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Abstract 

Andrographis paniculata (Burm. f.) Wall. ex Nees (AP) is a medicinal plant widely used 

in the tropical area of Asia. The effects of drying temperature and time on the 

andrographolide (AG) content, total phenolic content (TPC), 2,2-diphenyl-1-

picrylhydrazyl (DPPH) radical scavenging activity and ferric ion reducing antioxidant 

power (FRAP) activity were investigated. A 3×4 factorial completely randomized design 

was performed. Sun drying and hot-air drying at different temperatures (50℃, 60℃ and 

70℃) and different drying times (5 hrs, 6 hrs and 7 hrs) were investigated. The results 

demonstrated that a higher drying temperature and a longer time decreased the AG 

content, the TPC, the DPPH radical scavenging activity and the FRAP activity. Dried AP 

leaves at 50℃ for 5 hrs had the highest AG content. However, sun drying for 5 hrs 

resulted in the greatest TPC, DPPH radical scavenging activity and FRAP activity. 

Therefore, the recommended options for the optimum drying of AP to maintain active 

ingredients were 50℃ for 5 hrs, while sun drying was recommended to maintain 

antioxidant activity. These results provided the basis for further development of dried 

Andrographis paniculata leaf products containing high contents of bioactive and 

antioxidant activity as functional or nutraceutical foods in the future. 

1. Introduction 

Andrographis paniculata (Burm. f.) Wall. ex Nees 

(AP) is a medicinal plant extensively used in tropical 

areas of Asia (Lee et al., 2010; Subramanian et al., 2012; 

Jiao et al., 2019). It is commonly used for symptomatic 

relief of the common cold and fever (Cáceres et al., 

1997). Andrographolide (AG) is a diterpene lactone and 

is the major active ingredient component of AP leaves 

which possess several properties: anticancer (Rajagopal 

et al., 2003) anti-diabetes (Nugroho et al., 2012), anti-

malarial, anti-viral, hepatoprotective (Devaraj et al., 

2010), antihuman immunodeficiency virus (Chang et al., 

1991), anti-bacterial (Arifullah et al., 2013), anti-

inflammatory (Zou et al., 2016), anti-diarrhea (Gupta et 

al., 2008) and antioxidant (Mussard et al., 2020). The 

quality of AP depends on several factors such as the raw 

material, cultivar varieties, growing, parts of plants, time 

collection and post-harvest processing (Pandey and 

Savita, 2017). The post-harvest (drying) is necessary to 

prevent microbial contamination and extend the shelf life 

of herbal products due to moisture content (Gulati et al., 

2020). Therefore, knowledge of methods and drying 

conditions is very important to preserve the quality of a 

given product after harvest, especially regarding 

temperature and time as these are the most important 

process factors during drying. Several studies have 

shown that the bioactive compounds of various plants 

were affected by the drying conditions and drying 

methods (Lemus-Mondaca et al., 2016; Abdul Rahim et 

al., 2021; Komonsing et al., 2022). Hee and Chong 

(2015) demonstrated that drying time for AP was 

significantly affected by temperature using a vacuum 

dryer. In terms of the bioactive compounds, Saohin et al. 

(2007) reported that drying AP at 60℃ resulted in a 

better lactone content than drying at 40℃ or 50℃. In 

addition, several reports have noted significant changes 

in the antioxidant contents and components in plants 

such as apples, mulberry (Morus alba L.) leaves and 

Aloe vera (Aloe barbadensis Miller) due to the drying 

temperature (Katsube et al., 2009; Miranda et al. 2009; 

Demarchi et al., 2013). Many drying methods and 

conditions have been reported for AP leaves, such as 

solar drying (Srisittipokakun et al., 2012) and blanching 
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the AP before using a heat pump dehumidified dryer to 

reduce the drying time and increase the AG contents and 

their antioxidant activity (Tummanichanont et al., 2017). 

In addition, Gulati et al. (2020) reported that the shade 

drying method is preferable to maintain the green color 

and AG content in AP compared to sun drying and 

microwave drying. However, information is limited on a 

suitable temperature and time regarding optimizing the 

bioactive compounds in AP following hot-air drying 

which is a common preservation technique and less 

expensive than other methods, such as freeze-drying, 

microwave-drying and vacuum-drying (Thamkaew et al., 

2021). The objective of this study was to investigate AP 

leaves to identify any changes in the physical properties 

(color, moisture), bioactive compounds (AG content, 

total phenolic content (TPC)) and antioxidant activity of 

dried AP using a hot-air dryer in terms of two drying 

parameters (temperatures and time). 

 

2. Materials and methods 

2.1 Plant materials 

Fresh aerial parts of AP grown for home use 

(approximately 120 days after seeding) were collected in 

Nakhon Pathom province, Thailand in September 2021. 

2.2 Chemicals 

2,2-Diphenyl-1-picrylhydrazyl (DPPH), gallic acid, 

Folin-Ciocalteu phenol reagent and 6-hydroxy-2,5,7,8-

tetramethylchromane-2-carboxylic acid (Trolox) were 

purchased from Sigma-Aldrich (Switzerland). 

Acetonitrile and methanol were purchased from J.T. 

Baker (the Netherlands). 

2.3 Sample preparation and drying of Andrographis 

paniculata leaves 

The fresh AP samples were washed with tap water to 

remove dirt and soil. Then, 100 g subsamples were 

subjected to 12 different drying conditions: sun drying 

for three periods (5 hrs, 6 hrs and 7 hrs) and hot-air 

drying (UT 6420; Heraeus; Germany) at three 

temperatures (coded as T50, T60 and T70 for hot-air 

drying at 50℃, 60℃ and 70℃, respectively) for three 

periods (5 hrs, 6 hrs and 7 hrs) with an air velocity of 1.6 

m/s. The relative humidity in the hot-air oven was 

maintained at 40-50%. The dried AP subsamples were 

powdered separately by grinding before being used for 

further analysis. 

2.4 Extraction  

Dried, powdered AP (0.2 g) was extracted with 10 

mL of methanol using an ultrasonic bath (Elma; 

Germany) at 40 kHz for 30 mins. The extract was passed 

through WhatmanTM No.1 filter paper before analysis. 

2.5 Physical measurements 

2.5.1 Moisture content determination 

The moisture content was measured by drying fresh 

AP samples (5 g) at 105℃ in a drying oven (Heraeus; 

Germany) using a standard method (Association of 

Official Analytical Collaboration (AOAC) International, 

2012). 

2.5.2 Color measurement 

The color value of the dried AP samples was 

measured using a colorimeter (HunterLab; Ultrascan Pro; 

USA) in terms of the CIE (L*, a* and b*) color system. 

2.6 Bioactive analysis 

2.6.1 Analysis of andrographolide content using high 

performance liquid chromatography 

The AG content was quantified using high 

performance liquid chromatography (LC-20AD; 

Shimadzu; Japan). The solution (1 µL) was injected on 

reverse phase in an Inertsil ODS-3 C18 column (internal 

diameter = 5 µm, 250 mm × 4.6 mm) with 70% (v/v) 

acetonitrile and a flow rate of 1 mL/min at 30℃ fitted 

with photodiode array detector (230 nm). 

2.6.2 Total phenolic content measurement 

The TPC of the AP extracts was determined 

according to Ceymann et al. (2012) with some 

modifications. Briefly, each of the diluted AP extract 

sample (0.5 mL) was added to 1 N Folin-Ciocalteu 

reagent (1.25 mL) and reacted for 30 mins. Then, 10% 

sodium carbonate (1.25 mL, w/v) was added to the 

mixture. The absorbance of each mixture was determined 

at 760 nm after 30 mins incubation at 37℃. The TPC 

was calculated using a gallic acid standard in terms of 

milligrams of gallic acid equivalent (GAE) per 1 g of 

sample. 

2.7 Antioxidant activity measurement 

2.7.1 2,2-Diphenyl-1-picrylhydrazyl radical 

scavenging activity 

The DPPH radical scavenging activity was 

conducted according to Vieira et al. (2011) with some 

modifications. The extracts were added with 0.1 mM 

DPPH in methanol and left in the dark at room 

temperature. After 30 mins incubation, the absorbance 

was measured at 517 nm using a spectrophotometer (UV

-1900; Shimadzu; Japan). The DPPH radical scavenging 

activity was expressed as milligrams of Trolox 

equivalent per 1 g of sample. 

2.7.2 Ferric reducing/antioxidant power 

determination 

Ferric ion reducing antioxidant power (FRAP) assay 
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was performed using a modified method of Benzie and 

Strain (1996). Briefly, 50 μL of AP extract was added to 

the FRAP reagent (1.5 mL) and mixed well. The 

absorbance was measured at 593 nm using a 

spectrophotometer (UV-1900; Shimadzu; Japan) after 4 

mins incubation. The FRAP activity was calculated in 

terms of milligrams of Trolox equivalent per 1 g of 

sample. 

2.8 Statistical analysis 

All data were expressed as the mean ± SD of three 

replicates. Statistical analysis of differences was 

performed using Duncan’s test in the SPSS for 

Windows, Version 14.0 (SPPS Inc., USA). 

 

3. Results and discussion 

3.1 Effect of temperature and time on color and moisture 

content 

The color of a dried herb is an important indicator of 

herb quality, with the color change of material being 

affected by the main factors of temperature and drying 

time during the drying process (Prachayawarakorn et al., 

2004). All dried samples were green with slightly 

reduced compared to the fresh samples (Figure 1). This 

agreed with the a* values of the dried samples which 

were negative values (Figure 2). The current results 

showed that temperature and time significantly affected 

lightness (L*) greenness (a*) and yellowness (b*), as 

shown in Figure 2. The negative a value (indicating all 

green color samples) varied from -7.83 to -10.02. The 

lowest a value was obtained from T50 dried for 5 hrs 

with decreased greenness, followed by sun drying, T70 

and T60, respectively. The greenness reduction may 

have been the result of the higher drying temperature and 

the degradation of pigment, such as chlorophyll II. The 

results were consistent with Tummanichanont et al. 

(2018) who reported that a darker green color resulted 

from a longer drying time for AP at 60℃. The b values 

(defining the yellowness of samples) varied from 14.20 

to 18.87, as shown in Figure 2. Drying at T50 for 5 hrs 

resulted in the highest b value (Figure 2). The highest L 

value was observed in dried AP at T50 which was 

significantly different from T60, T70 and sun drying. 

Drying at T70 for 7 hrs resulted in a lower lightness 

value. Low lightness (L*) values due to the longer drying 

temperature and time could have resulted from non-

enzymatic browning reactions (Baisier and Labuza, 

1992) which rely on the water activity and temperature 

of the food (Saguy and Karel, 1980). 

The moisture content of fresh samples was 

75.70±1.20%; it reduced by 90-98% after drying. These 

values varied from 1.06±0.07% to 7.47±0.15% (Figure 

3) which were lower than the recommended herbal 

powder moisture content (10% w/w), according to the 

Food and Drug Administration, Ministry of Public 

Health (2000). The data demonstrated that temperature 

and time significantly affected the moisture content 

(Figure 3). Increasing the temperature and time 

decreased the moisture content (Figure 3) with the 

decreasing moisture content trend indicated by sun 

drying > T50 > T60 > T70. These results were supported 

by Lemus-Mondaca et al. (2016) who reported that the 

moisture content decreased with increased drying time 

and temperature in Stevia rebaudiana. 

 

Figure 1. Appearances of the fresh and dried Andrographis 

paniculata from different drying conditions, where T50, T60 

and T70 = hot air drying at 50℃, 60℃ and 70℃, 

respectively. 

Figure 2. Effect of interaction between drying temperature and time on color of Andrographis paniculata, where T50, T60 and 

T70 = hot air drying at 50℃, 60℃ and 70℃, respectively. Bars with different notations are statistically significantly different 

within the same trait at p<0.05. Error bars indicate SD. 
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3.2 Effects of drying temperatures and times on bioactive 

compound and antioxidant activity of Andrographis 

paniculata 

AG is a diterpenoid and it is a major active 

compound in AP. The AG percentages in AP after sun 

drying and hot-air drying are shown in Figure 4. The AG 

percentage following sun drying was lower than 

following hot-air drying. Temperature and time 

significantly affected the AG percentage, the longer the 

time and the higher the temperature, the lower the AG 

percentage. The highest AG percentage was from drying 

at T50 for 5 hrs (8.30±0.76% w/w), as shown in Figure 

4. The results were consistent with Tummanichanont et 

al. (2018) who reported that the AG percentages of dried 

AP leaves after different drying methods and stored at a 

lower temperature (25℃) were higher than those stored 

at a higher temperature (35℃). In addition, the current 

results were consistent with Saohin et al. (2007) who 

reported that the total lactone content (active ingredient 

diterpene) of dried AP leaves after drying for a longer 

period (60℃, 8 hrs; 9.97±0.01% w/w) was lower than 

drying for a shorter period (60℃, 3 hrs; 13.06 ± 0.04% 

w/w).  

The results indicated that temperature significantly 

affected the stability of all phenolic compounds which 

Figure 3. Effect of interaction between drying temperature and 

time on moisture content of Andrographis paniculata, where 

T50, T60 and T70 = hot air drying at 50℃, 60℃ and 70℃, 

respectively. Bars with different notations are statistically 

significantly different within the same trait at p<0.05. Error 

bars indicate SD. 

Figure 4. Effect of interaction between drying temperature and 

time on andrographolide (AG) content of Andrographis 

paniculata, where T50, T60 and T70 = hot air drying at 50℃, 

60℃ and 70℃, respectively. Bars with different notations are 

statistically significantly different within the same trait at 

p<0.05. Error bars indicate SD. 

Figure 5. Effect of interaction between drying temperature and 

time on: (A) total phenolic content (TPC); (B) 2,2-diphenyl-1-

picrylhydrazyl (DPPH) radical scavenging activity; (C) ferric 

ion reducing antioxidant powder activity (FRAP) of 

Andrographis paniculata, where T50, T60 and T70 = hot air 

drying at 50℃, 60℃ and 70℃, respectively. Bars with 

different notations are statistically significantly different 

within the same trait at p<0.05. Error bars indicate SD. 
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reduced the TPC, whereas the drying time did not affect 

the TPC. Figure 5A shows slight reductions in the TPC 

at all temperatures throughout drying. The highest TPC 

was for sun drying, almost twice that of the lowest TPC 

(T70). The results were similar to those reported by 

several researchers; López-Vidaña Erick et al. (2017) 

reported that the TPC decreased with increasing 

temperature and time in fruit and vegetables (berries, 

plums, tomatoes and ginger). In addition, Riehle et al. 

(2013) demonstrated that TPC stability could be affected 

by temperature in herbal infusions. The loss in the TPC 

may be due to oxidative enzymes being activated 

resulting in polyphenol degradation during the drying 

process (Toor and Savage, 2006). 

Drying temperature significantly affected the DPPH 

radical scavenging antioxidant and FRAP antioxidant 

capacities (Figure 5B, 5C). The effects of temperature 

and time measured using the FRAP and DPPH methods 

were similar, however, the FRAP method produced a 

slightly higher antioxidant activity value. The order of 

DPPH and FRAP antioxidant activities was sun drying > 

T50 > T60) > T70. The highest antioxidant capacities 

were in sun drying at 5 hrs (15.73±0.20 mg/g dry weight 

as Trolox, 14.53±0.17 mg/g dry weight as Trolox by 

DPPH and FRAP, respectively), as shown in Figure 5B 

and 5C. Drying at T70 resulted in the lowest antioxidant 

activity, with an almost 75% reduction compared to sun 

drying (Figure 5B). These findings were consistent with 

other studies where increasing the drying temperature 

decreased the antioxidant capacity in different plant and 

fruit samples (Niamnuy et al., 2014; Harakotr et al., 

2014, Ghafoor et al., 2019). The decrease in the 

antioxidant activity of samples may have been due to the 

declining levels of TPC. However, the decrease in the 

DPPH and FRAP antioxidant values in the AP dried 

samples might have been due to losses of antioxidant 

components after increasing the temperatures and a long 

process time. These results showed that the correlation 

between antioxidant activity and TPC was in the range 

0.770-0.894 indicating that these were strongly 

positively correlated. In contrast, the AG content was 

weakly related to antioxidant activity, TPC and moisture 

(Figure 6). 

 

4. Conclusion  

The higher temperature and longer drying time 

decreased the amounts of active compounds and the 

effectiveness of antioxidants in the AP extract. 

Additionally, it also had a significant influence on the 

moisture and color of the final product. Thus, it is 

important to consider the most suitable drying 

conditions. The results from the current study with AP 

leaves suggested that suitable drying conditions to 

maintain active ingredients were 50℃ for 5 hrs, while 

sun drying was recommended to maintain antioxidant 

activity. Based on this study, a high correlation was 

observed between total phenolic content with AP leaves 

antioxidant capacity determined by DPPH and FRAP 

assays. Thus, this plant could be considered an important 

source of high antioxidant biologically active 

components as functional or nutraceutical foods in the 

future. 
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