological studies, and the unique
C. Jonga volatile profile indicates complementary chemistry. In vitro antioxidant assays, however, do not show bioavailability,
cellular protection or hepatoprotective efficacy. Any therapeutic interpretation should thus be validated in suitable cellular or

animal models, with biochemical, oxidative-stress, inflammatory and histopathological endpoints.
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4.6 Positive aspects and limitations

The advantages of this work are the application of complementary spectrophotometric assays, the retention of triplicate
absorbance data, concentration-response analysis, integration with GC-MS profiling and documented botanical authentication.
Limitations are the use of technical instead of independent extraction replicates, incomplete details of sample preparation and
GC-MS acquisition, the sample absorbances were not in the stated calibration range for TFC and C. /onga TPC, no reference
antioxidant was used, and no retention indices or authentic standards were used to confirm GC-MS results. These factors affect

absolute quantification and identification at the compound level, but do not affect the observed ranking of radical-scavenging

activity. Table 10 provides a summary of the main analytical issues and how they have been addressed in the current study.

Analytical

Treatment in the present study / recommended

calibration range

consideration Observation follow-up
TFC calibration | Sample absorbances 0.015-0.025 versus Values - interpreted cau.tlously; future measurements
should use an appropriate sample concentration and
range lowest standard 0.426 .
validated range
C. longa TPC | Sample absorbances 0.021-0.022 versus | Value interpreted cautiously; confirmation with lower

lowest standard 0.072

dilution or an extended validated range is recommended

DPPH C value at 10
pg/mL

One tabulated percentage conflicted
with the corresponding absorbance

The absorbance-detived mean value was used in the
analysis

ABTS C value at 50
ug/mL

One tabulated percentage conflicted
with the corresponding absorbance

The absorbance-derived mean value was used in the
analysis

0,
ABTS E IC50 The 50% response was bracketed Local interpolation was used to estimate 1C50
between 10 and 20 ng/mL
DPPH C IC50 Fifty percent inhibition was not | The obsgvgd result is reported as >25 pg/ml;
reached by 25 pg/mL extrapolation is secondary only
GC-MS compound | Retention indices and authentic | Al compound names are reported as tentative
identity standards were not available annotations
L Three analytical measurements were | Results are summatized descriptively without inferential
Replication

obtained from one material per species

testing

Table 10. Analytical considerations and treatment of the corresponding data.
5. CONCLUSION AND FUTURE WORK

Under the experimental conditions used, the phenolics and in vitro radical-scavenging profile of authenticated P. emblica was
markedly superior to that of C. Jonga. It had a TPC of about 16 times higher, and it had lower IC50 values and higher normalized
AUC in both DPPH and ABTS assays. TFC values were comparable, but with limitations in the calibration domain, caution is
advised in interpretation. GC-MS showed different volatile and semi-volatile fingerprints, and there were more integrated peaks
in P. emblica with generally higher library-match scores. All compound names are tentative, as no retention-index or authentic-
standard confirmation was done. The results, when combined, provide the basis for comparing the two botanicals for
standardization and for future testing of their biological activity. Future perspectives are in silico model should be integrated to
prioritize the tentatively identified phytochemicals from both plants against molecular targets associated with the oxidative
stress, inflammation, lipid dysregulation, and hepatotoxicity caused by microplastic exposure. The most plausible compounds
and pathways might be selected for further validation in cell and animal models using molecular docking, network
phatrmacology, molecular-dynamics simulation, and ADME /toxicity prediction.
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