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ABSTRACT. The leaves of Plectranthus amboinicus (Lour.) Spreng. (Lamiaceae) is a perennial plant that contained 

flavonoids compounds with have antidiabetic properties. The aim of the work was to select the best solvent for extraction of 

the flavonoid compounds from torbangun leaves. A statistical simplex-centroid mixture design for the water, ethanol, and 

hexane solvents has been used to the extraction of extract yield, flavonoids content, and inhibitory α-glucosidase activity of 

torbangun leaves.  The ethanol-water extracts showed the highest extract yield with value of 15.92%. The ethanol-hexane 

extracts presented the highest total flavonoids content, 96.30 mg QE/g, followed by hexane extract (82.91 mg QE/g). The 

ethanol extract recorded higher inhibitory of α-glucosidase activity, with value of 25.53%, followed by hexane extract 

(25.21%), and ethanol-water extract (23.02%). The weak correlation between the α-glucosidase inhibition and total 

flavonoids content showed that flavonoids contribute non-significantly to the α-glucosidase activity. 
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INTRODUCTION 

Plectranthus amboinicus (Lour.) Spreng., family 

Lamiaceae and commonly known as torbangun 

name in Indonesia, is a perennial plant that 

distributed in Asia, Australia, and Tropical Africa 

(Lukhoba, Simmonds, & Paton, 2006).  In the 

Bataknese people of Indonesia, torbangun leaves 

have been traditionally used for lactating women as 

a breast milk stimulant (Damanik, Wahlqvist, & 

Wattanapenpaiboon, 2006). In the herb medicine, 

the torbangun leaves have been used for anti-

rheumatic (Chang, Cheng, Hung, Chung, & Wu, 

2010), anti-diarrhea (Shubha & Bhatt, 2015), anti-

bacterial (Aguiar et al., 2015; Vijayakumar, Vinoj, 

Malaikozhundan, Shanthi, & Vaseeharan, 2015), 

anti-fungi (Murthy, Ramalakshmi, & Srinivas, 2009), 

anti-streptococcal (Zhang, Wijesundara, Abbey, & 

Rupasinghe, 2017), anti-inflammatory and antitumor 

(Gurgel et al., 2009), and anti-diabetic (Govindaraju 

& Arulselvi, 2018) activities.   

Polyphenolics, such as flavonoids compounds, are 

one of the secondary metabolites which contained in 

the torbangun leaves (El-hawary, El-sofany, Abdel-

Monem, Ashour, &  Sleem, 2012).  They are an 

interesting material studied due to their several 

pharmacological activities such as inhibitors of the 

human UDP-glucuronosyltransferase 1A1 (Liu et al., 

2019), inhibitors of α-glucosidase (Zhu et al., 2019) 

and α-amylase (Martinez-Gonzalez, Díaz-Sánchez, 

de la Rosa, Bustos-Jaimes, & Alvarez-Parrilla, 2019), 

antioxidant and anti-inflammatory (G.-L. Chen, Fan, 

Wu, Li, & Guo, 2019), and antiplasmodial (Tuenter 

et al., 2019) activities.  

The simplex-centroid design has been used as a 

statistical tool to optimize the flavonoids extraction in 

the system. This statistical method has been 

successfully applied to several medicinal plants 

including Scirpus holoschoenus (Oussaid et al., 

2017), Monascus purpureus (Handa, de Lima, Guelfi, 

Georgetti, & Ida, 2016), Coffee arabica 

(Marcheafave et al., 2019), and Tagetes patula 

(Munhoz et al., 2014). In addition, the solvent type 

was one of the factors in the extraction technique that 

successfully applied for laboratory and industry 

(Cvjetko Bubalo, Vidović, Radojčić Redovniković, & 

Jokić, 2018; Płotka-Wasylka, Rutkowska, Owczarek, 

Tobiszewski, & Namieśnik, 2017). Dirar et al., (2019) 

reported that the solvents system ethanol-acetone 
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were found as the best extraction solvent for the 

phenolic compound from Flos Sophorae Immaturus. 

Other study showed which the binary mixtures of 

water-acetone solvents could be used for obtaining 

the highest flavonoid extracted from chia seeds 

(Alcântara et al., 2019). 

In recent year, there was no study focus on 

optimizing the flavonoids extraction from torbangun 

leaves with using the simplex-centroid design. 

Therefore, we have tried to optimize the solvent type 

and their mixtures on the extract yield, flavonoids 

contents, and activity of α -glucosidase inhibition 

from torbangun leaves. This study used a simplex-

centroid model with water, ethanol, and hexane as 

solvents to optimize the flavonoids extraction in 

torbangun leaves. All the extracts were furthermore 

determined for preliminary evaluation of antidiabetic 

activity with using mechanism by α -glucosidase 

inhibition. 

 

EXPERIMENTAL SECTION  

Plant material and preparation 

Plectranthus amboinicus (torbangun) leaves were 

obtained from farmer’s garden in Sentul, Bogor, 

West Java, Indonesia in September 2018. The 

torbangun sample was confirmed and deposited at 

Tropical Biopharmaca Research Center, IPB 

University. Torbangun leaves were cleaned, washed 

and dried for three days at 50 C. Dried torbangun, 

with water content < 10%, was ground using the 

grinder and passed through a 100-mesh sieve. 

 

Simplex-centroid design for extraction of torbangun 

leaves  

Extraction solvents system were mixtures of 

ethanol, water,  and  hexane,  in  consist  amounts  

according  to the simplex-centroid design in Figure 1. 

Approximately 15 g of  the  dried  torbangun  leaves  

powders was extracted  with 100 ml  of  the  solvents  

system  in  Table 1. The mixtures were placed in the 

shaker and then macerated in room temperature with 

shaking at 120 rpm for 24 h. Thereafter, solutions 

were filtered with Whatman type 4. Finally, the 

solvent was removed in a rotary evaporator at 50 C 

to obtain the extract. The percentage of extract yield 

was calculated. The extracts obtained were analyzed 

separately    for   total   flavonoids   content   and   

α-glucosidase  inhibitory  activity.  

 

Analysis of total flavonoids content 

The total flavonoids content was determined using 

the aluminum trichloride method ([BPOM] Badan 

Pengawas Obat dan Makanan, 2004). In a 25 mL 

glass volumetric, the sample or quercetin standard 

(10 mL) was added with 1 mL 10% aluminum 

trichloride solution (AlCl3) and acetic acid in 

methanol up to 25 mL. After incubation at room 

temperature for 30 min, the absorbance sample was 

measured with a spectrophotometer at wavelength 

425 nm. The standard quercetin concentration was 

1-20 g/mL, and the absorbance result was used to 

construct the calibration curve. The total flavonoid 

content was determined based on the calibration 

curve of quercetin and expressed as mg quercetin 

equivalent per g extract (mg QE/g). All 

determinations were carried out in three replications. 

  

 

 

Figure 1. The three axial mixture points of simplex-

centroid design used to optimize different solvent on 

the extraction process. 

 

Table 1. The composition of solvents system among water, ethanol, and 

hexane in the simplex-centroid design 

Extract (code) 

Solvents mixture 

A B C 

Water Ethanol Hexane 

Water (w) 1.0 0.0 0.0 

Ethanol (e) 0.0 1.0 0.0 

Hexane (h) 0.0 0.0 1.0 

Water-ethanol (w:e) 0.5 0.5 0.0 

Ethanol-hexane (e:h) 0.5 0.0 0.5 

Water-hexane (w:h) 0.0 0.5 0.5 

Water-ethanol-hexane (w:e:h) 0.33 0.33 0.33 
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Assay for α-glucosidase inhibitory activity 

The inhibitor α-glucosidase activity of the extracts 

was evaluated using the method described by 

(Sancheti, Sancheti, & Seo, 2009). The analysis was 

conducted in a 96-well plate. The wells, contained 10 

L of samples (100 g/mL)  were  added  with 50 L 

of 0.1 M phosphate buffer  (pH 7),  25 L of 0.04 

U/mL α-glucosidase, and 25 L of 0.5 mM p-

nitrophenyl-α-D glucopyranoside. 

The control contained buffer without enzyme. The 

mixtures were incubated at 37 C for 30 min and 

stopped using 100 L of 0.2 M Na2CO3. The 

absorbance was measured using microplate reader 

at 410 nm. All analyses were measured in triplicates, 

and inhibitory activity (%) of the extract was 

determined using the following formula: 

Inhibitory activity (%) = [Acontrol – Asample)/Acontrol] x 100% 

Modeling of the experimental data and statistical 

analysis 

The designing the combination, analyzing the 

data, fitting the models, and optimizing the solvents 

proportions was used Design-Expert software version 

11. The results were used to compute the predicted 

equations. ANOVA with Duncan test at (p < 0.05) 

was performed to evaluate the statistical significance 

of each response value using SPSS version 25. The 

heatmap correlation was constructed with 

MetaboAnalystR 2.0 (Chong, Yamamoto, & Xia, 

2019). 

 

Figure 2. The percentage of extract yield in 

torbangun leaves extracted using the simplex-

centroid design. w = water; e = ethanol; h = 

hexane; w:e = water-ethanol;  e:h = ethanol-

hexane; w:h = water-hexane; w:e:h = water-

ethanol-hexane. *Mean  standard deviation of 

three replicates. Values are marked with different 

letters indicate statistically significant difference 

using Duncan test at P < 0.05. 

 

Figure 4. Total flavonoid content of different extractsf 

torbangun leaves. w = water; e = ethanol; h = 

hexane; w:e = water-ethanol;  e:h = ethanol-hexane; 

w:h = water-hexane; w:e:h = water-ethanol-hexane. 

*Mean  standard deviationof three replicates. Values 

are marked with different letters indicate statistically 

significant difference using Duncan test at P < 0.05. 

 

Figure 3. Response curves of the optimized solvents 

extraction of extract yield in torbangun leaves as a 

function of the solvents system proportion of water, 

ethanol, and hexane 

 

Figure 5. Response curves of the optimized solvents 

extraction of total flavonoid content in torbangun 

leaves as a function of the solvents system proportion 

of water, ethanol, and hexane 
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RESULTS AND DISCUSSION 

Optimization of solvents extraction 

Regarding the solvents extraction from torbangun 

leaves, the solvent system water-ethanol was 

significant (p < 0.05)  for  the  response  functions  

extraction  yields (Figure 2).  

The best responses (extract yield = 15.92%) was 

estimated when the same solvents system proportions 

(0.5:0.5, v/v, water-ethanol). Comparing the mean 

of extract yields demonstrated the following trend: 

extract yield from pure solvents (6.33%) < binary 

solvent combinations (9.17%) < ternary solvent 

combinations (10.56%). In pure solvents, hexane 

gave the lowest extract  yield  while  ethanol  gave  

the  maximum  yield with  water producing middle 

yields. For the extract yields from binary solvent 

combinations, higher extract yield was obtained with 

water-ethanol mixtures and followed by ethanol-

hexane and water-hexane binary solvents system 

mixtures. Likewise, Patel, Mahobia, Sheikh,  Upwar, 

& Singh (2010) reported  that  the ethanol and water 

solvent showed extraction best effectively for extract 

yields in torbangun leaves.  

The extract yield was recorded to evaluate the 

optimize of the extraction solvent used on torbangun 

leaves. Figure 3 shows the obtained contour plot that 

gives information about the primary and interaction 

effects of the solvent proportions for extract yield in 

torbangun leaves. The quadratic model gave the best 

fit the response of extract yield with a value of R
2
 = 

0.99. The maximum value on the contour curve 

demonstrated at positions 4 (water-ethanol, 1:1). 

Total flavonoids content 

The ethanol-hexane extract exhibited the highest 

total flavonoids content (96.30 mg QE/g), in which 

the water extract was the lowest one (9.27 mg QE/g) 

(Figure 4). The total flavonoids content in this study 

was higher than ethanol extract (8.85 mg QE/g), 

acetone extract (6.50 mg QE/g), and butanol extract 

(2.56 mg QE/g) of India torbangun leaves from 

previously reported (Sulaiman, Deepak, & 

Balachandran, 2018).  

The contour curves for total flavonoids content as 

a function of the proportion composition of ethanol, 

water and hexane is exhibited in Figure 5. ANOVA 

was applied to the linear, quadratic, and special 

cubic models, and the linear model was presented 

significant lack of fit at the 95% confidence level for 

flavonoids content.  

The response surface a highest value for 

flavonoids content of torbangun leaves can be found 

with an ethanol-hexane (1:1) binary compositions, 

while the water solvent was lowest. In pure solvent, 

the maximum value for flavonoids content was 

obtained by hexane solvent extraction, followed by 

ethanol and water solvents. Thus, the hexane and 

ethanol were the optimize solvent for extracting 

flavonoids compound from torbangun leaves. Several 

studies have reported that there are flavonoids types 

of torbangun leaves which less soluble in water, such 

as chrysoeriol, cirsimaritin, eriodictol, luteolin, 

salvigenin, quercetin, 5,41-dihydroxy-6,7-dimethoxy 

flavone, 5,41-dihydroxy-3,7-dimethoxy flavone, 5-O 

methyl-luteolin,3,5,7,31,41-pentahydroxy flavanone, 

and apigenin (Bhatt, Joseph, Negi, & Varadaraj, 

2013; Y.-S. Chen et al., 2014; El-hawary, El-sofany, 

Abdel-Monem, & Ashour, 2012; Ragasa, Pendon, 

Sangalang, & Rideout, 1999).  

In previous studies have shown that flavonoids 

torbangun leaves less soluble in water. Several 

studies has been reported the best solvent extraction 

for flavonoids compound such as ethanol and 

acetone (Dirar et al., 2019), water-acetone 

(Alcântara et al., 2019), acidified solvents of water, 

acetone, ethanol, and methanol (Arivalagan et al., 

2018). 

 

 

Figure 6. The -glucosidase inhibitory activity of 

different extracts of torbangun leaves. w = water; e 

= ethanol; h = hexane; w:e = water-ethanol; e:h = 

ethanol-hexane; w:h = water-hexane; w:e:h = 

water-ethanol-hexane. *Mean  standard deviation 

of three replicates. Values are marked with different 

letters indicate statistically significant difference 

using Duncan test at P < 0.05. 

 

Figure 7. Response curves of the optimized solvents 

extraction of  -glucosidase inhibitory activity in 

torbangun leaves as a function of the solvents 

system proportion of water, ethanol, and hexane 
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Figure 8. The overlay plot of the responses value for extract yield, total flavonoid content, and -

glucosidase inhibition from optimized solvent extraction of torbangun leaves. The graph constructed by 

constrains criteria in range (0-1) for solvents and maximize for extract yield (4.37 to 15.92), total 

flavonoids content (9.27 to 96.3), and -glucosidase inhibition (5.87 to 25.53). 

 

 

Figure 9. Heatmap showing correlation of the total flavonoids content, extract yield, and α-glucosidase 

inhibitory  activity  in  the  torbangun  leaves  extracts.  The  color  in  the  heatmap  scales  ranges  

from -1 (green) to 1 (red) that reflected correlation of individual pair of types.  
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The response surface for α-glucosidase inhibition 

as a function the percentage mixtures of water, 

ethanol, and acetone is presented in Figure 7.  The 

result of α-glucosidase inhibition can be expressed 

for model analysis by the quadratic model. In this 

case water-ethanol, water-hexane, and ethanol-

hexane are not significant model terms for  -

glucosidase inhibitory activity response on torbangun 

leaves extracts. By likening the results, unique can 

observe that pure ethanol and hexane showed higher 

inhibitor α-glucosidase activity, followed by the pure 

water and water-ethanol binary solvents system.  

Optimization result 

Figure 8 presented the overlay plot and 

desirability of the extract yield, total flavonoid 

content, and -glucosidase inhibition in torbangun 

leaves. The solvent mixtures  of  water-ethanol  

(0.19:0.81)  were  selected  as an optimize solvent as 

significantly fitted suitable with parameters maximum 

impact of extraction yield, total flavonoids content, 

and -glucosidase inhibitory activity from torbangun 

leaves. The desirability of this optimized solvent was 

0.72. According to Trini, Rimbawan, Maria, & 

Ekowati (2015), the ethanol extract of torbangun 

leaves exhibit significant potential for 

antihyperglycemic activity. The ethanol extract from 

torbangun leaves in this report showed in line than 

previously reported one. Therefore, a mixture of 

ethanol and water solvents can be used for obtaining 

extract rich in flavonoids and with high -glucosidase 

inhibitory activity from torbangun leaves. 

 

Statistical analysis heatmap correlation 

The several studies were reported a positive 

correlation between total flavonoid content and -

glucosidase inhibition activity (Figueiredo-González 

et al., 2018; Sheliya et al., 2015). Figure 9 showed 

no correlation between the α-glucosidase inhibition 

and total flavonoids content in torbangun leaves 

extract. This result indicated that there is another 

compound in torbangun leaves that responsible for 

α-glucosidase inhibition. Yuliana, et al., (2018) 

isolated flavonoid and terpenoid from leaf methanol 

extract to evaluate of α-glucosidase inhibition and 

found that terpenoid more active than flavonoid. This 

report is in accordance with the results presented 

here for hexane extract and ethanol extract.  

 

CONCLUSIONS 

Extraction of flavonoid compounds with -

glucosidase inhibitory activity from torbangun leaves 

was optimized using the simplex centroid design. The 

flavonoids of torbangun leaves were best extracted 

with the solvent system ethanol-hexane (1:1) 

mixtures. Pure solvent of ethanol and hexane were 

presented maximum of the -glucosidase inhibitory 

activity from torbangun leaves. 
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