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Abstract 

 

Diabetes mellitus (DM) is an important metabolic disease due to its worldwide increasing prevalence. Dendrobium 

nobile Lindl. is used in traditional Chinese medicine and has been reported to have antidiabetic activity. In this study, several 

extraction methods, including microwave-assisted extraction (MAE), were applied to D. nobile and the extracts were investigated 

for α-glucosidase inhibition potency. The optimal MAE conditions maximizing α-glucosidase inhibition were 540 W power, 60 

sec extraction time, 40 mL/g solvent-to-feed ratio, and three extraction cycles. Our results show that MAE of D. nobile gave 

stronger inhibition of α-glucosidase with lower IC50 and faster extraction than the other extraction methods. IC50 of D. nobile 

extract was related to phenolic content with correlation -0.878, indicating that phenolics were the active compounds inhibiting α- 

glucosidase in these plant extracts. 
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1. Introduction 
 

Diabetes mellitus (DM) is a chronic non-com-

municable disease associated with abnormal metabolism 

unable to control blood glucose. Metabolic disorders cause 

complicated conditions such as cardiovascular disease, kidney 

disease, eye disease, and nerve damage. The World Health 

Organization reported that diabetic patients have increased 

from 180 million people in 1980 to 422 million people in 

2014. It has been predicted that DM will increase to 642 

million people by 2040, by the International Diabetes 

Federation, so diabetes mellitus is currently a most significant 

 
health emergency (International Diabetes Federation, 2015; 

Roglic & World Health Organization, 2016). The α-glucosi-

dase inhibitors are a class of drugs prescribed in type 2 DM, 

such that inhibit intestinal α-glucosidase enzyme thereby 

reducing intestinal carbohydrate digestion and absorption, 

which lead to lesser glucose absorption into the blood. 

Acarbose, voglibose, and miglitol are α-glucosidase inhibitors 

available commercially. However, the drugs are poorly 

absorbed into the blood and have gastrointestinal side effects 

(Ajmal Shah, Khalil, Ul-Haq, & Panichayupakaranant, 2017; 

American Diabetes Association, 2017; Bhupathiraju & Hu, 

2016). Therefore, combining an α-glucosidase inhibitor with 

other types of antidiabetic drugs is the preferred treatment, 

because this can increase the reducing of HbA1c and 

postprandial glucose from using α-glucosidase inhibitor alone 

(Schmeltz & Metzger, 2007; Sonia et al., 2014). 
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Recently, functional foods that inhibit α-glucosidase 

have become an alternative dietary supplement for diabetes 

patients. The stems of various Dendrobium species have been 

used both in medicine and in foods, and they are known as 

“Shihu” (Lam et al., 2015; Teixeira da Silva & Ng, 2017). 

Shihu has benefits against diseases or symptoms associated 

with thirst, fever, diabetes, and atrophic gastritis. At present, 

the China Food and Drug Administration lists Dendrobium 

species as a nutrition food source. There are many functional 

food alternatives, such as wine, juice, tea, porridge, and soup 

(Xu & Wang, 2015). For antidiabetic effects, α-glucosidase 

inhibitory activity of compounds in various species of 

Dendrobium have been reported for phenolic compounds 

(loddigesiinols G–J, crepidatuol B from  D. loddigesii, 

gigantol from D. devoniannum, 3,4-dihydroxy-3,4-dime-

thoxybibenzyl, dendrofalconerol A from D. tortile, batatasin 

III, dendrosinen B from D. infundibulum and 5-Methoxy-7-

hydroxy-9,10-dihydro-1,4-phenanthrenequinone from D. 

formosum), alkaloids (shihunine from D. loddigesii and 

anosmine from D. nobile), flavonoids (5-hydroxy-3-methoxy-

flavone-7-O-[-D-apiosyl-(1→6)]--D-glucoside from D. 

devoniannum, (2S)-eriodictyol from D. tortile), polysaccha-

rides from D. devoniannum and polar extract from D. 

loddigesii, D. nobile and D. officinale (Chen et al., 2018; 

Inthongkaew et al., 2017; Li et al., 2018; Limpanit et al., 

2016; Lu et al., 2014; Na Ranong et al., 2018; Sun et al., 

2014). Among these, D. nobile is one of the main sources of 

Shihu and has been listed in the Chinese Pharmacopoeia 

(Tang & Eisenbrand, 1992; Xu & Wang, 2015). Anosmine 

and polar extract of D. nobile have α-glucosidase inhibitory 

activity with IC50 17.7 and 396.7 μg/mL, respectively (Chen et 

al., 2018). 

The extraction process is an initial substantial step 

in a medicinal plant study, providing enriched crude extract. 

Traditional extraction methods such as maceration, water 

percolation, soxhlet extraction, etc. require large solvent 

volumes and long extraction times (Azmir et al., 2013; Nn, 

2015). Microwave-assisted extraction (MAE) is a new ex-

traction method that was developed for increasing extraction 

efficiency and decreasing the volume of solvent, while 

shortening the extraction time. In microwave extraction 

electromagnetic energy is transmitted to plant cells, and it is 

converted to heat energy by molecular interactions, destroying 

plant cells. This releases active compounds from the cells 

(Veggi, Martinez, & Meireles, 2012). MAE reportedly is 

effective for extracting active compounds, in comparison with 

other extraction methods. Microwave-assisted extraction gave 

a higher yield than other extraction methods of gymnemage-

nin from Gymnema sylvestres (Mandal, Dewanjee, & Mandal, 

2009) and of triterpenoid saponins from Ganoderma atrum 

(Chen, Xie, & Gong, 2007). 

In this study, the MAE of D. nobile was optimized, 

and α-glucosidase inhibitory activity of the obtained extract 

was studied. Correlations between the substance groups and α-

glucosidase inhibition were also investigated. 

 

2. Materials and Methods 
 

2.1 Chemicals and materials 
 

Gallic acid, quercetin, α-glucosidase from Saccha-

romyces cerevisiae (EC 3.2.1.20), and p-nitrophenyl-α-D-

glucopyranoside (pNPG) were purchased from Sigma-Aldrich 

Chemicals Co. (MO, USA). Aluminium chloride (AlCl3) was 

purchased from Ajax Finechem Pty Ltd (NSW, Australia). 

Folin-Ciocalteu reagent was obtained from Loba Chemie Pvt. 

Ltd. (Mumbai, India). Acarbose was obtained from LKT 

Laboratories, Inc. (St. Paul, MN, USA). Sodium carbonate 

(Na2CO3) was obtained from Nacalai Tesque, Inc. (Kyoto, 

Japan). All other solvents were analytical grade. 

 

2.2 Plant material  
 

Dried stems of D. nobile were obtained from an 

agricultural park (Khon Kaen University, Khon Kaen, Thai-

land). The plant samples were dried at 50oC in an oven for 48 

hours. The dry samples were ground into powder and passed 

through a sieve before extraction. 

 

2.3 Preparation of plant extracts 
 

2.3.1 Microwave-assisted extraction (MAE) 
 

The experiments were performed using a household 

microwave (MM717CKC, Media) with a frequency of 2,450 

MHz and a 700 W maximum power. For MAE, 1 mL of 

absolute ethanol was added to a 25 mg of sample powder in a 

closed tube and irradiated with 540 W microwave power for 

60 sec. The supernatant was collected. The extraction process 

was repeated for three cycles. Finally, the extract was allowed 

to dry under room temperature. The experiment was done in 

triplicate. 

 

2.3.2 Ultrasonic-assisted extraction (UAE) 
 

The extractions were performed in an ultrasonic 

bath at 35 kHz frequency. Twenty-five mg of sample powder 

and 1 mL of absolute ethanol were added into a closed tube, 

then sonicated for 15 minutes at room temperature. After 

extraction, the supernatant was collected. The extraction 

procedure was done in triplicate. The supernatant was dried 

under room temperature.  

 

2.3.3 Heat extraction (HE) 
 

Twenty-five mg of sample was extracted for 2 hours 

in a water bath at 50 OC with 1 mL of absolute ethanol. The 

supernatant was collected and allowed to dry. The extraction 

was repeated in triplicate. 

 

2.3.4 Shaking extraction (SE) 
 

Twenty-five mg of sample was extracted in a closed 

tube with 1 mL of absolute ethanol by shaking at room 

temperature for 6 hours using an orbital shaker at 100 rpm. 

The extraction was repeated in triplicate by the same method. 

After extraction, the supernatant was collected and evaporated 

until dry.  

 

2.3.5 Maceration extraction (ME) 
 

Twenty-five mg of sample was put into a tube, and 

1 mL of absolute ethanol was added before closing the tube. 

The mixture was macerated at room temperature for 24 hours, 
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then supernatant was collected. The extraction was done for 

three cycles. The supernatant was allowed to dry under room 

temperature.  

 

2.4 Experimental design 
 

In MAE many factors affect the efficiency of 

extraction. The orthogonal array experimental design was 

chosen for investigating the optimal values of each factor, to 

achieve the most effective MAE. An L9 (34) orthogonal 

design was created for the experiment. For the various factors, 

i.e., microwave power, extraction time, solvent-to-feed ratio, 

and cycle count, three levels were assigned for each. These 

values of the factors are presented in Table 1. Minitab 18 

software, English version (Minitab Inc., State College, PA, 

USA) was used to find the optimal conditions for extraction 

by use of the signal-to-noise ratio (S/N), which was calculated 

from mean and standard deviation. The best condition for 

extraction had the highest S/N. 

 
Table 1. Manipulated factors and their levels in the experimental 

design. 

 

Microwave 

power 

(w) 

Extraction 

time 

(sec) 

Solvent-to-

feed ratio 

(mL/g) 

Extraction 
cycle (cycle) 

    

380 20 20 1 

540 40 30 2 

700 60 40 3 
    

 

2.5 Determination of phenolic content 
 

Phenolic content was determined using the Folin-

Ciocalteu method as described previously with some 

modifications (Sembiring, Elya, & Sauriasari, 2018). Ten 

microliters of extract, 50 μL of Folin-Ciocalteu reagent, and 

40 μL of Na2CO3 were mixed and allowed to stand at room 

temperature in the dark for 30 minutes. The absorbance was 

measured at 650 nm using a microplate reader (EZ read 400, 

Biochrom). The results are presented in gallic acid equivalents 

(GAE) with the unit milligrams per gram of sample by dry 

weight (mg GA/g DW). 

 

2.6 Determination of flavonoid content 
 

Flavonoid content was determined using the 

aluminum chloride colorimetric method with modifications 

(Sembiring et al., 2018). Ten microliters of extract, 70 μL of 

absolute ethanol and 20 μL of AlCl3 were mixed and incu-

bated at room temperature for 30 minutes. The absorbance 

was detected using a microplate reader (EZ read 400, 

Biochrom) at 405 nm. The results are presented in quercetin 

equivalents (Q) with the unit milligrams per gram of sample 

by dry weight (mg Q/g DW). 

 

2.7 α-Glucosidase inhibitory activity assay 
 

The assay was performed using the modified 

method of Inthongkaew et al. (2017). Briefly, ten microliters 

of the test sample, 30 μL of α-glucosidase (0.8 U/mL), and 

140 μL of potassium phosphate buffer (0.1 M, pH 6.8) were 

mixed and incubated at 37oC for 15 min. After that, 40 μL of 2 

mM pNPG was added and reacted for 20 min. Finally, 80 μL 

of 5 mM Na2CO3 was added to stop the reaction. The 

absorbance was measured at 405 nm using a microplate reader 

(EZ read 400, Biochrom). The percentage of inhibition was 

calculated as follow: 
 

Inhibition (%) =  
Acontrol-Asample

Acontrol

  x 100 

 

An enzyme kinetic study was performed by the 

Linewear-Burk plot to determine the type of inhibition 

(Inthongkaew et al., 2017; Mohamed Sham Shihabudeen, 

Hansi Priscilla, & Thirumurugan, 2011). The experiment had 

constant α-glucosidase level at 0.8 U/mL and varied pNPG 

concentration (0.25, 0.5, 1 and 2 mM) in the absence and 

presence of test samples (5 and 2.5 mg/mL of dry sample). 

 

2.8 Statistical analysis 
 

Statistical differences were analyzed by SPSS 22.0 

software (SPSS, Armonk, NY, USA). All experiments were 

done in triplicates. All results are presented as mean ± SD. 

The differences between groups were investigated using one-

way analysis of variance (ANOVA) with Duncan’s multiple 

range test (P < 0.05). The correlation coefficient between the 

extracted compounds and α-glucosidase inhibitory activity 

was for Pearson correlation.  

 

3. Results and Discussion 
 

3.1 Optimization of MAE conditions 
 

 In microwave-assisted extraction, many factors 

affect the extraction, such as the choice of solvent system, 

solvent-to-feed ratio, extraction time, cycle count, microwave 

power, extraction temperature, contact surface, water content, 

and stirring (Veggi et al., 2012). These factors should be near 

optimal based on capabilities of the equipment and results of 

preliminary tests. Our preliminary results indicate that the 

highest extraction efficacy was obtained using absolute 

ethanol; therefore, this was selected for the extraction solvent 

throughout the studies. A nine run experimental design was 

performed (Table 2). The inhibition of α-glucosidase ranged 

from 63.67% to 89.70%. 

The optimal conditions for extraction were analyzed 

using the signal-to-noise ratio (S/N). Regarding the inhibition 

of α-glucosidase, since high inhibition represents high 

antidiabetic activity, a larger-is-better analysis was chosen. 

According to the analysis model, the highest S/N indicated the 

optimal condition for each factor. Our results show that the 

highest efficacy was achieved with microwave power 540 W, 

extraction time 60 sec, 40 mL/g solvent-to feed ratio, and 

extraction for three cycles (Figure 1). Then MAE was run 

according to these optimal conditions and the inhibition was 

98.70 ± 0.63% at a dry sample concentration of 25 mg/mL. 

  

3.2 The mechanism of D. nobile extract 
 

Acarbose is a market antidiabetic drug that inhibits 

the α-glucosidase enzyme by a competitive mechanism (Ag, 

1994; Liu, Chen, & Shi, 2015). The mechanism of inhibition 

of D. nobile extract was assessed from the Lineweaver-Burk
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  Table 2.    Design matrix based on the L9 array and the inhibition of α-glucosidase activity (n=3). 
 

Run 
Microwave 

power 

(w) 

Extraction 
time 

(sec) 

Solvent-to-
feed ratio 

(mL/g) 

Extraction 
cycle 

(cycle) 

%Inhibition of dry 
sample 

(25 mg/mL) 

      

1 380 20 20 1 63.67 ± 10.22 
2 380 40 30 2 74.20 ± 3.80 

3 380 60 40 3 86.74 ± 1.99 

4 540 20 30 3 86.31 ± 0.23 
5 540 60 40 1 85.76 ± 6.69 

6 540 40 20 2 88.79 ± 0.53 

7 700 20 40 2 82.03 ± 0.79 
8 700 60 20 3 89.70 ± 1.15 

9 700 40 30 1 84.26 ± 2.19 
      

 

 
 

Figure 1. Factor effects shown as means of S/N ratios. 

 

plot with two concentrations of the sample (2.5 and 5 mg/mL 

of dry sample) and four concentrations of pNPG (0.25-2 mM). 

The results indicate that D. nobile extract performs non-

competitive inhibition of the enzyme activity (Figure 2). The 

concentration of D. nobile extract increased with decreasing 

Vmax but did not affect Km (Table 3). Hence, acarbose and D. 

nobile extract had different inhibition mechanisms. Therefore, 

a combination of these compounds might provide synergistic 

efficacy or allow reducing the dose of acarbose in a further 

study. 

 

3.3 Comparison of MAE and other extraction  

      methods 
 

In order to assess the MAE method, also other 

extraction methods were tested to compare the IC50 as 

measure of extract efficacy. Our results indicate that IC50 

obtained from MAE was below those of other extraction 

methods. Therefore, MAE provided higher efficacy in α-

glucosidase inhibition than the other methods (Table 4). 

Besides, MAE is also simple and rapid extraction method. 

These results match the study of Mandal et al. (2009) in which 

MAE gave higher gymnermagenin concentration than the 

other extraction methods, as well as Chen et al. (2007) who 

found that extraction by MAE got a higher amount of 

triterpenoid saponins than other tested extraction methods. 

 

3.4 Correlation between α-glucosidase inhibitor  

      activity and phenolic and flavonoid contents 
 

It has been reported that the inhibition of α-

glucosidase activity stems from the polar components in D. 

nobile extract (Chen et al., 2018). Our preliminary study 

shows that when increasing the percentage of water in the 

solvent and extraction is done by microwaves, the α-

glucosidase inhibition decreased. The inhibitory activity is 

expected to be in the semi-polar part; therefore, the 

correlations of α-glucosidase inhibition with phenolic and 

flavonoid contents were determined. The correlations of IC50 

with phenolic and flavonoid contents were -0.878 and  -0.785, 

respectively (Table 4), which are both high correlation levels 

but stronger for phenolics than for flavonoids. Previous 

studies have reported the most active α-glucosidase inhibitors 

in Dendrobium spp. as phenolic compounds, such as
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                                     Figure 2.    Lineweaver-Burk plot of D. nobile extract from the optimal MAE against α-glucosidase  

                                                        at different concentrations of pNPG. 

 
      Table 3.    Kinetic parameters of α-glucosidase inhibition for  

                       D. nobile extract. 
 

D. nobile extract 
(mg/mL of dry 

sample) 

Vmax 

(∆A405/min) 
Km (mM) 

   

0 0.026 2.7 

2.5 0.005 2.7 
5 0.002 2.7 

   

 

 Table 4. IC50, and phenolic and flavonoid contents in various 

extracts (n=5).  
 

Method 

IC50 of dry 

sample 
(mg/mL) 

Phenolic 
content 

(mg  GA/g 

sample) 

Flavonoid 
content 

(mg Q/g 

sample) 

    

MAE 0.36 ± 0.06
a

 4.12 ± 0.33
a

 1.17 ± 0.15
a

 

UAE 1.51 ± 0.18
d

 2.08 ± 0.11
e

 0.51 ± 0.08
c

 

ME 1.25± 0.12
c

 3.15 ± 0.31
c

 0.88 ± 0.09
b

 

SE 0.65 ± 0.03
cd

 2.75 ± 0.08
d

 0.80 ± 0.18
b

 

Heat 0.81 ± 0.13
b

 3.78 ± 0.16
b

 1.32 ± 0.08
a

 

Acarbose 0.3 ± 0.02 - - 
    

 

Correlation 

coefficient 
-0.878 -0.785 

 

Mean ± SD followed by the same letter are not significantly different 
at P<0.05; Duncan’s multiple range test. Correlation coefficients are 

for Pearson correlation. 

 

loddigesiinols G–J, crepidatuol B from  D. loddigesii, gigantol 

from D. devoniannum, 3,4-dihydroxy-3,4-dimethoxybiben-

zyl, dendrofalconerol A from D. tortile, batatasin III, 

dendrosinen B from D. infundibulum and 5-Methoxy-7-

hydroxy-9,10-dihydro-1,4-phenanthrenequinone from D. 

formosum (Inthongkaew et al., 2017; Limpanit et al., 2016; 

Lu et al., 2014; Na Ranong et al., 2018; Sun et al., 2014), 

therefore phenolics actively inhibit α-glucosidase activity in 

D. nobile extracts.   

 

4. Conclusions 
 

 The optimal MAE conditions maximizing α-

glucosidase inhibition were microwave power 540 W, 

extraction time 60 sec, 40 mL/g of solvent-to feed ratio and 

three cycles of extraction. The D. nobile extract from MAE 

had lower IC50 than extracts from other methods. Accordingly, 

MAE was the most efficient extraction method for collecting 

α-glucosidase inhibiting extract. The phenolic content showed 

a large  negative correlation (-0.878) with IC50, suggesting 

that phenolics are the active compounds inhibiting α-

glucosidase in D. nobile extracts.  
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