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Abstract: Flavonoids are polyphenolic secondary metabolites with various
biological activities, including antioxidant and anti-inflammatory effects. This
study aimed to determine the total flavonoid content in Tinospora crispa
(brotowali) stem extract using the AICl: colorimetric method and UV-Vis
spectrophotometry. The brotowali stems were extracted using a decoction
method with distilled water as the solvent. The formation of a yellow complex
between flavonoids and AICl; was measured at a wavelength of 435 nm using
a UV-Vis spectrophotometer. A standard calibration curve was prepared
using quercetin as the reference compound. The absorbance values of the
sample were compared against the quercetin standard curve to determine the
flavonoid concentration, expressed as mg quercetin equivalent (QE) per 100 g
of extract. The total flavonoid content in the brotowali extract was found to be
approximately 0.40%, indicating a moderate level of flavonoids relative to
similar medicinal plants. These results suggest that Tinospora crispa stems may
serve as a potential source of natural flavonoids with therapeutic applications.
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activities (Neldawati et al., 2013; Purnamasari et al.,
2022). Scientifically determining the flavonoid content in
brotowali stem extract is essential to evaluate its

Introduction

Flavonoids are secondary metabolites from the

polyphenol group that are widely found in nature,
especially in plants, and are known to possess various
biological activities such as antioxidant, anti-
inflammatory, and antibacterial effects (Silalahi et al.,
2016; Widiastuti et al., 2019). These activities play a key
role in neutralizing free radicals that cause cellular
damage and contribute to the prevention of
degenerative diseases. Due to their bioactive properties,
flavonoids are widely used in both traditional medicine
and modern pharmaceuticals (Wang et al., 2016). One
plant with a high flavonoid content and significant
therapeutic potential is Tinospora crispa or brotowali,
which has been traditionally used across several Asian
countries, including Indonesia (Hasanah et al., 2022).
The stem of Tinospora crispa contains various
bioactive compounds, including flavonoids, which are
believed to exhibit antioxidant and anti-inflammatory
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therapeutic potential. One of the common analytical
methods used for this purpose is UV-Visible (UV-Vis)
spectrophotometry. This method is widely applied due
to its simplicity, relatively low cost, and adequate
sensitivity for detecting compounds that absorb in the
UV-visible spectrum (Sharma et al.,, 2025). Although
alternative techniques such as High-Performance Liquid
Chromatography (HPLC) are available, UV-Vis
spectrophotometry offers a practical and efficient option
for early-stage or laboratory-scale studies (De Aratjo et
al., 2022).

The technique is based on the Lambert-Beer law,
which states that absorbance is directly proportional to
the concentration of a substance in solution. In this
context, the formation of a yellow complex between
flavonoids and aluminum chloride (AlClLs) exhibits a
maximum absorbance at a specific wavelength,
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generally around 435 nm (Bhandari et al., 2015). The
present study applies the AICI; colorimetric method
combined with UV-Vis spectrophotometry, using
quercetin as a reference standard, to quantify the total
flavonoid content in Tinospora crispa stem extract. Nabi
et al. (2017) reported similar total flavonoid content
analysis using UV-Vis  spectrophotometry in
Zingiberaceae species.

Although studies on flavonoid determination are
widely reported, the novelty of this research lies in the
application of a decoction extraction method using
distilled water, a traditional approach that is
underrepresented in quantitative flavonoid research.
This makes the research important, as it provides a
scientific basis for validating conventional herbal
preparation techniques. Therefore, this study aims to
determine the total flavonoid content of brotowali stem
extract using UV-Vis spectrophotometry as a rapid,
accessible, and reliable analytical method. This aligns
with Harjono et al. (2022), who emphasized the
relevance of contextual experiments like flavonoid
analysis in education.

Method

This study aimed to determine the total flavonoid
content in Tinospora crispa (brotowali) stem extract
using the aluminum chloride (AICls) colorimetric
method combined with UV-Vis spectrophotometry. The
AlCl; method was selected due to its specificity for
flavonoids with hydroxyl groups, which form a yellow
complex with maximum absorbance at 435 nm (Chang
et al, 2004, Harborne, 1989). The UV-Vis
spectrophotometer used was Go Direct SpectroVis Plus
(Vernier). This method was chosen because of its
simplicity, cost-effectiveness, and adequate sensitivity
compared to more advanced techniques such as HPLC
(Mansour et al., 2025; Pawar, 2024; Rani et al., 2024).

The principle of UV-Vis spectrophotometry is
based on measuring the amount of light absorbed by a
solution at a specific wavelength. According to the
Lambert-Beer law, absorbance (A) 1is directly
proportional to the concentration of the absorbing
compound in the solution, where A =& x ¢ x 1. In this
equation, A is absorbance, € is the molar absorptivity
coefficient, ¢ is the concentration of the solution in
mol/L, and 1is the path length of the cuvette, typically 1
cm. Cong-Hau et al. (2021) demonstrated how aqueous
extraction and brewing conditions significantly affect
flavonoid solubility.

The equipment used in this study included a UV-
Vis spectrophotometer, analytical balance with £0.01 mg
precision, 50 mL beaker glass, measuring pipettes (1 mL
and 5 mL), a centrifuge, and a water bath or incubator.
The materials used were 96% ethanol (pro analysis

June 2025, Volume 11, Issue 6, 284-289

grade), 10% aluminum chloride solution prepared by
dissolving 1 gram of AlCls in 10 mL distilled water, 1 M
potassium acetate prepared by dissolving 98.15 grams of
potassium acetate in 1000 mL ethanol, distilled water,
quercetin as the standard flavonoid compound, and
Tinospora crispa stem extract. Sostaric et al. (2024)
validated the effectiveness of AICls as a derivatizing
reagent for UV-Vis quantification of flavonoids.

To prepare the standard curve, 25 mg of quercetin
was weighed and dissolved in 10 mL of ethanol to make
a 1000 ppm stock solution. Serial dilutions were then
performed to obtain standard solutions with
concentrations of 0, 6, 8, 10, 12, and 14 ppm. Each
standard solution was mixed with 0.1 mL of 10% AICls,
0.1 mL of 1 M potassium acetate, 1.5 mL of ethanol, and
2.8 mL of distilled water. The mixtures were
homogenized and incubated at room temperature for 30
minutes. Absorbance was measured at 435 nm using the
UV-Vis spectrophotometer, and the absorbance values
were plotted against the concentrations to generate the
standard calibration curve. Measurement at 435 nm was
chosen to match the maximum absorbance of the
flavonoid-AlCl; complex and to ensure consistency
between standard and sample analysis.

For sample preparation, 100 grams of Tinospora
crispa stems were decocted in 1000 mL of distilled water
until the volume was reduced to approximately 500 mL.
The extract was centrifuged at 3000 rpm for 10 minutes
to separate solids from the supernatant. A 5 mL portion
of the supernatant was then dried, and the residue was
weighed to determine the total solids content. This step
was intended to estimate the dry extract concentration
and to calculate flavonoid content relative to dry weight.
Bansal et al. (2015) confirmed the accuracy of quercetin
calibration curves for measuring total flavonoid content.

Flavonoid analysis was performed by taking 0.5 mL
of the supernatant and mixing it with the same reagents
used in the standard preparation: 0.1 mL of 10% AICls,
0.1 mL of 1 M potassium acetate, 1.5 mL of ethanol, and
2.8 mL of distilled water. The solution was homogenized
and incubated for 30 minutes at room temperature.
Absorbance was then measured at 435 nm using the UV-
Vis spectrophotometer. Sharma et al. (2015) also used
UV- Vis spectrophotometry effectively in evaluating
flavonoids in herbal extracts.

The flavonoid concentration in the samples was
determined by comparing the absorbance values to the
standard curve. The final results were expressed as
milligrams of quercetin equivalents (QE) per 100 grams
of extract. Hasanah et al. (2021) highlighted Tinospora
crispa as a traditional remedy containing bioactive
flavonoid compounds.
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Result and Discussion

The extraction of brotowali stems (Tinospora
crispa) was carried out using the decoction method,
which involves boiling 100 grams of plant stems in 1000
mL of distilled water until the volume is reduced to
approximately 500 mL. The resulting extract is cloudy
yellow in color, as shown in Figure 1, indicating the
presence of water-soluble phytochemical compounds,
including flavonoids. Before boiling, the brotowali stems
are cut into pieces approximately 2- 3 cm in length and
1-2 cm in diameter (Figure 2) to increase the surface area
and maximize extraction efficiency. Purnamasari et al.
(2022) used similar spectrophotometric analysis on other
Indonesian herbal species with comparable results.

Figure 1. Brotowali extract

The brotowali plants used were obtained from
Depok, Sleman Regency, Special Region of Yogyakarta.
Although this study did not compare flavonoid levels
between geographical locations, it is important to note
that environmental factors such as soil, rainfall,
temperature, and light intensity can affect the content of
secondary metabolites such as flavonoids. Therefore,
information on the location of sample collection is
provided as background information to support the

Table 1. Total Flavonoid Content of Brotowali Stem
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repeatability of the study. Afriana et al. (2016)

demonstrated the benefit of integrating chemical
experiments to strengthen conceptual understanding.

igure 2. Small pieces of Brotowali stems

Widyastuti (2010) found a positive correlation
between total flavonoid content and antioxidant
capacity in several local plants.

The determination of total flavonoid content was
performed using the aluminum chloride (AICL)
colorimetric  method combined with UV-Vis
spectrophotometry. This method was chosen because it
is specific to flavonoids that have aromatic hydroxyl
groups. The reaction between flavonoids and AICIs
forms a yellow complex that shows maximum
absorption at a wavelength of 435 nm. The principle of
operation of the UV-Vis spectrophotometer is based on
measuring the intensity of light before (Io) and after (I)
passing through the sample. Transmittance is calculated
using the formula T = I/Io, and absorbance is obtained
through A = -logio(T).

Flavonoid content was measured by comparing the
absorbance value of the sample to a quercetin standard
solution. The total flavonoid content in two brotowali
extract samples is shown in Table 1.

Sample Absorbance Concentration Weight of extract Vad (L) FP mg g mg % Flavonoid
(mg/L) (8) QE QE/g QE/100g

Brotowali 0.206 4.066 0.005 0.005 1 0.020 0.00407 4.066 0.407

Extract 0.205 4.043 0.005 0.005 1 0.020 0.00404 4.043 0.404

0.205 4.043 0.005 0.005 1 0.020 0.00404 4.043 0.404

The absorbance values for the two samples were
0.206 and 0.205. Based on the quercetin standard curve,
the flavonoid concentrations obtained were 4.066 mg/L
and 4.043 mg/L. The calculations were performed using
the linear regression equation from the calibration:

x = (A-0.034) / 0.0423

Where A is the absorbance of the sample. The
concentration results (in mg/L) were then multiplied by
the volume of the solution (0.005 L), divided by the dry
weight of the extract (0.005 g), and multiplied by 100 to
obtain the final unit of mg QE/100 g of extract.
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For comparison, standard quercetin solutions were
prepared at concentrations of 0, 6, 8, 10, 12, and 14 ppm.
The absorbance of each concentration was measured
after reaction with AICl; and potassium acetate. The
values are presented in Table 2.

Table 2. Absorbance Values of Quercetin Standard
Solutions

Concentration (ppm) Absorbanc
0 0.0
6 0.27
8 0.37
10 0.44
12 0.55
14 0.62

From the data, a calibration curve for quercetin was
created (Figure 3), showing a linear relationship
between concentration and absorbance. The regression
equation obtained is:

y =0.0423x + 0.034 with R? = 0.9974

The R? value is close to 1, indicating that the data
fits the regression line very well. However, the intercept
on the Y-axis of 0.034 (not 0) requires attention. This
suggests the possibility of initial absorbance from the
blank or the influence of other compounds in the solvent
that absorb at the same wavelength. Nevertheless, this
value is still within the acceptable range for
spectrophotometric measurements.

0.7
0.6

Absorbance

v =0.0423x + 0.034
R =0.9974

5 10 15
Concentration (ppm)

Figure 3. Standard curve graph of quercetin as a comparison
standard solution

The results of the study indicate that brotowali
extract has relatively stable and consistent flavonoid
levels across samples. The range of levels from 404.255
to 406.619 mg QE/100 g of extract shows that the
extraction and analysis methods wused produce
reproducible data. These results also support previous
literature stating that Tinospora crispa contains active
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flavonoid compounds with potential as natural
antioxidants. Additionally, the UV-Vis
spectrophotometry method has proven to be effective,
sensitive, and economical, making it highly suitable for
phytochemical analysis in educational laboratories or
advanced research settings.

Conclusion

Based on the results obtained, it can be concluded
that the brotowali (Tinospora crispa) stem extract
contains total flavonoid levels ranging from 0.404% to
0.407%, equivalent to 4.043 mg/L to 4.066 mg/L of
quercetin equivalent (QE), as measured using the AICls
colorimetric method and UV-Vis spectrophotometry at
435 nm. While this indicates relatively consistent
measurement values, the levels observed can be
categorized as moderate when compared to other herbal
plants reported in previous studies. However, this
consistency primarily reflects the precision of the
measurement method rather than confirming the
extract’s stability across different batches or storage
conditions. This study also highlights the applicability of
the AICls colorimetric method as a practical technique
for estimating total flavonoid content. Nevertheless,
potential limitations include the inability to distinguish
individual flavonoid compounds and possible
interference from other constituents in the extract.
Future research is recommended to identify the specific
flavonoids present in Tinospora crispa, explore their
biological activity, and investigate factors influencing
flavonoid stability under various storage or processing
conditions. Such studies would contribute to a more
comprehensive evaluation of brotowali’s potential in the
development of herbal or functional food products.
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