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Abstract 

According to the National List of Essential Medicines of Thailand, the Thunbergia laurifolia (TL) 
tea is categorized as antipyretic and detoxifying herbal medicine. This tea has also been used for the 
treatment of drug addiction and smoking cessation. However, suggested infusion conditions were varied 
which may result in variations in extracted active contents and bioactivities. In this study, the infusion 
condition that maximized extraction of caffeic acid (CA) and rosmarinic acid (RA), the major markers of 
TL tea, was assessed by using response surface methodology (RSM). The contents of markers were 
analyzed by a validated high-performance liquid chromatographic method. To evaluate the extraction 
efficiency, the marker contents obtained by preparing the tea under the optimal condition were compared 
to those obtained by aqueous extraction process. The results demonstrated that the marker contents varied 
considerably according to infusion variables; time, temperature and volume (150 - 250 mL). By using 
RSM, it was successfully found that the optimal condition for the tea (3 g) was as follows: 200 mL of 
boiling water and infusion time of 10 min. More importantly, by using infusion method, the major portion 
of markers remained in the tea powder implying poor extraction efficiency of the method. This result 
suggested that the use of TL extract would be benefit in terms of quality and efficacy. The optimal 
infusion condition could be utilized in clinical studies to find an effective oral dose range of markers. 
Ultimately, the obtained information could be used to determine the oral dose of TL extract. 

Keywords: Caffeic acid, Infusion condition, Response surface methodology, Rosmarinic acid, 
Thunbergia laurifolia 
 
 
Introduction 

Thunbergia laurifolia (TL) is a Thai medicinal herb also known as “Rang Cheud”. According to 
National List of Essential Medicines of Thailand, the TL tea has been categorized as antipyretic and 
detoxifying medicine for poisonings from insecticides [1,2], lead [3], cadmium [4] and ethanol [5]. It was 
found that the aqueous extract of TL leaves exhibited the highest phenolic content and antioxidant activity 
comparing to ethanol and acetone extracts [6]. The major active markers of TL tea leave and its aqueous 
extract were caffeic acid (CA) and rosmarinic acid (RA) [7,8]. 

Several other biological effects of TL extracts and its markers, especially for RA, have been 
extensively investigated and reported, such as antioxidant [9], cognitive improvement [10], and anti-
depressive-like effects [11]. Furthermore, this plant alone or in combination with other medicinal plants 
has been traditionally and clinically used in the treatment of drug addiction and smoking cessation. Its 
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efficacy and mechanism studies have been reported for the treatment of drug addiction [12,13], while the 
scientific data relating to the use in smoking cessation was limited. Recently, patents relating to the use of 
aqueous extract of leaves of lemon balm (Melissa officinalis) have been launched [14,15]. The plant 
contained the same major active compounds as TL, CA and RA [16], which could be implied that the 
aqueous extracts of TL may also have a potential use in the treatment of smoking cessation. 

In Thailand, the TL tea products have been manufactured and used as alternative medicines at some 
hospitals. At Wang-Nam-Yen hospital, Sa Kaeo province, Thailand, the tea has been extensively used for 
detoxification of insecticides and the treatment of smoking cessation. The tea was provided in a single 
unit dose as a sachet (3 g), designed for infusion under non-stirring condition. However, it was found that 
suggested infusion conditions by pharmacists were varied as follows: infusion time of 5 - 15 min and 120 
- 250 mL of warm or boiling water. While the condition recommended in the National List of Essential 
Medicines were as follows: 120 - 200 mL of hot water, without suggested infusion time [1]. 

Several previous studies demonstrated that extraction of active compounds from herbal tea was 
influenced by infusion variables such as infusion time, water temperature and volume. In addition, these 
parameters also affected the stability of active compounds [17-19]. For TL tea, the varied infusion 
condition could also contribute to variations in extracted marker contents and bioactivities. Since the 
therapeutic efficacy or biological activities were directly correlated to the amounts of active ingredients 
[20], the optimal infusion condition of TL tea should be assessed and employed to achieve the optimal 
efficacy. Although this tea has been used for decades, the information relating to its optimal infusion 
condition has not yet been investigated. 

The conventional method to study the optimization condition was the 1-factor-at-a-time approach 
which is time-consuming and cannot explore interactions between variables. Response surface 
methodology (RSM) based on Box-Behnken design (BBD) is an effective technique to overcome these 
limitations. The BBD requires 3 levels of each variable, which results in fewer experimental trials to 
evaluate multiple variables and their interactions [21]. Therefore, this study aimed to employ a RSM 
based on BBD to optimize the infusion conditions for TL tea, in order to achieve the maximum contents 
of its active markers in the tea solution. The tea product of Wang Nam Yen hospital was used as a model 
for optimization. The contents of CA and RA were analyzed by a validated high-performance liquid 
chromatographic (HPLC) method. The preliminary evaluation of the extraction efficiency showed the 
marker contents obtained from preparing the tea under the optimal condition were comparable to those 
obtained by aqueous extraction process. Furthermore, the variation of active contents in plant material 
used for preparing the tea products was also investigated by aqueous extraction process. 
 
Materials and methods 

Chemicals and reagents 
Reference standards of CA and RA were purchased from Sigma-Aldrich (MO, USA). HPLC grade 

of acetonitrile and methanol were supplied by Honeywell (NJ, USA) and Fisher chemical 
(Loughborough, UK), respectively. Analytical grade of glacial acetic acid was provided by Ajax 
Finechem (MA, USA). The deionized water was obtained from Thai Nakorn Patana (Nonthaburi, 
Thailand). Two lots of commercial sachets containing 3 g of finely ground dried leaves of TL were 
purchased from Wang Nam Yen hospital, Sa Kaeo province, Thailand: Lot no. 034/018/59 (Lot A) and 
Lot no. 034/009/59 (Lot B). The tea from Lot A was evaluated for weight variation and used to optimize 
the infusion condition, while the investigation of particle size and preparation of TL extract by aqueous 
extraction process were performed for both Lot A and Lot B. 
 

Evaluation of weight variation and particle size 
A total of 20 sachets of Lot A were randomly selected and weighed individually. Then, the contents 

of each sachet were removed and the emptied sachets were individually accurately weighed. The net 
weight of tea powder content was determined by subtracting the weight of the emptied sachet from the 
weight of intact sachet. The percentage deviation from the average weight (% WV) was assessed 
according to this equation: % WV = [(Wind-Wav)/Wav] × 100 %, where Wind and Wav are individual weight 

http://apps.who.int/medicinedocs/en/m/abstract/Js21586en/
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and average weight, respectively. The % WV of each sachet should be less than 7.5 % [22]. After the 
experiment, all of tea powders were mixed and used for particle size determination. For Lot B, a total of 
20 sachets were also randomly selected and mixed before measuring the particle size. 

Mean particle size was measured by the laser diffraction scattering method (Mastersizer 2000, 
Malvern, UK). Prior to the measurement, the TL powder was diluted with double-distilled water to a 
suitable scattering intensity and redispersed by handshaking before the measurement. 
 

Multivariate optimization 
Since the previous studies demonstrated that infusion variables which were infusion time, water 

temperature and volume affected the component levels of tea solutions [17-19], therefore, these variables 
were chosen to optimize infusion condition of TL tea. The studied range for each variable was as follows: 
infusion time of 5 - 15 min, water volume of 150 - 250 mL and water temperature of 80 - 100 °C. These 
ranges were selected based on the recommended and actual-use conditions employed by patients. In this 
study, the boiling water temperature was approximately considered as 100 °C. Once the water reached the 
boiling point, it was further heated for at least 5 min before using in the experiment. All experiments 
were performed at a controlled room temperature of 30 ± 2 °C. 
 
 
Table 1 Variables, experimental levels and marker contents in TL tea solutions prepared according to 
Box-Behnken Design trials. 
 

Experiment 
Decodified variables Content (mg per 1 g of TL tea)** 

Time 
(min) 

Temperature 
(°C)* 

Volume 
(mL) CA RA 

1 5 80 200 0.010 ± 0.001 0.169 ± 0.007 
2 15 80 200 0.031 ± 0.003 0.252 ± 0.011 
3 5 100 200 0.035 ± 0.003 0.672 ± 0.015 
4 15 100 200 0.034 ± 0.005 0.684 ± 0.012 
5 5 90 150 0.011 ± 0.0003 0.202 ± 0.004 
6 15 90 150 0.029 ± 0.0002 0.357 ± 0.006 
7 5 90 250 0.021 ± 0.004 0.196 ± 0.010 
8 15 90 250 0.024 ± 0.001 0.243 ± 0.012 
9 10 80 150 0.019 ± 0.001 0.365 ± 0.002 
10 10 100 150 0.032 ± 0.002 0.683 ± 0.006 
11 10 80 250 0.017 ± 0.001 0.352 ± 0.001 
12 10 100 250 0.033 ± 0.001 0.716 ± 0.006 
13 10 90 200 0.025 ± 0.004 0.320 ± 0.006 
14 10 90 200 0.023 ± 0.001 0.343 ± 0.012 
15 10 90 200 0.025 ± 0.003 0.312 ± 0.006 
 
* Boiling water temperature was considered as 100 °C. 
** Data expressed as Mean ± SD; n = 3. 
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To optimize the infusion condition, one batch of the TL tea (Lot A) was used in order to avoid 
variations in composition of the plant. The weight of sachets used in this study was within 5 % of the 
mean sachet weight corresponded to 2.85 - 3.15 g of dried leaves. A 3-level Box-Behnken design 
(BBD) with 15 trials, including 3 replicates at the center point was used to assess the condition that 
maximized CA and RA contents in the tea solutions. Each trial was performed in triplicate. The detailed 
levels are shown in Table 1. For the preparation of the tea solution, a sachet was weighed and placed in a 
glass bottle (350 mL). Then, the water was added, with the sachet staying totally immersed in the water, 
and the infusion remained at rest. After infusion period, the sachet was immediately removed and filtered 
through a filter paper (Whatman no. 1). The solution was evaporated according to the procedure described 
by N Ruangpayungsak [12]. The solution was poured into an evaporating dish and then evaporated on a 
water bath (70 ± 2 °C). After obtaining a small volume of concentrated solution (approximately 10 mL), 
the extract was transferred into a known weight of glass bottle (15 mL) and further evaporated on water 
bath until obtaining a constant weight (total weight). The extract was kept at -20 °C until analysis. The net 
weight of tea extract was calculated by subtracting the weight of empty bottle from the total weight. 
During the experiment, leak sachets were removed and excluded from analysis. 

Before the analysis was performed, each dried extract was thawed unassisted at room temperature 
and reconstituted with an appropriate amount of deionized water. The sample was sonicated until no 
particles were visually observed (less than 10 min). Then, the extract solution was filtered using PTFE 
syringe filter (13 mm diameter, 0.22 µm pore size, Membrane solution, TX, USA) and analyzed for CA 
and RA contents by HPLC. 
 

Aqueous extract preparation 
In order to conduct the preliminary evaluation of the extraction efficiency, the marker contents 

obtained from infusion and aqueous extraction processes were compared. The aqueous extracts were 
prepared according to the experimental procedure described by Ruangpayungsak [8]. One batch of the TL 
tea (Lot A) was used in this study to avoid variations in composition of the plant. An accurately weighed 
of TL tea powder (2.5 g) from Lot A was transferred into a glass tube and 25 mL of deionized water was 
added (1:10 w/v). The tube was placed in an aluminum vessel (500 mL) containing 200 mL of water. The 
vessel was then placed on a heating plate set to 90 °C for 2 h. After that, the mixture was centrifuged at 
5,000 rpm for 15 min and filtered through a Whatman filter paper no. 1. The extraction process was 
repeated for 3 times. The filtrates were combined and evaporated under the same experimental procedure 
described above. The extracts were kept at -20 °C until analysis. The experiment was performed in 
triplicate. Furthermore, to evaluate the variation in active contents of plant materials, the marker contents 
extracts obtained from Lot A and Lot B were compared. 
 

Analytical method validation for the determination of CA and RA 
The HPLC (Waters corporation, MA, USA) instrument was equipped with a binary pump (model 

1525), an autosampler (model 717), a dual wavelength UV detector (model 2487) and a column 
compartment. Samples were separated on a Xterra® C18 reversed-phase column (150 × 3.9 mm2, 5 µm, 
Waters, USA). The detection wavelength was 330 nm. The mobile phase consisted of 0.5 % (v/v) glacial 
acetic acid (A) and acetonitrile (B). The gradient elution was performed as follows: 0.0 - 15.0 min (15 % 
B), 15.1 - 19.0 min (15 - 25 % B), 19.1 - 23.0 min (25 - 15 % B) and 23.1 - 25.0 min (15 % B). The 
column temperature was controlled at 30 ± 2 °C. The injection volume was 20 µl and the flow rate was 
maintained at 1 mL/min with a run time of 25 min. The integrations were performed using Empower 2 
software (Waters, MA, USA). 

The chromatographic method was validated according to the Association of Official Analytical 
Chemistry (AOAC) guidelines for single-laboratory validation of chemical methods for dietary 
supplements and botanicals [23]. Evaluation parameters were specificity, linearity, system suitability, 
intra- and inter day accuracy and precision. The standard stock solutions of CA and RA were prepared in 
methanol at a concentration of 1 mg/mL and stored at -20 °C for a maximum of 1 month. The specificity 
was evaluated by comparison of the HPLC chromatograms of TL extracts with the standard mixtures and 
blank samples (15 % Acetronitrile: 85 % Glacial acetic acid solution (5 % v/v)). The linearity was 



Infusion Condition of T. laurifolia Tea Piyanuch ROJSANGA et al. 
http://wjst.wu.ac.th 

Walailak J Sci & Tech 2020; 17(10) 
 

1081 

assessed by analyzing the series of standard mixtures of CA and RA at 5 concentration levels (1, 5, 10, 20 
and 40 µg/mL). Each concentration was analyzed in triplicate. The standard curves were achieved by 
plotting between the concentrations (x-axis) and peak areas of each standard (y-axis). A regression 
equation of the calibration curve was calculated by regression analysis. The accuracy was examined by 
recovery of known amounts of standards spiked into the sample solutions (5, 10 and 20 µg/mL). Each 
concentration was analyzed in triplicate. Repeatability (intra-day precision) and intermediate precision 
(inter-day precision) were evaluated by analyzing TL extracts on the same day (n = 6) and by 2 analysts 
on 2 different days (n = 12), respectively. The relative standard deviation (RSD) was calculated. The 
system suitability was tested in term of tailing factor, the number of theoretical plates and the relative 
standard deviation for replicate injections of the standard solution (n = 6). 
 

Statistical analysis 
The analysis of variance (ANOVA) was carried out to determine individual linear, quadratic and 

interaction regression coefficient using Design Expert trial version 10.0 (State Ease, Inc.). The fitness of 
the polynomial equation to the response was estimated using coefficient of determination (R2). The terms 
of polynomial equation was considered significantly different at p-value less than 0.05 (p < 0.05). 
 
Results and discussion 

Weight variation and particle size 
The average weight of intact sachet and filled content of the TL tea (Lot A) was 3.077 ± 0.077 and 

2.907 ± 0.082 g, with the % RSD of 2.50 and 2.83 %, respectively, suggesting that the TL tea used in the 
infusion study had uniform weight and content. The mean particle size values (D50) measured by laser 
diffraction for Lot A and Lot B were 118.93 µm (span 4.67 µm) and 120.45 µm (span 6.00 µm), 
respectively, which were not significantly different from each other (p > 0.05). 
 

 
Figure 1 Representative HPLC chromatograms of (A) blank sample (15 % Acetronitrile: 85 % Glacial 
acetic acid solution (5 % v/v)), (B) standard mixture and (C) tea solution prepared under the optimal 
condition. Peaks of 5.38 and 20.69 min are CA and RA, respectively. 
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Validation of the chromatographic method 
An accurate, simple, and reproducible HPLC method was developed and validated for the 

determination of CA and RA in TL extracts. No significant interfering peaks from blank sample and 
standard mixture were observed. Separation of CA and RA was successfully achieved in less than 22 min 
with good resolution. The calibration curves for both investigated compounds showed good linearity 
within the range of 1 - 40 µg/mL. The correlation coefficient was more than 0.999 for all validation 
batches. The average recovery of CA and RA was 102.8 ± 1.1 and 100.5 ± 2.2 %, respectively. The % 
RSD for repeatability was less than 1.3 % for CA and less than 0.6 % for RA. Intermediate precision was 
less than 1.0 and 0.5 % for CA and RA, respectively. For system suitability of CA and RA, the peak 
tailing factors were less than 1.1, the number of theoretical plates were more than 5200, and the % RSD 
for replicate injections were less than 0.3 %. Figure 1 shows representative HPLC chromatograms of 
blank sample, standard mixture and extract of TL tea prepared under the optimal infusion condition. The 
results demonstrated that all of validated parameters were within acceptable ranges for the analytical 
purposes. 
 
 
Table 2 Significant regression coefficients for coded variables of quadratic models. 
 
Parameters Coefficient Standard error p-valuea 
CA         
Intercept 

 
0.0239 6.28E-04 < 0.0001 

Time x1 5.15E-03 4.62E-04 < 0.0001 

Temperature x2 7.01E-03 4.62E-04 < 0.0001 

Volume x3 3.93E-04 4.62E-04 0.4232 

Time × Temperature x1 × x2 -5.54E-03 6.54E-04 < 0.0001 

Time × Volume x1 × x3 -3.66E-03 6.54E-04 0.0008 

Temperature × Temperature x2
2 3.50E-03 6.79E-04 0.0013 

Volume × Volume x3
2 -2.49E-03 6.79E-04 0.0080 

RA         
Intercept 

 
0.3278 0.0205 < 0.0001 

Time x1 0.0369 0.0151 0.0342 

Temperature x2 0.2019 0.0151 < 0.0001 

Time × Time                 x1
2 -0.0803 0.0221 0.0046 

Temperature × Temperature x2
2 0.1993 0.0221 < 0.0001 

 
a significant at the 95 % confidence level. 
 
 

The effect of infusion variables on marker contents 
Table 1 shows the studied variables and obtained responses after preparing tea solutions under 

experimental conditions of BBD. The data was subjected to multivariate analysis and generated 
regression coefficients of the models for all responses are shown in Table 2. The regression of the 
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quadratic model was significant at the 95 % confidence level and the residuals were shown to be random. 
The ANOVA results (Table 3) indicated that the quadratic models showed no lack of fit (p > 0.05) 
suggesting that removing non-significant effects did not affect the model fit. The R2 of multiple 
correlation coefficients of CA and RA contents were 0.9862 and 0.9661, respectively, demonstrating that 
there was a high degree of correlation between observed and predicted values. Therefore, the 
mathematical model was accepted and further used to explain effects of the infusion variables on 
extracted marker contents. 
 
 
Table 3 Analysis of variance of quadratic polynomial models for CA and RA contents. 
 
Sources of variations Sum of square DF Mean square F-value p-valuea 
CA (R2 = 0.9862) 

Regression 8.56E-04 7 1.22E-04 71.47 < 0.0001 
Residual error 1.20E-05 7 1.71E-06   
Lack of fit 7.40E-06 5 1.48E-06 0.65 0.6994 
Pure error 4.57E-06 2 2.29E-06   
Total SS 8.68E-04 14       
RA (R2 = 0.9661) 

Regression 0.5177 4 0.1294 71.30 < 0.0001 
Residual error 0.0182 10 1.82E-03   
Lack of fit 0.0177 8 2.21E-03 8.91 0.1048 
Pure error 4.95E-04 2 2.48E-04   
Total SS 0.5359 14       

DF, degree of freedom; R2, coefficient of determination.  
a significant at the 95 % confidence level. 
 
 

It was found that infusion variables significantly affecting the transfer of CA content were infusion 
time, water temperature and volume, while those for RA content were infusion time and temperature. 
Figure 2 demonstrates the response surface and contour plots of interaction between volume and infusion 
time at different water temperatures (80, 90 and 100 °C) on CA content. The negative quadratic effect of 
volume on CA content indicated that increasing this variable favored CA extraction up to maximum level, 
after which lower CA contents were obtained. This degradation effect may be explained by the slower 
rate of heat loss when larger water volume was used for infusion [17,24]. 

Three-dimensional response surface and contour plots are illustrated in Figure 3 showing the effects 
of temperature and infusion time on the responses, while the water volume was kept constant at 200 mL. 
It was observed that when increasing infusion time and water temperature, the marker contents increased. 
In particular, when the boiling water was used for infusion, the CA and RA content reached the maximum 
level at infusion time of 5 and 10 min, respectively. This may because the raising water temperature could 
increase the solubility and the diffusion coefficient of phenolic compounds, thereby providing higher 
dissolution rates [25]. In the case of RA, the negative quadratic effect of the infusion time indicated that 
increasing this variable favored extraction up to maximum level, after which there was a decrease in RA 
content. Since the long infusion time may result in the degradation of RA, as previously reported that the 
extraction yield of RA from Thymus vulgaris leaves was sensitive to temperature and exposure time [26]. 
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Figure 2 Response surface and contour plots of CA content (mg of CA/g of TL tea) at water temperature 
of (A) 80 °C, (B) 90 °C and (C) 100 °C. Variables: Volume (mL) × Infusion time (min). 
 
 

 
 
Figure 3 Response surface and contour plots of (A) CA content (mg of CA/g of TL tea) and (B) RA 
content (mg of RA/g of TL tea). Variables: Temperature (°C) × Infusion time (min), with the volume 
fixed at 200 mL. 
 
 

Optimization of infusion condition for TL tea 
After obtaining mathematical models with a good fit, it was possible to optimize the infusion 

conditions of TL tea to obtain the maximum marker contents. It was found that the optimal condition was 
as follows: 190.388 mL of boiling water and infusion time of 9.986 min with desirability of 0.916. For the 
practical experiment, the condition employed was 200 mL of boiling water and infusion time of 10 min. 
At this condition, the predicted content of CA and RA were 0.034 and 0.729 mg per 1 g of the tea, 
respectively. The experimental confirmation was performed in triplicate. The results showed that the 
average CA and RA contents were 0.032 ± 0.003 and 0.800 ± 0.032 mg per 1 g of the tea, respectively. 
The % relative error between the predicted and observed values for CA and RA contents was 6.25 and 
8.88 %, respectively. Thus, the model was great predictive ability and could be used to assess the optimal 
infusion condition of TL tea. 

As can be seen in Table 1, the RA content obtained from the optimal condition was higher than 
those obtained from experimental condition no. 4 (Table 1), which performed the infusion in 200 mL of 
boiling water for 15 min. The longer infusion time resulted in less amount of RA, thereby implying the 
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degradation of the marker. These results were in accordance with the previous study as described above 
[26] and the 3-dimensional response surface and contour plots of Figure 3(B). Therefore, temperature 
and time should be carefully optimized to obtain optimal yield of RA. 

 
 Evaluation of extraction efficiency and variation of TL products 

For the evaluation of extraction efficiency, one batch of the TL tea (Lot A) was used in order to 
avoid variations in chemical composition. In addition, for the investigation of chemical variation of plant 
extracts, parameters affecting extraction yield, such as amount of solvent, duration of extraction, and 
particle size should be carefully controlled to obtain reliable results [27]. In this study, the particle size of 
TL tea powder of Lot A and Lot B were not significantly different. Therefore, these 2 lots were used for 
determination of variation of composition. 

The average amount of CA and RA in the aqueous extract prepared by using tea powder of Lot A 
was 0.447 ± 0.023 and 10.148 ± 0.675 mg per 1 g of TL tea powder (Mean ± SD), respectively. As 
described above, the average CA and RA contents obtained from preparing the tea under optimal infusion 
condition were 0.032 and 0.800 mg per 1 g of the tea, respectively. This means that the mount of CA and 
RA was approximately 7.16 and 7.88 % of those contained in the aqueous extracts, respectively. 
Although the active markers, especially for RA, could be degraded during the aqueous extraction process, 
however, it still could be implied that by using infusion method, the major portion of active markers 
remained in the discarded tea powder. Therefore, the infusion process may be considered as poor 
extraction efficiency method. 

For Lot B, the average amount of CA and RA in the aqueous extracts was 0.427 ± 0.019 and 7.872 
± 0.330 mg per 1 g of TL tea powder, respectively. When comparing with Lot A, the amount of CA was 
not significantly different, while the RA content was significantly lower than that of Lot A (p < 0.05).The 
results implied that in addition to the infusion variables, the active contents in the tea solutions may also 
be considerably affected by the variation of plant material. 

From the previous studies, it was reported that the markers or active compounds in plant raw 
material may be varied greatly due to different growing and processing conditions [28,29]. The 
alternative use of standardized TL extract could minimize the variations caused by plant material 
properties and infusion conditions. There would also be benefits in terms of efficacy and quality 
consistency of the herbal medicines [30]. As a result, the optimal condition for preparation of 
standardized TL extract should be further investigated. Furthermore, since RA could be degraded during 
heat-assisted extraction and/or drying processes, alternative methods should be considered. Among these, 
the freeze-drying technique could be considered as a potential method for the preparation of TL extract, 
since it addresses the challenge of preserving heat labile components [31]. 
 
Conclusions 

To our knowledge, this is the 1st study to optimize infusion condition for TL tea in order to achieve 
the maximum marker contents, CA and RA. The results demonstrated that with the different infusion 
conditions, the marker contents varied considerably which may also result in variation in clinical efficacy. 
In this study, the RSM based on BBD was successfully used to assess the optimal infusion condition for 
the TL tea. More importantly, although this tea has been used for decades, the relationship between its 
clinical efficacy and oral dose of TL tea or active markers was still unclear. Once the optimal infusion 
condition is applied in a clinical study, a dose-response relationship of TL tea will be obtained which 
could be further used for determining the oral dose of TL aqueous extract. 
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