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Abstract: Phenolics are compounds that have a hydroxyl (OH) group 
attached to an aromatic ring, and are known for various health benefits such 

as antioxidant, antimicrobial, and anti-inflammatory properties. This study 
aims to measure the total phenolic content and characterize the functional 
groups in Tinospora crispa stem extract using a decoction method, as well as 

evaluate its potential as a source of bioactive compounds. Extraction was 
performed by boiling dried Tinospora crispa stems in water. Total phenolic 
content was quantified using UV-Vis spectrophotometry (λ = 765 nm) via 

the Folin-Ciocalteu reaction, with a gallic acid calibration curve (R² = 0.998). 
Functional group analysis was conducted using FTIR (4000–400 cm⁻¹). The 
extract showed high phenolic content (384.909 mg GAE/g), supported by 

the identification of characteristic functional groups such as O-H (3255.55 
cm⁻¹), C=C (2121.59 cm⁻¹), and C-O (1261.45 cm⁻¹) in the FTIR spectrum. 

These groups are associated with the presence of bioactive compounds such 
as phenolics. Therefore, Tinospora crispa has potential as a source of phenolic 
compounds, one of which can be obtained using the decoction method. 

 
Keywords: Decoction; FTIR; Phenolic; Tinospora crispa; UV-Vis 

  

 

Introduction  
 

Tinospora crispa is a medicinal plant native to Africa 
and Southeast Asia that has long been used in various 
traditional medicine systems, including Ayurveda, 
Traditional Chinese Medicine (TCM), and Thai herbal 
formulas such as Tri-Yannarose (Zhang et al., 2018; 
Llamasares-Castillo et al., 2024; Sanpinit et al., 2023). In 
Indonesia, particularly in Bengkulu, this plant is one of 
the most highly valued herbs based on usage frequency 
and community loyalty (Susanti et al., 2024). The 
therapeutic potential of Tinospora crispa is supported by 
its diverse phytochemical content; at least 167 
compounds from 12 chemical categories—including 
alkaloids, flavonoids, terpenoids, and phenolic 
compounds—have been successfully isolated from 

various parts of this plant (Haque et al., 2022; AP et al., 
2023). 

Among these bioactive compounds, phenolic 
compounds are of particular interest due to their role as 
antioxidants and anticancer agents (Chroho et al., 2022; 
Suparno et al., 2024). The antioxidant activity of phenolic 
compounds is closely related to their chemical structure 
(Pérez et al., 2023). In the context of T. crispa, this 
information can help identify specific phenolic 
compounds that contribute to anti-inflammatory 
activity, such as flavonoids and phenolic acids. Phenolic 
compounds, which contain hydroxyl groups (-OH) 
bound to aromatic rings, are key components in the 
plant's defense mechanism against oxidative stress and 
pathogens. A study by Ibrahim et al. (2011) showed that 
Tinospora crispa methanol extract contains high phenolic 
content (255.33 ± 10.79 mg GAE/g), which correlates 
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with cytotoxic activity against cancer cells. Although 
extraction methods also influence the biological activity 
of an extract (Rosidah et al., 2015), extraction methods 
using organic solvents such as methanol have 
limitations in large-scale applications due to toxicity and 
cost factors (Warsinah et al., 2020). Therefore, there is a 
need for the development of a simpler, safer, and more 
effective extraction method. One method that can be 
used is the decoction (boiling) method, especially 
considering that the traditional use of this plant is often 
in the form of a decoction (Shah et al., 2021). 

Decoction has been shown to improve the 
solubilization of bioactive compounds compared to 
maceration, resulting in extracts with higher active 
compound content (Hidayat & Wulandari, 2021). Herbal 
decoction can reduce the negative effects of a high-
calorie diet, including insulin resistance and fat 
accumulation in the liver (Castellanos-Jiménez et al., 
2022). This opens up opportunities to apply a similar 
approach to Tinospora crispa, given its use in traditional 
medicine for metabolic conditions. However, 
comprehensive characterization of the phytochemical 
profile of Tinospora crispa decoction extracts, particularly 
for phenolic compounds, remains limited (Li et al., 2010). 
To address this gap, this study combines two analytical 
techniques: UV-Vis spectroscopy with the Folin-
Ciocalteu reagent and FTIR (Fourier Transform Infrared 
Spectroscopy). 

UV-Vis analysis was used in this study for two main 
purposes: to identify the presence of phenolic 
compounds through specific absorption patterns, and to 
quantify the total phenolic content using the Folin-
Ciocalteu reagent (Ainsworth & Gillespie, 2007; Bastola 
et al., 2017; Song et al., 2010). Previous studies have 
shown that Tinospora crispa extract has absorption peaks 
at 326 nm and 408 nm, which correspond to the 
characteristics of phenolic compounds such as 
hydroxycinnamic acid and flavonoid derivatives 
(Karpagasundari & Kulothungan, 2014). However, the 
limitations of UV-Vis in identifying specific compounds 
(due to overlapping absorption peaks) are overcome by 
combining FTIR for functional group analysis, as well as 
validation using phenolic standards such as gallic acid 
through calibration curves. 

FTIR (Fourier Transform Infrared Spectroscopy) 
analysis is an analytical technique used to identify 
organic materials, polymers, and in some cases, 
inorganic materials. The FTIR analysis method uses 
infrared light to scan test samples and observe their 
chemical properties (RTI laboratories, 2016; Joshi et al., 
2021). The test results will provide specific data on 
biomolecules from two other plant species, as well as 
how certain peaks in the FTIR spectrum can indicate the 
presence of various functional groups that are important 
in the context of phytochemistry (Apriandanu & Yulizar, 

2017; Meena & Johri, 2023). FTIR analysis in this study is 
focused on identifying characteristic functional groups 
of phenolic compounds in Tinospora crispa stem extracts. 
FTIR technology can detect molecular vibrations from 
functional groups such as phenolic -OH (3200-3600 
cm⁻¹), carboxylic acid C=O (1700-1725 cm⁻¹), and 
aromatic rings (1450–1600 cm⁻¹), which are important 
markers of phenolic compounds (Silverstein et al., 2014; 
Rahman et al., 2020). 

The combination of the two tests not only validates 
the presence of phenolic compounds but also provides 
more in-depth structural information than previous 
studies that relied solely on quantitative tests. This 
opens up opportunities for exploring other bioactive 
compounds through FTIR analysis. Therefore, the 
results of this study are expected to strengthen the 
scientific basis for the use of Tinospora crispa in 
traditional medicine. Additionally, it can provide a more 
practical extraction method for the development of 
herbal products. 
 

Method 
 
Sample Preparation  

The sample used in this study is a sample of 
Tinospora crispa extract, extracted by the decoction 
method. 100 grams of Tinospora crispa stems are cut into 
smaller parts approximately 2-3 cm with a diameter of 
about 1-2 cm. 100 grams of Tinospora crispa are boiled in 
water with a volume of 1000 ml. The ingredients are 
boiled until the water is reduced to half the initial 
volume of 500 ml. The resulting extract will be cloudy 
brown. Figure 1 shows Tinospora crispa collected from 
Bantul Regency, Special Region of Yogyakarta, 
Indonesia. The resulting extract will be separated into 2 
samples, 30 ml for the UV-Vis spectrophotometer test 
and the other 30 ml will be used for the FTIR test. The 
picture below shows stem of Tinaspora crispra that used 
in this study 
 

  
 

Figure 1. Tinospora crispa 
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Determination of Phenolic Concentrations 
The concentration of Tinospora crispa was 

determined using the Folin–Ciocalteu method. Initially, 
the sample was centrifuged for 10 minutes. Then, 5 mL 
of the supernatant was taken and placed in a drying 
device to determine the total solid content of the sample. 
Once dried and converted to solid form, the sample was 
weighed to determine its mass. The remaining 
supernatant was used to prepare various concentrations 
through dilution. The dilution process followed the 
formula, V1 = (C2V2)/C1, where V1 is the required 
volume of S2 Stock, C1 is the concentration of S2 stock, C2 
is the target concentration, V2 is the target volume. For 
the Folin–Ciocalteu reaction, 0.2 mL of Folin–Ciocalteu 
reagent and 3.16 mL of distilled water were mixed with 
0.04 mL of each standard sample. This mixture was left 
to stand for 8 minutes, after which 0.6 mL of 10% sodium 
carbonate (Na₂CO₃) solution was added. In this study, 
the concentrations prepared were 200 ppm, 400 ppm, 
600 ppm, and 800 ppm. A calibration curve, as shown in 
the Table 1, was generated based on these 
concentrations. 
 

Table 1. Variation of concentration 
Concentration (ppm) Absorbance 

0 0.033 

200 0.292 

400 0.486 

600 0.741 

800 0.881 

 

Result and Discussion 
 

Total Phenolic Content 
UV-Vis analysis was performed using the Folin-

Ciocalteu technique. Phenolic concentration was 
determined by first creating a calibration curve 
(Delgado, 2022). Absorbance readings were measured at 
a wavelength of 765 nm using a UV-Vis 
spectrophotometer (Zugazua-Ganado et al., 2024). 

 
Figure 2. Standard quercetin curve 

 

Figure 2 shows the linearity (R²) of the standard 
curve for gallic acid, namely Y = 0.0011 X + 0.0576. X 

represents the concentration of diluted phenolic 
compounds, calculated using the equation X = 
CVDF/m, where C denotes the phenolic concentration 
in the diluted sample, m is the sample mass, and DF is 
the dilution factor. Absorbance measurements were 
performed at a wavelength of 765 nm using a UV-Vis 
spectrophotometer. 
 

Table 2. Total of phenolic 
Sample Absorbance V (L) mg GAE mg GAE/g 

Tinospora c. 0.481 0.005 1.925 384.909 
 

Column 2 in Table 1 shows the absorbance values of 
the diluted phenolic extract, while column 3 shows the 
volume used for the 0.005 liter sample. Column 4 shows 
the total phenolic content in 0.005 L of extract. Column 5 
shows that the total concentration of phenolic 
compounds in milligrams per gram of sample is 384.909 
mg GAE/g. With this high phenolic concentration, 
Tinospora crispa has the potential as an alternative for 
producing high activity for phenolic content (Nguyen et 
al., 2020). 
 
FTIR Analysis 

Figure 3 is the result of the Fourier Transform 
Infrared Spectroscopy (FTIR) test on Tinospora crispa 
extract which provides important information about the 
chemical components contained in the sample. The 
spectrum was measured from 4000 cm-1 to 400 cm-1 with 
a total of 3601 data points. The peaks detected in the 
FTIR spectra indicate the presence of various functional 
groups along with transmission values (%T). 

Tables 3 and 4 are base 1 and base 2 tables that serve 
to determine the baseline. Baseline correction is a critical 
step in FTIR data processing to eliminate the influence 
of background noise. This is because FTIR signals are 
often distorted by disturbances such as scattering or 
solvent absorption. The area under the peak (peak area) 
is calculated relative to the baseline, not the horizontal 
axis. The baseline aids quantitative interpretation for 
spectrum normalization, enabling peak intensity 
comparisons between samples. The first row (Base 1) of 
the baseline starts at 4000 cm⁻¹ and ends at 3999 cm⁻¹. 
Base2 (continuation baseline) is connected to Base1. The 
first row of Base2, the baseline is in the region 2985.42–
2987.42 cm⁻¹ related to the peak at 3255.55 cm⁻¹. 

Figure 4 shows the FTIR spectrum indicating the 
area and height of each peak. The figure shows 
differences in the area of several peaks, which may 
indicate the number of functional groups contributing to 
absorption at that frequency. This may refer to high and 
low concentrations of functional groups. 

For example, a peak with a large area (such as the 
peak at 3255.55 cm-1 may indicate that the O-H group in 
the sample has a high concentration (Dai et al., 2023). 

y = 0,0011x + 0,0576
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Meanwhile, peaks with small areas, such as peak 10 with 
absorption at 839.15 cm-1, indicate that the functional 
group is likely not dominant due to low absorption 

intensity. Another possibility is that the small area 
originates from minor groups or weak signals. 

 
 

Figure 3. Peak absorption in the infrared spectrum 

 

 
 

Figure 4. FTIR spectrum on Tinospora crispa extract 

 
Phenolic compounds are known to have potential. 

Table 5 shows a peak around 3255.55 cm-1 with a 
transmittance of 58.38%, indicating the presence of a 
hydroxyl group (OH), which is commonly found in 
phenolic compounds and alcohols (Kamacı & Kaya, 
2014). Further activity testing is required to confirm its 
biological effects. At the peak of 2936.2 cm-1 with a 
transmittance of 73.93%, it indicates the possibility of C-
H bonds associated with aromatic compounds that have 
bioactive potential, as shown in previous studies (Paśko 

et al., 2024). At the peak of 2121.59 cm-1 with a 
transmittance of 97.35%, it indicates C=C stretching, 
commonly found in unsaturated compounds such as 
terpenoids or alkenes. Compounds with C=C bonds 
have been reported to have anti-inflammatory activity in 
other studies (Aryasa & Sugianta, 2023; Paśko et al., 
2024). Furthermore, at the peak of 1577.71 cm-1 with a 
transmittance of 57.39%, it indicates the presence of an 
aromatic structure, namely bioactive compounds such 
as flavonoids (Rahayu et al., 2023). At the peak of 1402.32 
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cm⁻¹ with a transmittance of 68.26%, there are no related 
studies that explain this peak in detail, but it may 
indicate the presence of symmetric COO⁻ stretching in 
samples containing carboxylic acid salts or as CH₃ 
deformation if there are methyl groups in the molecular 
structure (Sulastri et al., 2018). Confirmation of its 
biological activity requires further in vitro/in vivo 
testing. At the peak of 1261.45 cm⁻¹ with a transmittance 
of 85.04%, it indicates the presence of C-O groups 
commonly found in glycoside and alkaloid compounds 
(Costa et al., 2016). This compound has potential 
pharmacological effects. At the peak of 1054.61 cm-1 with 
a transmittance of 52.61%, it indicates the presence of C-
O-C compounds attributed to C–O–C stretching 
vibrations, which are part of the saponin structure (Rai 
et al., 2023; Ismail et al., 2022). At the peak of 867.86 cm-

1 with a transmittance of 95.82%, the peak of 777.46 cm-1 
with a transmittance of 91.30%, and 615.33 cm-1 with a 
transmittance of 83.13%, the peak positions in this range 
can provide information about the substitution pattern 
in the aromatic ring (McMurry, 2023; Tully, 2024). The 
final peak at 519.19 cm-1 with a transmittance of 82.02% 
indicates the presence of minerals or other elements that 
require further analysis using techniques such as 
electron microscopy. 
 
Table 3. Initial baseline 
Peak 

Number 
Start End Base1 

Base1 

Left 

Base1 

Right 

1 4000 2986.42 4000 4000 3999 

2 2986.42 2160.48 2986.42 2987.42 2985.42 

3 2160.48 1977.28 2160.48 2161.48 2159.48 

4 1977.28 1487.06 1977.28 1978.28 1976.28 

5 1487.06 1286.44 1487.06 1488.06 1488.06 

6 1286.44 1187.6 1286.44 1287.44 1285.44 

7 1187.6 898.46 1187.6 1188.6 1186.6 

8 898.46 839.15 898.46 899.46 897.46 

9 839.15 801.55 839.15 840.15 838.15 

10 801.55 748.96 801.55 802.55 800.55 

11 748.96 564.35 748.96 749.96 747.96 

12 564.35 400 564.35 565.35 563.35 

 
Table 4. Advanced baseline 
Peak 
Number 

Start End Base2 
Base2 

Left 
Base2 
Right 

1 4000 2986.42 2986.42 2987.42 2985.42 

2 2986.42 2160.48 2160.48 2161.48 2159.48 

3 2160.48 1977.28 1977.28 1978.28 1976.28 

4 1977.28 1487.06 1487.06 1488.06 1486.06 

5 1487.06 1286.44 1286.44 1287.44 1285.44 

6 1286.44 1187.6 1187.6 1188.6 1186.6 

7 1187.6 898.46 898.46 899.46 897.46 

8 898.46 839.15 839.15 840.15 838.15 

9 839.15 801.55 801.55 802.55 800.55 

10 801.55 748.96 748.96 749.96 747.96 

11 748.96 564.35 564.35 565.35 563.35 

12 564.35 400 400 401 400 

Table 5. Peak table result 

Peak Number X (cm-1) Y (%T) 

1 3255.55 58.38  

2 2936.21 73.93 

3 2121.59 97.35  

4 1577.71 57.39 

5 1402.32 68.26 

6 1261.45 85.04 

7 1054.61 52.61  

8 867.86 95.56  

9 817.29  95.82  

10 777.46   91.30 

11 615.33 83.13 

12 519.19 82.02 

 

Conclusion 
 

This study shows that Tinospora crispa extract 
contains significant amounts of phenolic compounds, as 
quantified by UV-Vis analysis at 384.909 mg GAE/g, 
indicating its potential as a source of bioactive 
compounds. The FTIR spectrum shows characteristic 
functional groups such as O-H at 3255.55 cm⁻¹, C=C at 
2121.59 cm⁻¹, and C-O at 1261.45 cm⁻¹, consistent with 
the phytochemical profile of phenolic-rich plants. 
However, further bioactivity tests, such as the DPPH 
assay for antioxidants or cytotoxicity assays for 
anticancer potential, are needed to support the presence 
of therapeutic activity. These findings support further 
research on Tinospora crispa for pharmaceutical or 
nutraceutical applications, particularly in optimizing 
extraction and isolation methods for active compounds. 
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