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ABSTRACT

Herbal teas are widely consumed for their health benefits. In this study, the phenolic content and 
antioxidant capacity of six commercially available banaba (Lagerstroemia speciosa) and sambong 
(Blumea balsamifera) herbal teas were analyzed. The antioxidant activity was measured using 
DPPH and ABTS assays, with L. speciosa teas exhibiting higher activity than B. balsamifera teas. 
The phenolic content was determined using the Folin-Ciocalteu method and showed a direct correla-
tion with antioxidant activity. The market prices based on unit phenolic content and antioxidant 
activity varied widely with different brands sold online indicating the need for better quality control 
of the teas analyzed.
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Introduction

Herbal teas have been used for centuries for their poten-
tial health benefits, with their use traced back to ancient 
civilizations such as China and India. Herbal tea looks 
like regular tea and is brewed the same way, however, it 
is generally not considered as such because it does 
contain caffeine and is not from Camellia sinensis. 
Despite its popularity, interest remains in the use of 
herbal tea for health promotion and disease prevention. 
The scoping review by Poswal et al. (2019) discussed the 
range of potential health benefits from different types of 
herbal teas, such as green tea which is associated with 
reducing the risk of cardiovascular diseases and some 
cancers; as well as chamomile tea in alleviating anxiety 

and improving sleep quality.  Moreover, herbal teas offer 
a multitude of health benefits that result from the 
intricate interplay of molecular pathways. For instance, 
green tea polyphenols, particularly the catechins, exhibit 
antioxidant properties by scavenging free radicals and 
reducing oxidative stress. These compounds have been 
demonstrated to influence cell proliferation and differentia-
tion by modulating gene expression and various pathways 
in inflammation and apoptosis. The modulation by green tea 
components of some of cellular pathways, i.e., NF-B, JNK, 
p38 MAPK, Wnt/β-catenin, and PI3K/Akt, are known to 
play crucial roles in mediating these health benefits (Musial 
et al. 2020).

Banaba (L. speciosa), as is called in the Filipino language, is 
a deciduous tree native to tropical countries, such as the 
Philippines, Vietnam, Malaysia, and China. Its leaves are 
more popularly regarded as a tonic for treating diabetes 
among the locals (Deocaris et al. 2005). Corosolic acid (2
α-hydroxyursolic acid) is the most well-known compound 
found in L. speciosa shown to have anti-diabetic properties 
(Sivakumar et al. 2009). Due to its insulin-like properties, 
various patents/utility models for food supplements contain-
ing L. speciosa have been filed (Giampapa, 2006; Gyu and 
Sun, 2017; Noboru et al. 1994). L. speciosa has also been 
reported to have anti-inflammatory and antioxidant effects, 
which can help prevent chronic diseases such as cancer, 
cardiovascular disease, and Alzheimer’s disease (Klein et al. 
2007; Tripathi et al. 2021). L. speciosa has also been found to 
have potential anti-obesity effects by decreasing lipid 
accumulation and adipocyte differentiation and by inhibiting 
adipogenesis and lipogenesis (Karsono et al. 2019). With 
these arrays of benefits and the added cost of extracting the 
natural products from L. speciosa, the wholesale price of 
corosolic acid is prohibitive costing more than $43 per 
milligram.

We studied another popular herbal tea, sambong (B. balsam-
ifera), a perennial herb widely distributed in India, Pakistan, 
Burma, Indo-China Peninsula, Malaysia, Indonesia, and the 
Philippines. It is also known as ainaxiang (China), sembung 
(Malaysia), sambong (Philippines), and naat (Thailand). In 
Asian traditional medicine, B. balsamifera is used for the 
treatment of urinary tract infections, kidney stones, and 
hypertension (Pang et al. 2014). From the recent review by 
Wang et al. (2023), B. balsamifera has more than 150 volatile 
or non-volatile constituents, including monoterpenes, sesqui-
terpenes, diterpenes, flavonoids, organic acids, esters, 
alcohols, dihydroflavone and sterols. Its two main phyto-
chemicals are L-borneol and oleum which are the main 
components of many Chinese medicines such as Yinlishuang 
pills, Yankang tablets, Jinhoujian Spray and Xinwei Zhitong. 
B. balsamifera extracts have various pharmacological activi-
ties including antioxidant, antibacterial, antitumor, hepato-
protective, anti-inflammatory, analgesic, and wound healing 
promotion. 

In general, herbal teas can provide health benefits for the 
general population at a lower cost than regular food supple-
ments. However, to our knowledge, there are no published 
reports that assess their cost-effectiveness based on antioxi-
dant activities that can inform consumers of the potential 
health benefits. Thus, our present study assessed the phenolic 
and antioxidant activities of selected commercial brands of B. 
balsamifera and L. speciosa sold online in the Philippines. 
We found that polyphenols are the main antioxidant constitu-

ents of L. speciosa and B. balsamifera and their functional 
activities, i.e., the level of phenolics and antioxidant property, 
are not associated with the selling price.

Materials and methods 

Reagents and materials

The chemicals used in this study were purchased from 
various sources. Folin-Ciocalteu phenol reagent, anhydrous 
sodium carbonate, 2,2-diphenyl-1-bicrylhydrazyl, 2,2′-azi-
no-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium 
salt, potassium persulfate, and methanol were obtained from 
Sigma Aldrich (St. Louis, MO). The ethanol solvent, 
composed of 90% ethanol with 5% methanol and 5% isopro-
pyl alcohol, was sourced from Fisher Chemical (Waltham, 
MA). Gallic acid was procured from Acros Organics (Geel, 
Belgium). Commercial herbal tea samples were purchased 
from online marketplaces in the Philippines. Market prices 
were noted (Table I).

Sample Extraction

The tea samples were prepared by dipping the tea bags into 
200 ml of freshly boiled water for 5 minutes. The resulting 
tea infusion was then cooled and assayed for phenol content 
and antioxidant activity using DPPH and ABTS assays. The 
samples were blinded prior to analysis to ensure unbiased 
results.

Phenolic content

The phenolic content of the tea infusions was determined 
using the Folin-Ciocalteu assay (Charland et al. 2021). A 
10% concentration of the Folin-Ciocalteu reagent and 1.0 M 
Na2CO3 were prepared. In a 96-well microplate, 20 ml of 
each tea infusion was mixed with 100 ml of the Folin-Ciocal-

teu reagent and incubated for 4 minutes. After incubation, 
100 ml of 1 M Na2CO3 was added. The absorbance was 
measured at 645 nm after 2 hours of incubation in the dark. 
Distilled water was used as a negative control, while gallic 
acid served as both the positive control and the standard for 
generating a calibration curve to express the total phenolic 
content (TPC) in mg/ml gallic acid equivalents (GAE).

Antioxidant activities

The antioxidant activities of each tea infusion extract were 
determined using DPPH and ABTS assays (Vinci et al. 
2022). Both assays were performed on a 96-well microplate 
using serial dilutions of the tea infusions mixed with the 
respective reagents. Each extract (0.1 g/ml) was diluted 
10-fold three times to give concentrations ranging from 0.01 
to 1 x 10-4 g/ml. Gallic acid (2.5-100.0 ug/ml) was used as a 
standard. For the DPPH assay, 10 ml of the extract or 
standard was mixed with 200 µl of 0.2 mM DPPH. After 30 
minutes, the absorbance at 519 nm was measured. The 
antioxidant activity was calculated using the given formula 
below, and IC50 values were derived to express the antioxi-
dant activity.

The ABTS radical cation was prepared by mixing ABTS and 
potassium persulfate in a 1:1 ratio 18 hours before use. On a 
96-well plate, 200 µl of the mixed ABTS radical reagent was 
added to different volumes of tea extracts (10, 5, 2 and 1 µl). 
Water was used as a negative control. The samples were 
incubated at room temperature for 10 minutes in the dark, and 

the absorbance was measured at 750 nm. The ABTS assay 
was performed in triplicate. The antioxidant activity was 
expressed as an IC50 (mg/ml), the half-maximal inhibition 
concentration. The IC50 value was generated by plotting the 
measured absorbance of the different volumes of tea extracts 
using their specific concentrations, based on the mass of tea 
materials divided by the initial volume. This plot generates a 
sigmoidal curve, from which the point of 50% effectiveness 
can be determined using the logarithmic equation. All absor-
bance readings were obtained using a Biotek Cytation 5 
Image Reader. Both assays were replicated at least three 
times.

Statistical analysis

Experimental data (phenolic content and IC50 values from 
DPPH and ABTS assays) from the tea samples were analyzed 
using student's ANOVA with Tukey’s Test (p < 0.05) to 
compare their differences. 

Results and discussion

This study aims to determine the phenolic content and antiox-
idant capacity of the widely marketed herbal teas derived 
from L. speciosa and B. balsamifera in the Philippines and 
analyze their respective cost-effectiveness. As shown in 
Table II, our analyses indicate that L. speciosa tea samples 
(range: 60.61 - 530.16 mg gallic acid/g) generally displayed 
a higher phenolic content than B. balsamifera tea samples 
(range: 50.69 - 115.16 mg gallic acid/g). The values observed 
in L. speciosa leaves is within the range reported for ethano-
lic extract of L. speciosa petals (446 mg gallic/g) as reported 

by Tiwary et al. (2017) and higher than the 9.63 µg gallic 
acid/g reported by Junaid et al. (2012) for methanolic seed 
extracts. In addition to this, L. speciosa teas consistently 
showed lower IC50 values than B. balsamifera teas based on 
DPPH and ABTS assays. This is indicative of a strong 
antioxidant activity of L. speciosa tea which can be directly 
connected to a higher phenolic content. Phenolic compounds 
are secondary metabolites that are widely distributed in plant 
sources, including herbal teas. Our study is consistent with 
results from some studies of herbal teas that exhibit an 
association between phenolic content and antioxidant 
activity. For instance, reported, that the phenolic content of 
different kinds of herbal teas have a positive relationship with 
their antioxidant activity. Similarly, observed that the phenolic 
content of herbal teas is related to their ability to scavenge 
free radicals.  According to Fazilatun et al. (2005), the 
antioxidant activity of B. balsamifera flavonoids is related to 
the number of hydroxyl groups, with flavonoids containing 
one free hydroxyl group having higher antioxidant activity 
than methylated ones. Hu et al. (2018) used a DPPH radical 
scavenging experiment to assess the high antioxidant activity 

of flavonoids in B. balsamifera leaves.

The capacity of phenolic and flavonoid compounds to trans-
fer hydrogen ions or electrons to free radicals and mitigate 
oxidative damage has been attributed to their antioxidant 
activity. The chemical structure of these compounds 
influences their antioxidant activity and dictates the capacity 
to scavenge different kinds of free radicals (Prior and Cao, 
2000).  The degree of antioxidative activity of functional 
food and tea for human health is significant since chronic 

illnesses, such as cardiovascular disease, cancer, and neuro-
logical disorders, are linked with oxidative stress (Liguori et 
al. 2018). Thus, the anti-oxidative constituents in herbal teas 
can help in the prevention, if not, management of disease risk 
by countering oxidative stressors.

Finally, our study evaluated the unit cost of the herbal teas in 
relation to their food functionality.  Based on our work, L. 
speciosa Brand 2 tea was found to be the most cost-effective 
source of phenolics and had highest levels of antioxidant, 
while B. balsamifera Brand 2 tea had the highest per unit cost 
relative to its phenolic and antioxidant activities (Figure 1). 
Our straightforward cost analysis emphasizes the need for a 
cost-benefit analysis to discover the best source of phenolics 
and antioxidants for therapeutic and health purposes. This is 
especially important in developing nations like the Philip-
pines, where herbal medicines are extensively utilized as 
alternative therapies due to their ease of availability and low 
cost.

Our work sheds light on the phenolic composition and 

antioxidant capacity of some herbal teas sold online in the 
Philippines. As a disclaimer, the limited sample size of six 
commercially available herbal teas is a major drawback of 
this study. To give a more thorough investigation of the 
phenolic content and antioxidant activity of herbal teas, 
future research could broaden both the sample size and plant 
species. Another limitation is the lack of information on 
geographic sourcing, processing, and storage methods by the 
manufacturers, which may affect the chemical composition 
of the tea batches analyzed.  In addition, our study merely 

compared the cost-effectiveness of the herbal teas based on 
their phenolic content and antioxidant activity. Despite the 
limitations, our work highlights the economic feasibility of 
herbal medicine as an alternative treatment option in 
resource-constrained settings and provides as guide to 
consumers in making informed decisions in choosing their 
beverage options.
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Banaba (L. speciosa), as is called in the Filipino language, is 
a deciduous tree native to tropical countries, such as the 
Philippines, Vietnam, Malaysia, and China. Its leaves are 
more popularly regarded as a tonic for treating diabetes 
among the locals (Deocaris et al. 2005). Corosolic acid (2
α-hydroxyursolic acid) is the most well-known compound 
found in L. speciosa shown to have anti-diabetic properties 
(Sivakumar et al. 2009). Due to its insulin-like properties, 
various patents/utility models for food supplements contain-
ing L. speciosa have been filed (Giampapa, 2006; Gyu and 
Sun, 2017; Noboru et al. 1994). L. speciosa has also been 
reported to have anti-inflammatory and antioxidant effects, 
which can help prevent chronic diseases such as cancer, 
cardiovascular disease, and Alzheimer’s disease (Klein et al. 
2007; Tripathi et al. 2021). L. speciosa has also been found to 
have potential anti-obesity effects by decreasing lipid 
accumulation and adipocyte differentiation and by inhibiting 
adipogenesis and lipogenesis (Karsono et al. 2019). With 
these arrays of benefits and the added cost of extracting the 
natural products from L. speciosa, the wholesale price of 
corosolic acid is prohibitive costing more than $43 per 
milligram.

We studied another popular herbal tea, sambong (B. balsam-
ifera), a perennial herb widely distributed in India, Pakistan, 
Burma, Indo-China Peninsula, Malaysia, Indonesia, and the 
Philippines. It is also known as ainaxiang (China), sembung 
(Malaysia), sambong (Philippines), and naat (Thailand). In 
Asian traditional medicine, B. balsamifera is used for the 
treatment of urinary tract infections, kidney stones, and 
hypertension (Pang et al. 2014). From the recent review by 
Wang et al. (2023), B. balsamifera has more than 150 volatile 
or non-volatile constituents, including monoterpenes, sesqui-
terpenes, diterpenes, flavonoids, organic acids, esters, 
alcohols, dihydroflavone and sterols. Its two main phyto-
chemicals are L-borneol and oleum which are the main 
components of many Chinese medicines such as Yinlishuang 
pills, Yankang tablets, Jinhoujian Spray and Xinwei Zhitong. 
B. balsamifera extracts have various pharmacological activi-
ties including antioxidant, antibacterial, antitumor, hepato-
protective, anti-inflammatory, analgesic, and wound healing 
promotion. 

In general, herbal teas can provide health benefits for the 
general population at a lower cost than regular food supple-
ments. However, to our knowledge, there are no published 
reports that assess their cost-effectiveness based on antioxi-
dant activities that can inform consumers of the potential 
health benefits. Thus, our present study assessed the phenolic 
and antioxidant activities of selected commercial brands of B. 
balsamifera and L. speciosa sold online in the Philippines. 
We found that polyphenols are the main antioxidant constitu-

ents of L. speciosa and B. balsamifera and their functional 
activities, i.e., the level of phenolics and antioxidant property, 
are not associated with the selling price.

Materials and methods 

Reagents and materials

The chemicals used in this study were purchased from 
various sources. Folin-Ciocalteu phenol reagent, anhydrous 
sodium carbonate, 2,2-diphenyl-1-bicrylhydrazyl, 2,2′-azi-
no-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium 
salt, potassium persulfate, and methanol were obtained from 
Sigma Aldrich (St. Louis, MO). The ethanol solvent, 
composed of 90% ethanol with 5% methanol and 5% isopro-
pyl alcohol, was sourced from Fisher Chemical (Waltham, 
MA). Gallic acid was procured from Acros Organics (Geel, 
Belgium). Commercial herbal tea samples were purchased 
from online marketplaces in the Philippines. Market prices 
were noted (Table I).

Sample Extraction

The tea samples were prepared by dipping the tea bags into 
200 ml of freshly boiled water for 5 minutes. The resulting 
tea infusion was then cooled and assayed for phenol content 
and antioxidant activity using DPPH and ABTS assays. The 
samples were blinded prior to analysis to ensure unbiased 
results.

Phenolic content

The phenolic content of the tea infusions was determined 
using the Folin-Ciocalteu assay (Charland et al. 2021). A 
10% concentration of the Folin-Ciocalteu reagent and 1.0 M 
Na2CO3 were prepared. In a 96-well microplate, 20 ml of 
each tea infusion was mixed with 100 ml of the Folin-Ciocal-

teu reagent and incubated for 4 minutes. After incubation, 
100 ml of 1 M Na2CO3 was added. The absorbance was 
measured at 645 nm after 2 hours of incubation in the dark. 
Distilled water was used as a negative control, while gallic 
acid served as both the positive control and the standard for 
generating a calibration curve to express the total phenolic 
content (TPC) in mg/ml gallic acid equivalents (GAE).

Antioxidant activities

The antioxidant activities of each tea infusion extract were 
determined using DPPH and ABTS assays (Vinci et al. 
2022). Both assays were performed on a 96-well microplate 
using serial dilutions of the tea infusions mixed with the 
respective reagents. Each extract (0.1 g/ml) was diluted 
10-fold three times to give concentrations ranging from 0.01 
to 1 x 10-4 g/ml. Gallic acid (2.5-100.0 ug/ml) was used as a 
standard. For the DPPH assay, 10 ml of the extract or 
standard was mixed with 200 µl of 0.2 mM DPPH. After 30 
minutes, the absorbance at 519 nm was measured. The 
antioxidant activity was calculated using the given formula 
below, and IC50 values were derived to express the antioxi-
dant activity.

The ABTS radical cation was prepared by mixing ABTS and 
potassium persulfate in a 1:1 ratio 18 hours before use. On a 
96-well plate, 200 µl of the mixed ABTS radical reagent was 
added to different volumes of tea extracts (10, 5, 2 and 1 µl). 
Water was used as a negative control. The samples were 
incubated at room temperature for 10 minutes in the dark, and 

the absorbance was measured at 750 nm. The ABTS assay 
was performed in triplicate. The antioxidant activity was 
expressed as an IC50 (mg/ml), the half-maximal inhibition 
concentration. The IC50 value was generated by plotting the 
measured absorbance of the different volumes of tea extracts 
using their specific concentrations, based on the mass of tea 
materials divided by the initial volume. This plot generates a 
sigmoidal curve, from which the point of 50% effectiveness 
can be determined using the logarithmic equation. All absor-
bance readings were obtained using a Biotek Cytation 5 
Image Reader. Both assays were replicated at least three 
times.

Statistical analysis

Experimental data (phenolic content and IC50 values from 
DPPH and ABTS assays) from the tea samples were analyzed 
using student's ANOVA with Tukey’s Test (p < 0.05) to 
compare their differences. 

Results and discussion

This study aims to determine the phenolic content and antiox-
idant capacity of the widely marketed herbal teas derived 
from L. speciosa and B. balsamifera in the Philippines and 
analyze their respective cost-effectiveness. As shown in 
Table II, our analyses indicate that L. speciosa tea samples 
(range: 60.61 - 530.16 mg gallic acid/g) generally displayed 
a higher phenolic content than B. balsamifera tea samples 
(range: 50.69 - 115.16 mg gallic acid/g). The values observed 
in L. speciosa leaves is within the range reported for ethano-
lic extract of L. speciosa petals (446 mg gallic/g) as reported 

by Tiwary et al. (2017) and higher than the 9.63 µg gallic 
acid/g reported by Junaid et al. (2012) for methanolic seed 
extracts. In addition to this, L. speciosa teas consistently 
showed lower IC50 values than B. balsamifera teas based on 
DPPH and ABTS assays. This is indicative of a strong 
antioxidant activity of L. speciosa tea which can be directly 
connected to a higher phenolic content. Phenolic compounds 
are secondary metabolites that are widely distributed in plant 
sources, including herbal teas. Our study is consistent with 
results from some studies of herbal teas that exhibit an 
association between phenolic content and antioxidant 
activity. For instance, reported, that the phenolic content of 
different kinds of herbal teas have a positive relationship with 
their antioxidant activity. Similarly, observed that the phenolic 
content of herbal teas is related to their ability to scavenge 
free radicals.  According to Fazilatun et al. (2005), the 
antioxidant activity of B. balsamifera flavonoids is related to 
the number of hydroxyl groups, with flavonoids containing 
one free hydroxyl group having higher antioxidant activity 
than methylated ones. Hu et al. (2018) used a DPPH radical 
scavenging experiment to assess the high antioxidant activity 

of flavonoids in B. balsamifera leaves.

The capacity of phenolic and flavonoid compounds to trans-
fer hydrogen ions or electrons to free radicals and mitigate 
oxidative damage has been attributed to their antioxidant 
activity. The chemical structure of these compounds 
influences their antioxidant activity and dictates the capacity 
to scavenge different kinds of free radicals (Prior and Cao, 
2000).  The degree of antioxidative activity of functional 
food and tea for human health is significant since chronic 

illnesses, such as cardiovascular disease, cancer, and neuro-
logical disorders, are linked with oxidative stress (Liguori et 
al. 2018). Thus, the anti-oxidative constituents in herbal teas 
can help in the prevention, if not, management of disease risk 
by countering oxidative stressors.

Finally, our study evaluated the unit cost of the herbal teas in 
relation to their food functionality.  Based on our work, L. 
speciosa Brand 2 tea was found to be the most cost-effective 
source of phenolics and had highest levels of antioxidant, 
while B. balsamifera Brand 2 tea had the highest per unit cost 
relative to its phenolic and antioxidant activities (Figure 1). 
Our straightforward cost analysis emphasizes the need for a 
cost-benefit analysis to discover the best source of phenolics 
and antioxidants for therapeutic and health purposes. This is 
especially important in developing nations like the Philip-
pines, where herbal medicines are extensively utilized as 
alternative therapies due to their ease of availability and low 
cost.

Our work sheds light on the phenolic composition and 

antioxidant capacity of some herbal teas sold online in the 
Philippines. As a disclaimer, the limited sample size of six 
commercially available herbal teas is a major drawback of 
this study. To give a more thorough investigation of the 
phenolic content and antioxidant activity of herbal teas, 
future research could broaden both the sample size and plant 
species. Another limitation is the lack of information on 
geographic sourcing, processing, and storage methods by the 
manufacturers, which may affect the chemical composition 
of the tea batches analyzed.  In addition, our study merely 

compared the cost-effectiveness of the herbal teas based on 
their phenolic content and antioxidant activity. Despite the 
limitations, our work highlights the economic feasibility of 
herbal medicine as an alternative treatment option in 
resource-constrained settings and provides as guide to 
consumers in making informed decisions in choosing their 
beverage options.
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Table I. Sources of commercial herbal leaf tea samples

Brand  ID Market Price  
(USD per 2g)  

B1 0.106 
B2 0.128 
B3 0.085 
S1 0.125 
S2 0.456 
S3 0.128 

L. speciosa (B1-3) and B. balsamifera (S1-3) tea samples were purchased 
from online sellers in the Philippines. Market price was based on average 
price from online marketplaces in the Philippines. One tea bag is approxi-
mately two grams. The brand names are not shown.
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Banaba (L. speciosa), as is called in the Filipino language, is 
a deciduous tree native to tropical countries, such as the 
Philippines, Vietnam, Malaysia, and China. Its leaves are 
more popularly regarded as a tonic for treating diabetes 
among the locals (Deocaris et al. 2005). Corosolic acid (2
α-hydroxyursolic acid) is the most well-known compound 
found in L. speciosa shown to have anti-diabetic properties 
(Sivakumar et al. 2009). Due to its insulin-like properties, 
various patents/utility models for food supplements contain-
ing L. speciosa have been filed (Giampapa, 2006; Gyu and 
Sun, 2017; Noboru et al. 1994). L. speciosa has also been 
reported to have anti-inflammatory and antioxidant effects, 
which can help prevent chronic diseases such as cancer, 
cardiovascular disease, and Alzheimer’s disease (Klein et al. 
2007; Tripathi et al. 2021). L. speciosa has also been found to 
have potential anti-obesity effects by decreasing lipid 
accumulation and adipocyte differentiation and by inhibiting 
adipogenesis and lipogenesis (Karsono et al. 2019). With 
these arrays of benefits and the added cost of extracting the 
natural products from L. speciosa, the wholesale price of 
corosolic acid is prohibitive costing more than $43 per 
milligram.

We studied another popular herbal tea, sambong (B. balsam-
ifera), a perennial herb widely distributed in India, Pakistan, 
Burma, Indo-China Peninsula, Malaysia, Indonesia, and the 
Philippines. It is also known as ainaxiang (China), sembung 
(Malaysia), sambong (Philippines), and naat (Thailand). In 
Asian traditional medicine, B. balsamifera is used for the 
treatment of urinary tract infections, kidney stones, and 
hypertension (Pang et al. 2014). From the recent review by 
Wang et al. (2023), B. balsamifera has more than 150 volatile 
or non-volatile constituents, including monoterpenes, sesqui-
terpenes, diterpenes, flavonoids, organic acids, esters, 
alcohols, dihydroflavone and sterols. Its two main phyto-
chemicals are L-borneol and oleum which are the main 
components of many Chinese medicines such as Yinlishuang 
pills, Yankang tablets, Jinhoujian Spray and Xinwei Zhitong. 
B. balsamifera extracts have various pharmacological activi-
ties including antioxidant, antibacterial, antitumor, hepato-
protective, anti-inflammatory, analgesic, and wound healing 
promotion. 

In general, herbal teas can provide health benefits for the 
general population at a lower cost than regular food supple-
ments. However, to our knowledge, there are no published 
reports that assess their cost-effectiveness based on antioxi-
dant activities that can inform consumers of the potential 
health benefits. Thus, our present study assessed the phenolic 
and antioxidant activities of selected commercial brands of B. 
balsamifera and L. speciosa sold online in the Philippines. 
We found that polyphenols are the main antioxidant constitu-

ents of L. speciosa and B. balsamifera and their functional 
activities, i.e., the level of phenolics and antioxidant property, 
are not associated with the selling price.

Materials and methods 

Reagents and materials

The chemicals used in this study were purchased from 
various sources. Folin-Ciocalteu phenol reagent, anhydrous 
sodium carbonate, 2,2-diphenyl-1-bicrylhydrazyl, 2,2′-azi-
no-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium 
salt, potassium persulfate, and methanol were obtained from 
Sigma Aldrich (St. Louis, MO). The ethanol solvent, 
composed of 90% ethanol with 5% methanol and 5% isopro-
pyl alcohol, was sourced from Fisher Chemical (Waltham, 
MA). Gallic acid was procured from Acros Organics (Geel, 
Belgium). Commercial herbal tea samples were purchased 
from online marketplaces in the Philippines. Market prices 
were noted (Table I).

Sample Extraction

The tea samples were prepared by dipping the tea bags into 
200 ml of freshly boiled water for 5 minutes. The resulting 
tea infusion was then cooled and assayed for phenol content 
and antioxidant activity using DPPH and ABTS assays. The 
samples were blinded prior to analysis to ensure unbiased 
results.

Phenolic content

The phenolic content of the tea infusions was determined 
using the Folin-Ciocalteu assay (Charland et al. 2021). A 
10% concentration of the Folin-Ciocalteu reagent and 1.0 M 
Na2CO3 were prepared. In a 96-well microplate, 20 ml of 
each tea infusion was mixed with 100 ml of the Folin-Ciocal-

teu reagent and incubated for 4 minutes. After incubation, 
100 ml of 1 M Na2CO3 was added. The absorbance was 
measured at 645 nm after 2 hours of incubation in the dark. 
Distilled water was used as a negative control, while gallic 
acid served as both the positive control and the standard for 
generating a calibration curve to express the total phenolic 
content (TPC) in mg/ml gallic acid equivalents (GAE).

Antioxidant activities

The antioxidant activities of each tea infusion extract were 
determined using DPPH and ABTS assays (Vinci et al. 
2022). Both assays were performed on a 96-well microplate 
using serial dilutions of the tea infusions mixed with the 
respective reagents. Each extract (0.1 g/ml) was diluted 
10-fold three times to give concentrations ranging from 0.01 
to 1 x 10-4 g/ml. Gallic acid (2.5-100.0 ug/ml) was used as a 
standard. For the DPPH assay, 10 ml of the extract or 
standard was mixed with 200 µl of 0.2 mM DPPH. After 30 
minutes, the absorbance at 519 nm was measured. The 
antioxidant activity was calculated using the given formula 
below, and IC50 values were derived to express the antioxi-
dant activity.

The ABTS radical cation was prepared by mixing ABTS and 
potassium persulfate in a 1:1 ratio 18 hours before use. On a 
96-well plate, 200 µl of the mixed ABTS radical reagent was 
added to different volumes of tea extracts (10, 5, 2 and 1 µl). 
Water was used as a negative control. The samples were 
incubated at room temperature for 10 minutes in the dark, and 

the absorbance was measured at 750 nm. The ABTS assay 
was performed in triplicate. The antioxidant activity was 
expressed as an IC50 (mg/ml), the half-maximal inhibition 
concentration. The IC50 value was generated by plotting the 
measured absorbance of the different volumes of tea extracts 
using their specific concentrations, based on the mass of tea 
materials divided by the initial volume. This plot generates a 
sigmoidal curve, from which the point of 50% effectiveness 
can be determined using the logarithmic equation. All absor-
bance readings were obtained using a Biotek Cytation 5 
Image Reader. Both assays were replicated at least three 
times.

Statistical analysis

Experimental data (phenolic content and IC50 values from 
DPPH and ABTS assays) from the tea samples were analyzed 
using student's ANOVA with Tukey’s Test (p < 0.05) to 
compare their differences. 

Results and discussion

This study aims to determine the phenolic content and antiox-
idant capacity of the widely marketed herbal teas derived 
from L. speciosa and B. balsamifera in the Philippines and 
analyze their respective cost-effectiveness. As shown in 
Table II, our analyses indicate that L. speciosa tea samples 
(range: 60.61 - 530.16 mg gallic acid/g) generally displayed 
a higher phenolic content than B. balsamifera tea samples 
(range: 50.69 - 115.16 mg gallic acid/g). The values observed 
in L. speciosa leaves is within the range reported for ethano-
lic extract of L. speciosa petals (446 mg gallic/g) as reported 

by Tiwary et al. (2017) and higher than the 9.63 µg gallic 
acid/g reported by Junaid et al. (2012) for methanolic seed 
extracts. In addition to this, L. speciosa teas consistently 
showed lower IC50 values than B. balsamifera teas based on 
DPPH and ABTS assays. This is indicative of a strong 
antioxidant activity of L. speciosa tea which can be directly 
connected to a higher phenolic content. Phenolic compounds 
are secondary metabolites that are widely distributed in plant 
sources, including herbal teas. Our study is consistent with 
results from some studies of herbal teas that exhibit an 
association between phenolic content and antioxidant 
activity. For instance, reported, that the phenolic content of 
different kinds of herbal teas have a positive relationship with 
their antioxidant activity. Similarly, observed that the phenolic 
content of herbal teas is related to their ability to scavenge 
free radicals.  According to Fazilatun et al. (2005), the 
antioxidant activity of B. balsamifera flavonoids is related to 
the number of hydroxyl groups, with flavonoids containing 
one free hydroxyl group having higher antioxidant activity 
than methylated ones. Hu et al. (2018) used a DPPH radical 
scavenging experiment to assess the high antioxidant activity 

of flavonoids in B. balsamifera leaves.

The capacity of phenolic and flavonoid compounds to trans-
fer hydrogen ions or electrons to free radicals and mitigate 
oxidative damage has been attributed to their antioxidant 
activity. The chemical structure of these compounds 
influences their antioxidant activity and dictates the capacity 
to scavenge different kinds of free radicals (Prior and Cao, 
2000).  The degree of antioxidative activity of functional 
food and tea for human health is significant since chronic 

illnesses, such as cardiovascular disease, cancer, and neuro-
logical disorders, are linked with oxidative stress (Liguori et 
al. 2018). Thus, the anti-oxidative constituents in herbal teas 
can help in the prevention, if not, management of disease risk 
by countering oxidative stressors.

Finally, our study evaluated the unit cost of the herbal teas in 
relation to their food functionality.  Based on our work, L. 
speciosa Brand 2 tea was found to be the most cost-effective 
source of phenolics and had highest levels of antioxidant, 
while B. balsamifera Brand 2 tea had the highest per unit cost 
relative to its phenolic and antioxidant activities (Figure 1). 
Our straightforward cost analysis emphasizes the need for a 
cost-benefit analysis to discover the best source of phenolics 
and antioxidants for therapeutic and health purposes. This is 
especially important in developing nations like the Philip-
pines, where herbal medicines are extensively utilized as 
alternative therapies due to their ease of availability and low 
cost.

Our work sheds light on the phenolic composition and 

antioxidant capacity of some herbal teas sold online in the 
Philippines. As a disclaimer, the limited sample size of six 
commercially available herbal teas is a major drawback of 
this study. To give a more thorough investigation of the 
phenolic content and antioxidant activity of herbal teas, 
future research could broaden both the sample size and plant 
species. Another limitation is the lack of information on 
geographic sourcing, processing, and storage methods by the 
manufacturers, which may affect the chemical composition 
of the tea batches analyzed.  In addition, our study merely 

compared the cost-effectiveness of the herbal teas based on 
their phenolic content and antioxidant activity. Despite the 
limitations, our work highlights the economic feasibility of 
herbal medicine as an alternative treatment option in 
resource-constrained settings and provides as guide to 
consumers in making informed decisions in choosing their 
beverage options.

Acknowledgment

This material is based upon work supported by the National 
Science Foundation under grant no. 1828320.  

References

Charland J, Deocaris CC, Micor JRL and Mojica ERE 
(2021), Potential and performance of accelerated 
solvent extraction (ASE) in obtaining bioactive 
compounds from bee propolis: Comparison with 
soaking, ultrasonication and microwave-assisted meth-
ods, J Trop Life Sci. 11(2): 187-192.

Deocaris CC, Aguinaldo RR, Ysla JLY, Asencion AS and 
Mojica EE (2005), Hypoglycemic activity of irradiated 
Banaba (Lagerstroemia speciosa Linn.) leaves, J Appl 
Sci Res. 1(1): 95-98.

Fazilatun N, Nornisah M and Zhari I (2005), Superoxide 
radical scavenging properties of extracts and flavo-
noids isolated from the leaves of Blumea balsamifera, 
Pharm Biol. 43(1): 15-20. https://doi.org/10.1080/ 
13880200490885969

Gyu DJ and Sun BY (2017), Antidiabetic composition 
comprising complex of glycine soja and banaba leaves, 
WO2017043776, 16th March, 2017.

Giampapa VC (2006), Supplement composition and method 
of use for enhancement of insulin sensitivity, 
WO/2006/127779, 30th November, 2006

Hu Y, Li Y, Li X, Hao X, Yang W and Gu W (2018), Study on 
the flavonoids in Blumea balsamifera DC and their 
antioxidant activity as well as α-glucosidase inhibitory 
activity, Nat Prod Res Dev. 30(11): 1898-1903. doi: 
10.16333/j.1001-6880.2018.11.008

Karsono AH, Tandrasasmita OM and Tjandrawinata RR 
(2019), Bioactive fraction from Lagerstroemia specio-
sa leaves (DLBS3733) reduces fat droplet by inhibit-
ing adipogenesis and lipogenesis, J Exp Pharmacol. 
11: 39-51. https://doi.org/10.2147/JEP.S181642

Klein G, Kim J, Himmeldirk K, Cao Y and Chen X (2007), 
Anti-diabetes and anti-obesity activity of Lagerstro-
emia speciosa, Evid Based Complement Alternat Med. 
4(4): 401-407. 

Liguori I, Russo G, Curcio F, Bulli G, Aran L, Della-Morte 
D, Gargiulo G, Testa G, Cacciatore F, Bonaduce D and 
Abete P (2018), Oxidative stress, aging, and diseases, 
Clin Interv Aging. 13: 757-772.  https://-
doi.org/10.1093/ecam/nem013

Junaid S, Rakesh KN, Dileep N, Poornima G, Prashith 
Kekuda TR and Mukunda S (2013), Total phenolic 
content and antioxidant activity of seed extract of 
Lagerstroemia speciosa L., Chem Sci Trans. 2: 75-80. 
DOI:10.7598/cst2013.310 

Musial C, Kuban-Jankowska A and Gorska-Ponikowska M 
(2020), Beneficial properties of green tea catechins, Int 
J Mol Sci. 21(5): 1744. https://doi.org/10.3390/i-
jms21051744

Noboru Y, Yuzo M and Akio T (1994), Candy containing leaf 
of banaba, JP1996154586, 18th June, 1996.

Pang Y, Wang D, Fan Z, Chen X, Yu F, Hu X, Wang K and 
Yuan, L (2014), Blumea balsamifera—a phytochemi-
cal and pharmacological review, Molecules. 19(7): 
9453-9477. https:// doi.org/ 10.3390/ molecules 
19079453

Poswal FS, Russell G, Mackonochie M, MacLennan E, 
Adukwu EC and Rolfe V (2019), Herbal teas and their 
health benefits: a scoping review, Plant Foods Hum 
Nutr. 74: 266-276.

Prior RL and Cao G (2000), Antioxidant phytochemicals in 
fruits and vegetables: diet and health implications, 
Hort Science. 35(4): 588-592.

Sivakumar G, Vail DR, Nair V, Medina‐Bolivar F and Lay Jr.  
JO (2009), Plant‐based corosolic acid: future anti‐dia-
betic drug? Biotechnol J: Health Nutr Technol. 4(12): 
1704-1711.  https://doi.org/10.1002/biot.200900207

Tiwary BK, Dutta S, Dey P, Hossain M, Kumar A, Bihani S, 
Nanda AK, Chaudhuri TK and Chakraborty R (2017), 
Radical scavenging activities of Lagerstroemia specio-
sa (L.) Pers. petal extracts and its hepato-protection in 
CCl4-intoxicated mice, BMC Complement Altern Med. 
17(1): 55.

Tripathi SK, Behera S, Panda M, Zengin G and Biswal BK 
(2021), A Comprehensive Review on pharmacology 
and toxicology of bioactive compounds of Lagerstro-
emia speciosa (L.), Perspect Curr Tradit Med. 7(4): 
504-513. DOI: https://doi.org/10.2174/221508380699 
9201211213931

Vinci G, D’Ascenzo F, Maddaloni L, Prencipe SA and 
Tiradritti M (2022), The influence of green and black 
tea infusion parameters on total polyphenol content 

and antioxidant activity by ABTS and DPPH assays, 
Beverages. 8(2): 18-30. https://doi.org/10.3390/bever-
ages8020018

Wang J, He H, Zhou Z, Bai L, She X, He L, He Y and Tan, D. 
(2023), Chemical constituents and bioactivities of 
Blumea balsamifera (Sembung): a systematic review, 
Food Sci Technol. 43: e132322. https://doi.org/ 
10.1590/fst.132322

Table II. Phenolic content and antioxidant activities of the herbal leaf tea samples

Means with the different superscript letters are significantly different using Tukeys’ HSD test at p < 0.05.

Brand  ID Phenolic content  

(mg gallic acid/g)  

Antioxidant Activities, IC 50 (µg/mL)  

DPPH  ABTS 

B1 60.61 + 16.05 19.95 + 4.28 8.51 + 3.37 

B2 530.16 + 48.58 0.42 + 0.14 0.14 + 0.04 

B3 170.59 + 21.24 89.11 + 9.39 97.30 + 5.82 

S1 50.69 + 19.29 5071.89 + 356.29 192.49 + 12.62 

S2 115.16 + 28.17 198.03 + 39.63 75.01 + 6.15 

S3 69.77 + 19.60 788.85 + 110.03 387.50 + 54.02 
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Banaba (L. speciosa), as is called in the Filipino language, is 
a deciduous tree native to tropical countries, such as the 
Philippines, Vietnam, Malaysia, and China. Its leaves are 
more popularly regarded as a tonic for treating diabetes 
among the locals (Deocaris et al. 2005). Corosolic acid (2
α-hydroxyursolic acid) is the most well-known compound 
found in L. speciosa shown to have anti-diabetic properties 
(Sivakumar et al. 2009). Due to its insulin-like properties, 
various patents/utility models for food supplements contain-
ing L. speciosa have been filed (Giampapa, 2006; Gyu and 
Sun, 2017; Noboru et al. 1994). L. speciosa has also been 
reported to have anti-inflammatory and antioxidant effects, 
which can help prevent chronic diseases such as cancer, 
cardiovascular disease, and Alzheimer’s disease (Klein et al. 
2007; Tripathi et al. 2021). L. speciosa has also been found to 
have potential anti-obesity effects by decreasing lipid 
accumulation and adipocyte differentiation and by inhibiting 
adipogenesis and lipogenesis (Karsono et al. 2019). With 
these arrays of benefits and the added cost of extracting the 
natural products from L. speciosa, the wholesale price of 
corosolic acid is prohibitive costing more than $43 per 
milligram.

We studied another popular herbal tea, sambong (B. balsam-
ifera), a perennial herb widely distributed in India, Pakistan, 
Burma, Indo-China Peninsula, Malaysia, Indonesia, and the 
Philippines. It is also known as ainaxiang (China), sembung 
(Malaysia), sambong (Philippines), and naat (Thailand). In 
Asian traditional medicine, B. balsamifera is used for the 
treatment of urinary tract infections, kidney stones, and 
hypertension (Pang et al. 2014). From the recent review by 
Wang et al. (2023), B. balsamifera has more than 150 volatile 
or non-volatile constituents, including monoterpenes, sesqui-
terpenes, diterpenes, flavonoids, organic acids, esters, 
alcohols, dihydroflavone and sterols. Its two main phyto-
chemicals are L-borneol and oleum which are the main 
components of many Chinese medicines such as Yinlishuang 
pills, Yankang tablets, Jinhoujian Spray and Xinwei Zhitong. 
B. balsamifera extracts have various pharmacological activi-
ties including antioxidant, antibacterial, antitumor, hepato-
protective, anti-inflammatory, analgesic, and wound healing 
promotion. 

In general, herbal teas can provide health benefits for the 
general population at a lower cost than regular food supple-
ments. However, to our knowledge, there are no published 
reports that assess their cost-effectiveness based on antioxi-
dant activities that can inform consumers of the potential 
health benefits. Thus, our present study assessed the phenolic 
and antioxidant activities of selected commercial brands of B. 
balsamifera and L. speciosa sold online in the Philippines. 
We found that polyphenols are the main antioxidant constitu-

ents of L. speciosa and B. balsamifera and their functional 
activities, i.e., the level of phenolics and antioxidant property, 
are not associated with the selling price.

Materials and methods 

Reagents and materials

The chemicals used in this study were purchased from 
various sources. Folin-Ciocalteu phenol reagent, anhydrous 
sodium carbonate, 2,2-diphenyl-1-bicrylhydrazyl, 2,2′-azi-
no-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium 
salt, potassium persulfate, and methanol were obtained from 
Sigma Aldrich (St. Louis, MO). The ethanol solvent, 
composed of 90% ethanol with 5% methanol and 5% isopro-
pyl alcohol, was sourced from Fisher Chemical (Waltham, 
MA). Gallic acid was procured from Acros Organics (Geel, 
Belgium). Commercial herbal tea samples were purchased 
from online marketplaces in the Philippines. Market prices 
were noted (Table I).

Sample Extraction

The tea samples were prepared by dipping the tea bags into 
200 ml of freshly boiled water for 5 minutes. The resulting 
tea infusion was then cooled and assayed for phenol content 
and antioxidant activity using DPPH and ABTS assays. The 
samples were blinded prior to analysis to ensure unbiased 
results.

Phenolic content

The phenolic content of the tea infusions was determined 
using the Folin-Ciocalteu assay (Charland et al. 2021). A 
10% concentration of the Folin-Ciocalteu reagent and 1.0 M 
Na2CO3 were prepared. In a 96-well microplate, 20 ml of 
each tea infusion was mixed with 100 ml of the Folin-Ciocal-

teu reagent and incubated for 4 minutes. After incubation, 
100 ml of 1 M Na2CO3 was added. The absorbance was 
measured at 645 nm after 2 hours of incubation in the dark. 
Distilled water was used as a negative control, while gallic 
acid served as both the positive control and the standard for 
generating a calibration curve to express the total phenolic 
content (TPC) in mg/ml gallic acid equivalents (GAE).

Antioxidant activities

The antioxidant activities of each tea infusion extract were 
determined using DPPH and ABTS assays (Vinci et al. 
2022). Both assays were performed on a 96-well microplate 
using serial dilutions of the tea infusions mixed with the 
respective reagents. Each extract (0.1 g/ml) was diluted 
10-fold three times to give concentrations ranging from 0.01 
to 1 x 10-4 g/ml. Gallic acid (2.5-100.0 ug/ml) was used as a 
standard. For the DPPH assay, 10 ml of the extract or 
standard was mixed with 200 µl of 0.2 mM DPPH. After 30 
minutes, the absorbance at 519 nm was measured. The 
antioxidant activity was calculated using the given formula 
below, and IC50 values were derived to express the antioxi-
dant activity.

The ABTS radical cation was prepared by mixing ABTS and 
potassium persulfate in a 1:1 ratio 18 hours before use. On a 
96-well plate, 200 µl of the mixed ABTS radical reagent was 
added to different volumes of tea extracts (10, 5, 2 and 1 µl). 
Water was used as a negative control. The samples were 
incubated at room temperature for 10 minutes in the dark, and 

the absorbance was measured at 750 nm. The ABTS assay 
was performed in triplicate. The antioxidant activity was 
expressed as an IC50 (mg/ml), the half-maximal inhibition 
concentration. The IC50 value was generated by plotting the 
measured absorbance of the different volumes of tea extracts 
using their specific concentrations, based on the mass of tea 
materials divided by the initial volume. This plot generates a 
sigmoidal curve, from which the point of 50% effectiveness 
can be determined using the logarithmic equation. All absor-
bance readings were obtained using a Biotek Cytation 5 
Image Reader. Both assays were replicated at least three 
times.

Statistical analysis

Experimental data (phenolic content and IC50 values from 
DPPH and ABTS assays) from the tea samples were analyzed 
using student's ANOVA with Tukey’s Test (p < 0.05) to 
compare their differences. 

Results and discussion

This study aims to determine the phenolic content and antiox-
idant capacity of the widely marketed herbal teas derived 
from L. speciosa and B. balsamifera in the Philippines and 
analyze their respective cost-effectiveness. As shown in 
Table II, our analyses indicate that L. speciosa tea samples 
(range: 60.61 - 530.16 mg gallic acid/g) generally displayed 
a higher phenolic content than B. balsamifera tea samples 
(range: 50.69 - 115.16 mg gallic acid/g). The values observed 
in L. speciosa leaves is within the range reported for ethano-
lic extract of L. speciosa petals (446 mg gallic/g) as reported 

by Tiwary et al. (2017) and higher than the 9.63 µg gallic 
acid/g reported by Junaid et al. (2012) for methanolic seed 
extracts. In addition to this, L. speciosa teas consistently 
showed lower IC50 values than B. balsamifera teas based on 
DPPH and ABTS assays. This is indicative of a strong 
antioxidant activity of L. speciosa tea which can be directly 
connected to a higher phenolic content. Phenolic compounds 
are secondary metabolites that are widely distributed in plant 
sources, including herbal teas. Our study is consistent with 
results from some studies of herbal teas that exhibit an 
association between phenolic content and antioxidant 
activity. For instance, reported, that the phenolic content of 
different kinds of herbal teas have a positive relationship with 
their antioxidant activity. Similarly, observed that the phenolic 
content of herbal teas is related to their ability to scavenge 
free radicals.  According to Fazilatun et al. (2005), the 
antioxidant activity of B. balsamifera flavonoids is related to 
the number of hydroxyl groups, with flavonoids containing 
one free hydroxyl group having higher antioxidant activity 
than methylated ones. Hu et al. (2018) used a DPPH radical 
scavenging experiment to assess the high antioxidant activity 

of flavonoids in B. balsamifera leaves.

The capacity of phenolic and flavonoid compounds to trans-
fer hydrogen ions or electrons to free radicals and mitigate 
oxidative damage has been attributed to their antioxidant 
activity. The chemical structure of these compounds 
influences their antioxidant activity and dictates the capacity 
to scavenge different kinds of free radicals (Prior and Cao, 
2000).  The degree of antioxidative activity of functional 
food and tea for human health is significant since chronic 

illnesses, such as cardiovascular disease, cancer, and neuro-
logical disorders, are linked with oxidative stress (Liguori et 
al. 2018). Thus, the anti-oxidative constituents in herbal teas 
can help in the prevention, if not, management of disease risk 
by countering oxidative stressors.

Finally, our study evaluated the unit cost of the herbal teas in 
relation to their food functionality.  Based on our work, L. 
speciosa Brand 2 tea was found to be the most cost-effective 
source of phenolics and had highest levels of antioxidant, 
while B. balsamifera Brand 2 tea had the highest per unit cost 
relative to its phenolic and antioxidant activities (Figure 1). 
Our straightforward cost analysis emphasizes the need for a 
cost-benefit analysis to discover the best source of phenolics 
and antioxidants for therapeutic and health purposes. This is 
especially important in developing nations like the Philip-
pines, where herbal medicines are extensively utilized as 
alternative therapies due to their ease of availability and low 
cost.

Our work sheds light on the phenolic composition and 

antioxidant capacity of some herbal teas sold online in the 
Philippines. As a disclaimer, the limited sample size of six 
commercially available herbal teas is a major drawback of 
this study. To give a more thorough investigation of the 
phenolic content and antioxidant activity of herbal teas, 
future research could broaden both the sample size and plant 
species. Another limitation is the lack of information on 
geographic sourcing, processing, and storage methods by the 
manufacturers, which may affect the chemical composition 
of the tea batches analyzed.  In addition, our study merely 

compared the cost-effectiveness of the herbal teas based on 
their phenolic content and antioxidant activity. Despite the 
limitations, our work highlights the economic feasibility of 
herbal medicine as an alternative treatment option in 
resource-constrained settings and provides as guide to 
consumers in making informed decisions in choosing their 
beverage options.
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Banaba (L. speciosa), as is called in the Filipino language, is 
a deciduous tree native to tropical countries, such as the 
Philippines, Vietnam, Malaysia, and China. Its leaves are 
more popularly regarded as a tonic for treating diabetes 
among the locals (Deocaris et al. 2005). Corosolic acid (2
α-hydroxyursolic acid) is the most well-known compound 
found in L. speciosa shown to have anti-diabetic properties 
(Sivakumar et al. 2009). Due to its insulin-like properties, 
various patents/utility models for food supplements contain-
ing L. speciosa have been filed (Giampapa, 2006; Gyu and 
Sun, 2017; Noboru et al. 1994). L. speciosa has also been 
reported to have anti-inflammatory and antioxidant effects, 
which can help prevent chronic diseases such as cancer, 
cardiovascular disease, and Alzheimer’s disease (Klein et al. 
2007; Tripathi et al. 2021). L. speciosa has also been found to 
have potential anti-obesity effects by decreasing lipid 
accumulation and adipocyte differentiation and by inhibiting 
adipogenesis and lipogenesis (Karsono et al. 2019). With 
these arrays of benefits and the added cost of extracting the 
natural products from L. speciosa, the wholesale price of 
corosolic acid is prohibitive costing more than $43 per 
milligram.

We studied another popular herbal tea, sambong (B. balsam-
ifera), a perennial herb widely distributed in India, Pakistan, 
Burma, Indo-China Peninsula, Malaysia, Indonesia, and the 
Philippines. It is also known as ainaxiang (China), sembung 
(Malaysia), sambong (Philippines), and naat (Thailand). In 
Asian traditional medicine, B. balsamifera is used for the 
treatment of urinary tract infections, kidney stones, and 
hypertension (Pang et al. 2014). From the recent review by 
Wang et al. (2023), B. balsamifera has more than 150 volatile 
or non-volatile constituents, including monoterpenes, sesqui-
terpenes, diterpenes, flavonoids, organic acids, esters, 
alcohols, dihydroflavone and sterols. Its two main phyto-
chemicals are L-borneol and oleum which are the main 
components of many Chinese medicines such as Yinlishuang 
pills, Yankang tablets, Jinhoujian Spray and Xinwei Zhitong. 
B. balsamifera extracts have various pharmacological activi-
ties including antioxidant, antibacterial, antitumor, hepato-
protective, anti-inflammatory, analgesic, and wound healing 
promotion. 

In general, herbal teas can provide health benefits for the 
general population at a lower cost than regular food supple-
ments. However, to our knowledge, there are no published 
reports that assess their cost-effectiveness based on antioxi-
dant activities that can inform consumers of the potential 
health benefits. Thus, our present study assessed the phenolic 
and antioxidant activities of selected commercial brands of B. 
balsamifera and L. speciosa sold online in the Philippines. 
We found that polyphenols are the main antioxidant constitu-

ents of L. speciosa and B. balsamifera and their functional 
activities, i.e., the level of phenolics and antioxidant property, 
are not associated with the selling price.

Materials and methods 

Reagents and materials

The chemicals used in this study were purchased from 
various sources. Folin-Ciocalteu phenol reagent, anhydrous 
sodium carbonate, 2,2-diphenyl-1-bicrylhydrazyl, 2,2′-azi-
no-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium 
salt, potassium persulfate, and methanol were obtained from 
Sigma Aldrich (St. Louis, MO). The ethanol solvent, 
composed of 90% ethanol with 5% methanol and 5% isopro-
pyl alcohol, was sourced from Fisher Chemical (Waltham, 
MA). Gallic acid was procured from Acros Organics (Geel, 
Belgium). Commercial herbal tea samples were purchased 
from online marketplaces in the Philippines. Market prices 
were noted (Table I).

Sample Extraction

The tea samples were prepared by dipping the tea bags into 
200 ml of freshly boiled water for 5 minutes. The resulting 
tea infusion was then cooled and assayed for phenol content 
and antioxidant activity using DPPH and ABTS assays. The 
samples were blinded prior to analysis to ensure unbiased 
results.

Phenolic content

The phenolic content of the tea infusions was determined 
using the Folin-Ciocalteu assay (Charland et al. 2021). A 
10% concentration of the Folin-Ciocalteu reagent and 1.0 M 
Na2CO3 were prepared. In a 96-well microplate, 20 ml of 
each tea infusion was mixed with 100 ml of the Folin-Ciocal-

teu reagent and incubated for 4 minutes. After incubation, 
100 ml of 1 M Na2CO3 was added. The absorbance was 
measured at 645 nm after 2 hours of incubation in the dark. 
Distilled water was used as a negative control, while gallic 
acid served as both the positive control and the standard for 
generating a calibration curve to express the total phenolic 
content (TPC) in mg/ml gallic acid equivalents (GAE).

Antioxidant activities

The antioxidant activities of each tea infusion extract were 
determined using DPPH and ABTS assays (Vinci et al. 
2022). Both assays were performed on a 96-well microplate 
using serial dilutions of the tea infusions mixed with the 
respective reagents. Each extract (0.1 g/ml) was diluted 
10-fold three times to give concentrations ranging from 0.01 
to 1 x 10-4 g/ml. Gallic acid (2.5-100.0 ug/ml) was used as a 
standard. For the DPPH assay, 10 ml of the extract or 
standard was mixed with 200 µl of 0.2 mM DPPH. After 30 
minutes, the absorbance at 519 nm was measured. The 
antioxidant activity was calculated using the given formula 
below, and IC50 values were derived to express the antioxi-
dant activity.

The ABTS radical cation was prepared by mixing ABTS and 
potassium persulfate in a 1:1 ratio 18 hours before use. On a 
96-well plate, 200 µl of the mixed ABTS radical reagent was 
added to different volumes of tea extracts (10, 5, 2 and 1 µl). 
Water was used as a negative control. The samples were 
incubated at room temperature for 10 minutes in the dark, and 

the absorbance was measured at 750 nm. The ABTS assay 
was performed in triplicate. The antioxidant activity was 
expressed as an IC50 (mg/ml), the half-maximal inhibition 
concentration. The IC50 value was generated by plotting the 
measured absorbance of the different volumes of tea extracts 
using their specific concentrations, based on the mass of tea 
materials divided by the initial volume. This plot generates a 
sigmoidal curve, from which the point of 50% effectiveness 
can be determined using the logarithmic equation. All absor-
bance readings were obtained using a Biotek Cytation 5 
Image Reader. Both assays were replicated at least three 
times.

Statistical analysis

Experimental data (phenolic content and IC50 values from 
DPPH and ABTS assays) from the tea samples were analyzed 
using student's ANOVA with Tukey’s Test (p < 0.05) to 
compare their differences. 

Results and discussion

This study aims to determine the phenolic content and antiox-
idant capacity of the widely marketed herbal teas derived 
from L. speciosa and B. balsamifera in the Philippines and 
analyze their respective cost-effectiveness. As shown in 
Table II, our analyses indicate that L. speciosa tea samples 
(range: 60.61 - 530.16 mg gallic acid/g) generally displayed 
a higher phenolic content than B. balsamifera tea samples 
(range: 50.69 - 115.16 mg gallic acid/g). The values observed 
in L. speciosa leaves is within the range reported for ethano-
lic extract of L. speciosa petals (446 mg gallic/g) as reported 

by Tiwary et al. (2017) and higher than the 9.63 µg gallic 
acid/g reported by Junaid et al. (2012) for methanolic seed 
extracts. In addition to this, L. speciosa teas consistently 
showed lower IC50 values than B. balsamifera teas based on 
DPPH and ABTS assays. This is indicative of a strong 
antioxidant activity of L. speciosa tea which can be directly 
connected to a higher phenolic content. Phenolic compounds 
are secondary metabolites that are widely distributed in plant 
sources, including herbal teas. Our study is consistent with 
results from some studies of herbal teas that exhibit an 
association between phenolic content and antioxidant 
activity. For instance, reported, that the phenolic content of 
different kinds of herbal teas have a positive relationship with 
their antioxidant activity. Similarly, observed that the phenolic 
content of herbal teas is related to their ability to scavenge 
free radicals.  According to Fazilatun et al. (2005), the 
antioxidant activity of B. balsamifera flavonoids is related to 
the number of hydroxyl groups, with flavonoids containing 
one free hydroxyl group having higher antioxidant activity 
than methylated ones. Hu et al. (2018) used a DPPH radical 
scavenging experiment to assess the high antioxidant activity 

of flavonoids in B. balsamifera leaves.

The capacity of phenolic and flavonoid compounds to trans-
fer hydrogen ions or electrons to free radicals and mitigate 
oxidative damage has been attributed to their antioxidant 
activity. The chemical structure of these compounds 
influences their antioxidant activity and dictates the capacity 
to scavenge different kinds of free radicals (Prior and Cao, 
2000).  The degree of antioxidative activity of functional 
food and tea for human health is significant since chronic 

illnesses, such as cardiovascular disease, cancer, and neuro-
logical disorders, are linked with oxidative stress (Liguori et 
al. 2018). Thus, the anti-oxidative constituents in herbal teas 
can help in the prevention, if not, management of disease risk 
by countering oxidative stressors.

Finally, our study evaluated the unit cost of the herbal teas in 
relation to their food functionality.  Based on our work, L. 
speciosa Brand 2 tea was found to be the most cost-effective 
source of phenolics and had highest levels of antioxidant, 
while B. balsamifera Brand 2 tea had the highest per unit cost 
relative to its phenolic and antioxidant activities (Figure 1). 
Our straightforward cost analysis emphasizes the need for a 
cost-benefit analysis to discover the best source of phenolics 
and antioxidants for therapeutic and health purposes. This is 
especially important in developing nations like the Philip-
pines, where herbal medicines are extensively utilized as 
alternative therapies due to their ease of availability and low 
cost.

Our work sheds light on the phenolic composition and 

antioxidant capacity of some herbal teas sold online in the 
Philippines. As a disclaimer, the limited sample size of six 
commercially available herbal teas is a major drawback of 
this study. To give a more thorough investigation of the 
phenolic content and antioxidant activity of herbal teas, 
future research could broaden both the sample size and plant 
species. Another limitation is the lack of information on 
geographic sourcing, processing, and storage methods by the 
manufacturers, which may affect the chemical composition 
of the tea batches analyzed.  In addition, our study merely 

compared the cost-effectiveness of the herbal teas based on 
their phenolic content and antioxidant activity. Despite the 
limitations, our work highlights the economic feasibility of 
herbal medicine as an alternative treatment option in 
resource-constrained settings and provides as guide to 
consumers in making informed decisions in choosing their 
beverage options.
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Banaba (L. speciosa), as is called in the Filipino language, is 
a deciduous tree native to tropical countries, such as the 
Philippines, Vietnam, Malaysia, and China. Its leaves are 
more popularly regarded as a tonic for treating diabetes 
among the locals (Deocaris et al. 2005). Corosolic acid (2
α-hydroxyursolic acid) is the most well-known compound 
found in L. speciosa shown to have anti-diabetic properties 
(Sivakumar et al. 2009). Due to its insulin-like properties, 
various patents/utility models for food supplements contain-
ing L. speciosa have been filed (Giampapa, 2006; Gyu and 
Sun, 2017; Noboru et al. 1994). L. speciosa has also been 
reported to have anti-inflammatory and antioxidant effects, 
which can help prevent chronic diseases such as cancer, 
cardiovascular disease, and Alzheimer’s disease (Klein et al. 
2007; Tripathi et al. 2021). L. speciosa has also been found to 
have potential anti-obesity effects by decreasing lipid 
accumulation and adipocyte differentiation and by inhibiting 
adipogenesis and lipogenesis (Karsono et al. 2019). With 
these arrays of benefits and the added cost of extracting the 
natural products from L. speciosa, the wholesale price of 
corosolic acid is prohibitive costing more than $43 per 
milligram.

We studied another popular herbal tea, sambong (B. balsam-
ifera), a perennial herb widely distributed in India, Pakistan, 
Burma, Indo-China Peninsula, Malaysia, Indonesia, and the 
Philippines. It is also known as ainaxiang (China), sembung 
(Malaysia), sambong (Philippines), and naat (Thailand). In 
Asian traditional medicine, B. balsamifera is used for the 
treatment of urinary tract infections, kidney stones, and 
hypertension (Pang et al. 2014). From the recent review by 
Wang et al. (2023), B. balsamifera has more than 150 volatile 
or non-volatile constituents, including monoterpenes, sesqui-
terpenes, diterpenes, flavonoids, organic acids, esters, 
alcohols, dihydroflavone and sterols. Its two main phyto-
chemicals are L-borneol and oleum which are the main 
components of many Chinese medicines such as Yinlishuang 
pills, Yankang tablets, Jinhoujian Spray and Xinwei Zhitong. 
B. balsamifera extracts have various pharmacological activi-
ties including antioxidant, antibacterial, antitumor, hepato-
protective, anti-inflammatory, analgesic, and wound healing 
promotion. 

In general, herbal teas can provide health benefits for the 
general population at a lower cost than regular food supple-
ments. However, to our knowledge, there are no published 
reports that assess their cost-effectiveness based on antioxi-
dant activities that can inform consumers of the potential 
health benefits. Thus, our present study assessed the phenolic 
and antioxidant activities of selected commercial brands of B. 
balsamifera and L. speciosa sold online in the Philippines. 
We found that polyphenols are the main antioxidant constitu-

ents of L. speciosa and B. balsamifera and their functional 
activities, i.e., the level of phenolics and antioxidant property, 
are not associated with the selling price.

Materials and methods 

Reagents and materials

The chemicals used in this study were purchased from 
various sources. Folin-Ciocalteu phenol reagent, anhydrous 
sodium carbonate, 2,2-diphenyl-1-bicrylhydrazyl, 2,2′-azi-
no-bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium 
salt, potassium persulfate, and methanol were obtained from 
Sigma Aldrich (St. Louis, MO). The ethanol solvent, 
composed of 90% ethanol with 5% methanol and 5% isopro-
pyl alcohol, was sourced from Fisher Chemical (Waltham, 
MA). Gallic acid was procured from Acros Organics (Geel, 
Belgium). Commercial herbal tea samples were purchased 
from online marketplaces in the Philippines. Market prices 
were noted (Table I).

Sample Extraction

The tea samples were prepared by dipping the tea bags into 
200 ml of freshly boiled water for 5 minutes. The resulting 
tea infusion was then cooled and assayed for phenol content 
and antioxidant activity using DPPH and ABTS assays. The 
samples were blinded prior to analysis to ensure unbiased 
results.

Phenolic content

The phenolic content of the tea infusions was determined 
using the Folin-Ciocalteu assay (Charland et al. 2021). A 
10% concentration of the Folin-Ciocalteu reagent and 1.0 M 
Na2CO3 were prepared. In a 96-well microplate, 20 ml of 
each tea infusion was mixed with 100 ml of the Folin-Ciocal-

teu reagent and incubated for 4 minutes. After incubation, 
100 ml of 1 M Na2CO3 was added. The absorbance was 
measured at 645 nm after 2 hours of incubation in the dark. 
Distilled water was used as a negative control, while gallic 
acid served as both the positive control and the standard for 
generating a calibration curve to express the total phenolic 
content (TPC) in mg/ml gallic acid equivalents (GAE).

Antioxidant activities

The antioxidant activities of each tea infusion extract were 
determined using DPPH and ABTS assays (Vinci et al. 
2022). Both assays were performed on a 96-well microplate 
using serial dilutions of the tea infusions mixed with the 
respective reagents. Each extract (0.1 g/ml) was diluted 
10-fold three times to give concentrations ranging from 0.01 
to 1 x 10-4 g/ml. Gallic acid (2.5-100.0 ug/ml) was used as a 
standard. For the DPPH assay, 10 ml of the extract or 
standard was mixed with 200 µl of 0.2 mM DPPH. After 30 
minutes, the absorbance at 519 nm was measured. The 
antioxidant activity was calculated using the given formula 
below, and IC50 values were derived to express the antioxi-
dant activity.

The ABTS radical cation was prepared by mixing ABTS and 
potassium persulfate in a 1:1 ratio 18 hours before use. On a 
96-well plate, 200 µl of the mixed ABTS radical reagent was 
added to different volumes of tea extracts (10, 5, 2 and 1 µl). 
Water was used as a negative control. The samples were 
incubated at room temperature for 10 minutes in the dark, and 

the absorbance was measured at 750 nm. The ABTS assay 
was performed in triplicate. The antioxidant activity was 
expressed as an IC50 (mg/ml), the half-maximal inhibition 
concentration. The IC50 value was generated by plotting the 
measured absorbance of the different volumes of tea extracts 
using their specific concentrations, based on the mass of tea 
materials divided by the initial volume. This plot generates a 
sigmoidal curve, from which the point of 50% effectiveness 
can be determined using the logarithmic equation. All absor-
bance readings were obtained using a Biotek Cytation 5 
Image Reader. Both assays were replicated at least three 
times.

Statistical analysis

Experimental data (phenolic content and IC50 values from 
DPPH and ABTS assays) from the tea samples were analyzed 
using student's ANOVA with Tukey’s Test (p < 0.05) to 
compare their differences. 

Results and discussion

This study aims to determine the phenolic content and antiox-
idant capacity of the widely marketed herbal teas derived 
from L. speciosa and B. balsamifera in the Philippines and 
analyze their respective cost-effectiveness. As shown in 
Table II, our analyses indicate that L. speciosa tea samples 
(range: 60.61 - 530.16 mg gallic acid/g) generally displayed 
a higher phenolic content than B. balsamifera tea samples 
(range: 50.69 - 115.16 mg gallic acid/g). The values observed 
in L. speciosa leaves is within the range reported for ethano-
lic extract of L. speciosa petals (446 mg gallic/g) as reported 

by Tiwary et al. (2017) and higher than the 9.63 µg gallic 
acid/g reported by Junaid et al. (2012) for methanolic seed 
extracts. In addition to this, L. speciosa teas consistently 
showed lower IC50 values than B. balsamifera teas based on 
DPPH and ABTS assays. This is indicative of a strong 
antioxidant activity of L. speciosa tea which can be directly 
connected to a higher phenolic content. Phenolic compounds 
are secondary metabolites that are widely distributed in plant 
sources, including herbal teas. Our study is consistent with 
results from some studies of herbal teas that exhibit an 
association between phenolic content and antioxidant 
activity. For instance, reported, that the phenolic content of 
different kinds of herbal teas have a positive relationship with 
their antioxidant activity. Similarly, observed that the phenolic 
content of herbal teas is related to their ability to scavenge 
free radicals.  According to Fazilatun et al. (2005), the 
antioxidant activity of B. balsamifera flavonoids is related to 
the number of hydroxyl groups, with flavonoids containing 
one free hydroxyl group having higher antioxidant activity 
than methylated ones. Hu et al. (2018) used a DPPH radical 
scavenging experiment to assess the high antioxidant activity 

of flavonoids in B. balsamifera leaves.

The capacity of phenolic and flavonoid compounds to trans-
fer hydrogen ions or electrons to free radicals and mitigate 
oxidative damage has been attributed to their antioxidant 
activity. The chemical structure of these compounds 
influences their antioxidant activity and dictates the capacity 
to scavenge different kinds of free radicals (Prior and Cao, 
2000).  The degree of antioxidative activity of functional 
food and tea for human health is significant since chronic 

illnesses, such as cardiovascular disease, cancer, and neuro-
logical disorders, are linked with oxidative stress (Liguori et 
al. 2018). Thus, the anti-oxidative constituents in herbal teas 
can help in the prevention, if not, management of disease risk 
by countering oxidative stressors.

Finally, our study evaluated the unit cost of the herbal teas in 
relation to their food functionality.  Based on our work, L. 
speciosa Brand 2 tea was found to be the most cost-effective 
source of phenolics and had highest levels of antioxidant, 
while B. balsamifera Brand 2 tea had the highest per unit cost 
relative to its phenolic and antioxidant activities (Figure 1). 
Our straightforward cost analysis emphasizes the need for a 
cost-benefit analysis to discover the best source of phenolics 
and antioxidants for therapeutic and health purposes. This is 
especially important in developing nations like the Philip-
pines, where herbal medicines are extensively utilized as 
alternative therapies due to their ease of availability and low 
cost.

Our work sheds light on the phenolic composition and 

antioxidant capacity of some herbal teas sold online in the 
Philippines. As a disclaimer, the limited sample size of six 
commercially available herbal teas is a major drawback of 
this study. To give a more thorough investigation of the 
phenolic content and antioxidant activity of herbal teas, 
future research could broaden both the sample size and plant 
species. Another limitation is the lack of information on 
geographic sourcing, processing, and storage methods by the 
manufacturers, which may affect the chemical composition 
of the tea batches analyzed.  In addition, our study merely 

compared the cost-effectiveness of the herbal teas based on 
their phenolic content and antioxidant activity. Despite the 
limitations, our work highlights the economic feasibility of 
herbal medicine as an alternative treatment option in 
resource-constrained settings and provides as guide to 
consumers in making informed decisions in choosing their 
beverage options.
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