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Abstract— The present study evaluated the antioxidant capacity of
selected plant extracts using the phosphomolybdenum assay, a
spectrophotometric method based on the reduction of molybdenum
(V) to molybdenum (V) and the subsequent formation of a green
phosphate/Mo(V) complex under acidic conditions. The absorbance of
the resulting complex was measured at 695 nm and compared with the
synthetic antioxidant butylated hydroxytoluene (BHT) as the reference
standard. Relative Antioxidant Capacity (rAOC) was determined using
the ratio of the slope of each sample to the slope of BHT.

Results showed a concentration-dependent increase in absorbance
for all samples, indicating their ability to reduce molybdenum ions and
exhibit antioxidant activity. The calculated rAOC values from the
seven-point calibration were 0.39, 0.55, and 0.45 for CcC, SiC, and
DcH, respectively, while the three-point calibration yielded rAOC
values of 0.42, 0.55, and 0.45. BHT consistently exhibited the highest
antioxidant capacity (rAOC = 1.00). Among the plant extracts, SiC
demonstrated the greatest antioxidant activity, followed by DcH and
CcC. However, comparison of the regression slopes and rAOC values
revealed no significant differences among the samples. The graphical
analysis further confirmed the similarity of the antioxidant responses,
with only a slight variation observed in the rAOC value of CcC
between the three-point and seven-point analyses.

These findings suggest that all tested extracts possess measurable
antioxidant potential, although their activities remain lower than that
of BHT. The absence of significant differences among the extracts
indicates comparable antioxidant capacities under the conditions of
the phosphomolybdenum assay. The observed antioxidant properties
support the potential use of these natural plant sources in developing
prophylactic and therapeutic agents against oxidative stress-related
diseases, including cancer and cardiovascular  disorders.
Furthermore, the results provide scientific support for the therapeutic
claims associated with antioxidant-rich natural herbs and warrant
further investigation into their bioactive constituents and
pharmacological applications.

Keywords— Antioxidant capacity, phosphomolybdenum assays, UV-
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I. INTRODUCTION

Antioxidants have gained considerable attention in food,
pharmaceutical, and cosmetic research because of their ability
to counteract oxidative damage and promote human health [1].
Oxidative stress occurs when the production of reactive oxygen
species exceeds the capacity of endogenous defense
mechanisms, leading to cellular and molecular damage that
contributes to aging and the development of chronic diseases
[2]. Extensive evidence has linked oxidative stress to the
pathogenesis of cardiovascular diseases, cancer, diabetes
mellitus, neurodegenerative disorders, and inflammatory
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conditions, highlighting the importance of identifying and
evaluating effective antioxidant sources [3][4][5]. Natural
plant-derived antioxidants have become particularly attractive
due to their abundance of bioactive compounds, including
phenolics, flavonoids, tannins, and other secondary metabolites
that can scavenge free radicals and inhibit oxidative reactions
[6].

The assessment of antioxidant capacity is therefore essential
for determining the potential health-promoting properties of
plant-derived extracts and functional products [7]. Several
analytical methods have been developed to evaluate antioxidant
activity; however, differences in reaction mechanisms and
antioxidant behavior often result in varying estimates of
antioxidant potential [8]. Among these methods, the
phosphomolybdenum assay introduced by Prieto et al. remains
one of the most widely accepted techniques for its simplicity,
reproducibility, sensitivity, and applicability to both water- and
lipid-soluble antioxidant compounds [9]. The assay is based on
the reduction of molybdenum (VI) to molybdenum (V) by
antioxidant substances under acidic conditions, resulting in the
formation of a green phosphate—Mo(V) complex that can be
quantified spectrophotometrically [10],[11].

Given the increasing interest in natural antioxidant sources
and the need for efficient analytical approaches, this study aims
to determine and compare the total antioxidant capacities of
selected plant extracts using the phosphomolybdenum method.
Furthermore, the study evaluates the efficiency of reduced-
calibration-point measurements as a potential strategy to
simplify antioxidant analysis while maintaining analytical
reliability and accuracy [12].

II. MATERIALS AND METHODS

Chemicals and Reagents. The antioxidant capacity of the plant
extracts CcC, SiC, and DcH was determined using the
phosphomolybdenum assay. The chemicals and reagents used
in the study included methanol, concentrated sulfuric acid
(H2SO0s4), sodium phosphate (Na;POs4), ammonium molybdate
tetrahydrate [(NH4)sM07024-4H20], and butylated
hydroxytoluene (BHT), which served as the reference
antioxidant standard. All reagents were of analytical grade and
were used without further purification.

Instrumentation. The instruments and laboratory apparatus
used in this study included a Double Beam UV-—Visible
Spectrophotometer (LI-2800, LI Sciences), 50-mL volumetric
flask, automatic micropipettes (0.3 mL and 3.0 mL), disposable
UV cuvettes (2.5 mL), capped test tubes, capped sample vials,

Marian Mae M. Yamit, “Spectrophotometric Evaluation of Total Antioxidant Capacity Using the Phosphomolybdenum Complex Formation
Method,” International Research Journal of Advanced Engineering and Science, Volume 11, Issue 2, pp. 176-179, 2026.



a thermometer, a hot plate, and a boiling water bath.
Absorbance measurements were performed at a wavelength of
695 nm using the UV—Visible spectrophotometer.

Sample Preparation. The phosphomolybdenum reagent
solution consisted of 0.6 M sulfuric acid, 28 mM sodium
phosphate, and 4 mM ammonium molybdate. The reagent was
prepared by dissolving 0.2295 g of sodium phosphate and
0.2472 g of ammonium molybdate in a methanolic sulfuric acid
solution containing 1.6 mL of concentrated sulfuric acid, then
adjusting the final volume to 50 mL with methanol.

Sample solutions were prepared by dissolving 0.0500 g of

each dried plant extract (CcC, SiC, and DcH) in 1.0 mL
methanol. A stock solution of BHT (150 mg/mL) was prepared
in methanol and subsequently diluted to obtain standard
concentrations for the calibration curve.
Evaluation of total antioxidant capacity. The total antioxidant
capacity of the plant extracts was determined following the
phosphomolybdenum method described by Prieto et al. Briefly,
3.0 mL of the phosphomolybdenum reagent solution was
transferred into each test tube. Subsequently, 0.3 mL of either
plant extract solution, BHT standard solution, or methanol
(blank control) was added. Sample analyses were conducted in
triplicate, while standard solutions were prepared in single
determinations.

The reaction mixtures were capped and incubated in a
boiling water bath maintained at 95°C for 90 min. After
incubation, the tubes were allowed to cool to room temperature
for approximately 50 min. The absorbance of the resulting
green phosphate/Mo(V) complex was measured at 695 nm
against the methanol blank.

For calibration, a series of BHT standard solutions was
prepared by transferring appropriate aliquots (100, 200, 400,
600, 800, 1000, and 1300 pL) of the stock solution into separate
vials and adjusting the volume to 5 mL with methanol.
Calibration curves were generated by plotting absorbance
against BHT concentration. The antioxidant capacities of CcC,
SiC, and DcH were expressed relative to the BHT standard.

The relative antioxidant capacity (rAOC) of each sample
was calculated using the equation:

rAOC = (Slope of Sample) / (Slope of BHT)
where the slope was obtained from the linear regression
equation of the concentration—absorbance calibration plot.
Results were reported as mean + standard deviation of triplicate
determinations.

III.

The antioxidant capacities of the plant extracts CcC, SiC,
and DcH were evaluated using the phosphomolybdenum assay
and expressed as relative antioxidant capacity (rAOC) in
comparison with the reference antioxidant, butylated
hydroxytoluene (BHT). The assay is based on the reduction of
Mo(VI) to Mo(V) by antioxidant compounds, resulting in the
formation of a green phosphate/Mo(V) complex that is
measured spectrophotometrically at 695 nm.

The concentration—absorbance plots for all samples
exhibited a positive linear relationship, indicating that
antioxidant activity increased proportionally with increasing
sample concentration. Similar trends were observed for both the
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seven-point and three-point calibration models. The linear
regression slopes obtained from the concentration—absorbance
plots were used to calculate the relative antioxidant capacity of
each sample.
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Figure 1. Seven-data points plot of all samples and BHT

For the seven-point calibration shown in Figure 1, the
calculated relative antioxidant capacity (rAOC) values were
0.39, 0.55, and 0.45 for CcC, SiC, and DcH, respectively, while
butylated hydroxytoluene (BHT) exhibited an rAOC value of
1.00. Similarly, the three-point calibration presented in Figure
2 yielded rAOC values of 0.42, 0.55, and 0.45 for CcC, SiC,
and DcH, respectively, with BHT again assigned a value of
1.00. The comparable results from both calibration approaches
suggest that the reduced calibration model can reliably estimate
antioxidant capacity while minimizing analytical complexity
and reagent consumption [13]. Among the plant extracts
evaluated, SiC exhibited the highest antioxidant capacity,
suggesting a greater abundance or greater effectiveness of
redox-active phytochemicals that can donate electrons and
neutralize reactive species [14].
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Figure 2. Three-data-point plot of all samples and BHT

Although all plant extracts exhibited lower antioxidant
capacities than BHT, their measurable activity confirms the
presence of naturally occurring antioxidant compounds that
may contribute to the reduction of oxidative stress and
biological protection [15]. Previous studies have shown that
plant-derived antioxidants, particularly phenolic and flavonoid
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constituents, often exhibit lower in vitro antioxidant values than
synthetic standards but are valued for their safety,
bioavailability, and  multifunctional  health-promoting
properties [14,15]. These findings support the potential
application of the tested extracts as natural antioxidant sources
and further demonstrate the suitability of simplified calibration
procedures for antioxidant screening assays [13].

Among the tested extracts, SiC demonstrated the highest
antioxidant capacity, with an rAOC value of 0.55 in both
calibration approaches. This finding suggests that SiC contains
a higher concentration of electron-donating antioxidant
constituents that facilitate the reduction of molybdenum ions
during the phosphomolybdenum reaction, thereby reflecting a
stronger total antioxidant potential [16]. DcH exhibited
intermediate antioxidant activity with an rAOC value of 0.45,
while CcC showed the lowest antioxidant capacity, with rAOC
values ranging from 0.39 to 0.42. Variations in antioxidant
capacity among plant extracts are often attributed to differences
in the composition and concentration of bioactive compounds,
particularly phenolics, flavonoids, and other secondary
metabolites that contribute to redox activity and free radical
scavenging mechanisms [17]. Despite these differences, the
relatively narrow range of rAOC values observed among the
extracts indicates that all samples possess comparable
antioxidant potential under the assay conditions employed.
Similar observations have been reported in comparative
antioxidant studies, in which extracts with differing
phytochemical profiles exhibited moderate variation in
antioxidant activity while maintaining comparable overall
reducing capacity [18]. These results suggest that while SiC
may represent the most promising antioxidant source among the
tested extracts, DcH and CcC likewise contain biologically
relevant antioxidant compounds that warrant further
phytochemical characterization and functional evaluation.
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Figure 3. Relative Antioxidant Capacity (rAOC) of the plant samples

The concentration—absorbance plots further support the
antioxidant profiles of the tested extracts. The regression slopes
obtained from the seven-point calibration were approximately
0.0016, 0.0021, and 0.0017 for CcC, SiC, and DcH,
respectively, compared with 0.0041 for BHT, while the three-
point calibration produced comparable slopes of approximately
0.0015, 0.0021, and 0.0017 for CcC, SiC, and DcH,
respectively, against 0.0038 for BHT. The strong agreement
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between the slope values generated by the two calibration
approaches demonstrates the precision and reproducibility of
the phosphomolybdenum assay, indicating that reduced
calibration models can provide reliable estimations of
antioxidant capacity without substantially affecting analytical
performance [19,20]. The slight increase in the rAOC value of
CcC from 0.39 to 0.42 between calibration approaches may
reflect minor analytical variability commonly observed in
spectrophotometric antioxidant assays, whereas the identical
rAOC values obtained for SiC and DcH confirm the stability
and consistency of their antioxidant responses [21,22].

The lower antioxidant capacities of the plant extracts
compared with BHT are expected, as synthetic antioxidants are
highly purified compounds specifically designed to exhibit
strong reducing and radical-scavenging activities [23].
Nevertheless, the measurable antioxidant capacities observed in
CcC, SiC, and DcH suggest the presence of naturally occurring
phytochemicals capable of participating in electron-transfer
reactions and neutralizing oxidative species [24]. Numerous
studies have demonstrated that phenolic acids, flavonoids,
tannins, terpenoids, and other plant-derived metabolites
contribute significantly to antioxidant activity through
hydrogen atom transfer, metal-chelating activity, and free
radical scavenging mechanisms [25]. The effectiveness of these
compounds is often influenced by their structural
characteristics, concentration, and synergistic interactions
within the plant matrix, which can collectively enhance overall
antioxidant performance [26].

Overall, the phosphomolybdenum assay confirmed that all
three plant extracts possess antioxidant activity, with SiC
exhibiting the highest relative antioxidant capacity among the
samples evaluated. The close correspondence of rAOC values
obtained from both calibration approaches provides evidence of
the robustness and repeatability of the analytical method,
reinforcing its suitability for antioxidant screening studies [27].
Furthermore, the consistent antioxidant responses observed
across the extracts support their potential as natural sources of
bioactive compounds with protective effects against oxidative
stress [28]. These findings provide an important foundation for
future phytochemical profiling, compound isolation, and
biological investigations aimed at identifying the specific
constituents responsible for the observed antioxidant activities
and assessing their potential applications in food,
pharmaceutical, and nutraceutical formulations [29][30].

IV. CONCLUSION

The phosphomolybdenum assay demonstrated that all plant
extracts (CcC, SiC, and DcH) possess antioxidant activity, as
evidenced by their ability to reduce Mo(VI) to Mo(V). Among
the samples, SiC exhibited the highest relative antioxidant
capacity (rAOC = 0.55), followed by DcH (rAOC = 0.45) and
CcC (rAOC = 0.39-0.42). Although the antioxidant capacities
of the extracts were lower than those of the reference standard
BHT, the results indicate that the tested plant extracts contain
bioactive compounds with antioxidant potential. Furthermore,
the comparable rAOC values obtained from both the three-point
and seven-point calibration methods confirm the assay's
consistency and reliability. These findings support the potential
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of CcC, SiC, and DcH as natural sources of antioxidants and
provide a basis for further phytochemical and pharmacological
investigations.
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