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Abstract 
Tiger's milk mushroom (TMM) is a plant that can only grow in 
certain regions in Asia. Indonesia is the country with the most 
TMM plants in the world. This plant grows wild in the forests of 
Kalimantan and Papua. This plant is widely used by people to 
treat fever, breast cancer, and asthma. TMM is also known to 
have various pharmacological activities such as anticancer. 
The research about TMM originating from Indonesia is yet still 
rarely carried out. Hence, this research aims to carry out an 
alpha-glucosidase inhibition activity test of TMM ethanolic 
extract. The method employed for the extraction of the TMM 
was the maceration method using ethanol solvent. To identify 
the secondary metabolite compounds from TMM, 
phytochemical tests and thin layer chromatography (TLC) 
tests were carried out. An inhibition test of the alpha-
glucosidase enzyme activity of TMM ethanolic extract was 
conducted using a p-nitrophenyl-alpha-D-glucopyranoside 
reagent. The results of this phytochemical test revealed that 
the ethanol extract of TMM contains flavonoid, alkaloid, 
terpenoid, and phenolic compounds. This is confirmed by the 
TLC test, indicating the presence of flavonoid and alkaloid 
compounds. The results of the alpha-glucosidase enzyme 
inhibition activity test also demonstrated that the ethanol 
extract of tiger milk mushrooms had an IC 50 value of  39.96 
ppm, which is categorized as strong antidiabetic activity. From 
this research, it can be concluded that TMM ethanolic extract 
has very potential as an antidiabetic drug. 
Keywords: Antidiabetic; Tiger milk mushroom; Alpha-
glucosidase enzyme 
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INTRODUCTION 
Diabetes is one of the biggest causes of 
death in the world. In 2021, diabetes 
triggered the deaths of 6.7 million people 
worldwide.1 Based on data from the 
International Diabetes Federation (IDF),2 

in 2030, diabetes sufferers will increase to 
643 million people. Diabetes is a metabolic 
disease where there is an increase in 
glucose in the blood. Type II diabetes 
mellitus is a global crisis that threatens the 
world's health and economy.3 As many as 

90% of patients with diabetes are patients 
with type II diabetes.3 Patients with type II 
DM must maintain postprandial glucose 
levels because this is the main factor in 
complications in patients with DM. 
Controlling these levels is done by 
delaying the body's glucose absorption by 
inhibiting the enzyme that hydrolyzes 
carbohydrates, namely the alpha-
glucosidase enzyme in the digestive 
organs. This inhibition causes the enzyme 
to be unable to break down carbohydrates 
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to produce sugar for absorption in the 
body. This can reduce the increase in 
postprandial glucose levels in patients 
with DM.4  

The drugs used to inhibit the activity of 
this enzyme are acarbose, mannitol, and 
voglibose.5 Nevertheless, oral use of this 
drug can cause undesirable effects, which 
is why it is important to develop safer and 
easier treatment for the community with 
smaller effects, namely the use of 
traditional medicine.7 Some of the side 
effects of this oral medication are 
impaired liver function, diarrhea, nausea, 
and vomiting.6 An Indonesian plant that 
can be used for type II DM therapy is TMM 
(Lignosus rhinocerus). This plant has 
pharmacological effects, including anti-
asthma,8 antibacterial S, anti-breast 
cancer,9 anticoagulant,10 antioxidant,8 
anti-viral,11 and immunomodulator.12 
The compounds contained in tiger milk 
mushrooms (L. rhinocerus) are alkanes, 
acids, fats, carbohydrates, phenolic 
compounds and flavonoids8. Flavonoid 
compounds can inhibit the activity of the 
alpha-glucosidase enzyme so that glucose 
levels in type II diabetes sufferers can 
decrease.13 Research14 shows that tiger 
milk mushrooms (L. rhinocerus) contain 
total flavonoid levels of 33.041 mgEQ/g. 
This value is twice as large as the total 
flavonoid value from apple juice, which is 
15.55 mg EQ/g,15 where it is widely known 
that apples have high antioxidant activity 
due to the presence of flavonoid 
compounds. This indicates that TMM has a 
very big opportunity to be used as an 
antidiabetic drug.  
Specifically, Indonesia is one of the largest 
producers of TMM (L. rhinocerus) in the 
world.16 This plant grows abundantly in 
Indonesia's tropical forests, namely in 
Kalimantan and Papua.14 

Ethnobotanically, this plant is used by 
people to treat diarrhea, asthma, and 
cancer.17 The many benefits of TMM (L. 

rhinocerus) make people cultivate 
mushrooms outside their habitat.18 

There have not been many studies 
examining the pharmacological activity of 
tiger milk mushrooms originating from 
Indonesia, especially research examining 
the antidiabetic activity of TMM (L. 
rhinocerus). Therefore, this research was 
conducted to determine the activity of 
TMM ethanolic extract (L. rhinocerus) on 
the inhibition of alpha-glucosidase 
enzyme, which is an enzyme associated 
with diabetes. This research is based on 
research where it was found that the total 
flavonoid content of TMM (L. rhinocerus) is 
twice as high as apple juice, which is 
known to have high levels of flavonoids. 
Flavonoids play a role in inhibiting the 
glucosidase enzyme so that it can reduce 
blood sugar levels in patients with DM. 
The sample of TMM in this study was a 
tiger's milk mushroom (L. rhinocerus) from 
the forests of Kalimantan. This is intended 
to examine the natural resources of 
Indonesia's tropical forests which have 
great potential for society, particularly in 
the health sector. As far as the authors’ 
literature review, this research is the first 
to focus on the antidiabetic activity of 
TMM originating from Indonesia, 
especially the activity of this plant in 
inhibiting the alpha-glucosidase enzyme. 
Consequently, this research can be used as 
the basis for developing natural 
antidiabetic drugs that have fewer side 
effects than synthetic antidiabetic drugs 
that are already on the market. 
Transformations also later become the 
basis for isolating pure compounds that 
have antidiabetic activity in tiger TMM, 
and functional group transformations of 
the isolated compounds can also be 
carried out to increase their antidiabetic 
activity. 
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METHOD 
Tools and Materials 
Tools 
The tools used in this research were 
Glassware, a Rotary Evaporator, a 
microplate, an incubator, a microplate 
reader, and an oven. 
Ingredients  

Ethanol, water, chloroform, ammonia, 

sulfuric acid, Mayer's reagent, TLC plate, 

acetic acid, butanol, methanol, hexane, 

ethyl acetate, alpha-glucosidase enzyme, 

phosphate buffer, p-nitrophenyl-alpha-D-

glucopyranoside, sodium carbonate, and 

acarbose were used. 

Research Procedure 

Plant samples were obtained from 

Kalimantan. The fungal sclerotium was 

washed with water and dried. Then, the 

sample was cut thinly, dried in the sun, 

covered with a black cloth, and grounded 

with a grinder to produce a fine powder 

(dry simplicia). Dried simplicia was 

macerated to produce the extract. The 

solvent used was 70% ethanol. The 

maceration process was carried out within 

3 x 24 hours, where every 1 x 24 hours, the 

maceration results were filtered. The 

solvent was evaporated with the macerate 

using a rotary evaporator at a temperature 

of 400C to obtain a concentrated extract of 

TMM. 

Phytochemical Test 

Phytochemical tests carried out included 

alkaloid, flavonoid, and terpenoid tests. 

a. Alkaloid Test 

A total of 4 mL of ethanol extract was 

added to each of Mayer's and 

Wagner's reagents. The presence of 

alkaloids is indicated by the 

production of a white precipitate for 

the Mayer test and a brown 

precipitate for the Wagner test.19 

 

b. Flavonoid Test 

1 mL of ethanol extract was taken, and 

66% sulfuric acid was added. As many 

as 5 drops. The presence of flavonoids 

is indicated by the formation of a 

yellow, reddish black, or orange.19 

c. Terpenoid Test 

A total of 5 mL of ethanol extract was 

put into a test tube, and a mixture of 

concentrated sulfuric acid and acetic 

acid anhydride was added. The 

formation of a purplish-red solution 

indicates a positive result for this 

test.20 

Thin Layer Chromatography Test 

The TLC tests carried out are as follows: 

a. Identification of flavonoid compounds 

The stationary phase in this TLC was 

silica gel GF254 with a length of 8 cm 

and a width of 2 cm. The mobile phase 

was glacial acetic acid: butanol: water 

(1: 4:5) with ammonia vapor as a 

staining agent. Positive results are 

indicated by the formation of a 

yellow-brown stain after the TLC plate 

is passed through ammonia vapor.21 

b. Identification of alkaloid compounds 

The stationary phase in this TLC was 

silica gel GF254 with a length of 8 cm 

and a width of 2 cm. The mobile phase 

was chloroform: methanol (9.5: 0.5). 

Positive results are indicated by the 

formation of a yellow stain under 254 

nm UV light.22 

c. Identification of terpenoid 

compounds 

The stationary phase in this TLC was 

silica gel GF254 with a length of 8 cm 
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and a width of 2 cm. The mobile phase 

was n-hexane: ethyl acetate with a 

ratio of (6: 4). Color detection was 

carried out by spraying with 

Lieberman Burchard reagent, heated 

within 5 minutes at a temperature of 

1050C. The presence of terpenoids is 

indicated by the formation of a red-

violet color in visible light.23 

Alpha Glucosidase Enzyme Inhibition 

Test 

Enzyme solution containing 20 µL of 

alpha-glucosidase enzyme and 120 µL of 

0.1 M phosphate buffer solution pH 6.8. p-

nitrophenyl-alpha-D-glucopyranoside 10 

mM in the same buffer was used as the 

substrate solution. A total of 10 µL of TMM 

ethanol extract with enzyme solution in a 

microplate was incubated for 15 minutes 

at a temperature of 370C. 20 µL of the 

substrate was added, and incubation 

continued for 30 minutes. The reaction 

was ended by adding 80 µL of 0.1 M 

sodium carbonate. The absorbance was 

then detected using a microplate reader at 

a wavelength of 415 nm, where a solution 

without extract was used as a control, a 

solution without glucoside was used as a 

blank, and acarbose was used as a positive 

control. The experiment was carried out 

three times. Inhibitory activity against 

glycoside enzymes is expressed in % 

inhibition using the formula 1:24 

%𝑖𝑛ℎ𝑖𝑏𝑖𝑠𝑖 =
𝑐−𝑠

𝑐
 100%  (1) 

 
Where c  = control absorbance 
               S = sample absorbance 
The IC 50 value was determined using a plot 
of percent inhibition (y) versus inhibition 
concentration (x) and calculated using 

linear regression analysis. The equation (2) 
y = bx + c was used to determine IC 50:24  

%𝑖𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 =
50−𝑎

𝑏
 100%  (2) 

 
Data Analysis 
Data analysis was used with One-way 
ANOVA. Significant differences were 
considered at a p-value <0.05. 
RESULTS AND DISCUSSION 

TMM extraction process  

The stages of this research were making 

TMM ethanolic extract, phytochemical 

and TLC testing of TMM ethanolic extract 

and testing the inhibitory activity of tiger 

milk mushroom ethanol extract on the 

alpha-glucosidase enzyme. TMM sample 

were from Kalimantan (2.1 Kg). The 

sample was sorted to remove impurities. 

After that, it was washed to remove stuck 

dirt by water. Next, the TMM was chopped 

to make the sample size smaller. The 

smaller the sample, the larger the area of 

contact between the extracting solvent 

and the sample so that the compounds 

contained in the sample can come out 

maximally. Following that, the sample was 

dried in the sun and covered with a black 

cloth so that the sun did not damage the 

compounds in the sample. The sample was 

then powdered using a grinder, and 800 

grams of powder was obtained. The TMM 

powder was then macerated using 

ethanol. Ethanol is a polar solvent that can 

extract compounds in plants optimally.  

In this research, maceration was used for 

the extraction technique. The advantage 

of maceration is that it uses simple 

equipment, is easy to do, and is cheap.25 A 

total of 500 grams of TMM powder was 

macerated with ethanol for 3 x 24 hours. 

This repeated maceration aimed to 



Journal of Fundamental and Applied Pharmaceutical Science, 5(1), August 2024 48 

maximize the compounds obtained 

because every 1 x 24 hours, the extracting 

solvent was replaced. The macerate was 

then filtered using a Buchner with the help 

of a vacuum. This vacuum would speed up 

the filtering process. The filtrate was then 

put in a rotary evaporator to evaporate the 

ethanol solvent. From this process, a 

concentrated extract of TMM weighing 3.1 

grams was obtained. The yield of the 

ethanol extract obtained was 0.7%. This 

result was much smaller than the yield of 

tiger milk mushroom extract extracted 

with ether, chloroform, methanol, and 

water, namely 1.16%, 2.84%, 9.4% and 

15.4%, respectively.26 This small yield is 

possible because TMM contains many 

compounds with large molecular weights 

and are very polar, such as carbohydrates 

(8.84 grams/Kg), protein  (0.38 grams/Kg), 

and others.16 

Phytochemical Test 

Phytochemical testing is a qualitative test 

to determine the profile of secondary 

metabolite compounds in samples.27 

Phytochemical tests in this research 

included tests for alkaloids, flavonoids, 

terpenoids, steroids, phenolics, and 

tannins. For the alkaloid test with Wagner 

and Mayer's reagent, positive results were 

obtained, namely the formation of this 

precipitate, indicating that tiger milk 

mushrooms contain alkaloids. The results 

of the alkaloid test can be seen in Figure 1. 

 

(a) (b) 

Figure 1.  Alkaloid test results (a) alkaloid test results of ethanol extract of TMM with 
Mayer's reagent (b) alkaloid test results of ethanol extract of TMM with Wagner reagent 

 

Mayer's reagent was formed from the 
reaction between mercury (II) chloride and 
potassium iodide to produce mercury (II) 
iodide, where this compound reacted 
further with excess potassium iodide to 
produce potassium tetraiodomercurate 
(II). Alkaloids have a nitrogen atom with a 
lone pair of electrons (PEB). This PEB 
binds with metal ions to produce complex 
compounds. In alkaloid identification, the 
nitrogen atom of the alkaloid compound is 
bound to potassium metal to produce a 
potassium tetraiodomercurate (II) 

complex, which is characterized by the 
formation of a precipitate.28 A positive 
result for Wagner's reagent is the presence 
of a brown precipitate. This precipitate is 
thought to originate from an alkaloid-
potassium complex.  
In the Wagner reaction, iodine binds to I - 
ions to produce I 3- ions (brown solution). 
In this test, the K + ion will covalently bond 
with the nitrogen atom of the alkaloid to 
produce an alkaloid-potassium complex 
precipitate.29 The flavonoid test in this 
study was carried out by adding 3 drops of 
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66% sulfuric acid to the extract solution. A 
positive result was obtained when a green 
solution was formed (Figure 2). The 
formation of this solution is due to the 
formation of chalcone compounds. 

Sulfuric acid protonates the oxygen atom 
in flavonoids so that the C ring in the 
flavonoid opens and chalcone is 
produced.30

  
 

   Figure 2. Flavonoid test results of ethanol extract of TMM 
 

Terpenoid and steroid tests were carried 
out on the ethanol extract solution of 
TMM. In this study, a red-brown solution 
was obtained (Figure 3). This indicates that 
the sample contains terpenoids.  

Based on research,31 the formation of a 
blue to green solution indicates positive 
for the steroid test, and a brownish red to 
purple solution indicates positive for the 
terpenoid test. 
 

     
 

    Figure 3. Terpenoid and steroid test results of TMM ethanol extract 

The phenolic test was conducted by 
adding FeCl 3 solution to the extract 
solution. The result of this test is that a 
dark green solution was obtained (Figure 
4). Phenolic compounds are aromatic 
compounds with hydroxy group (-OH). 
The delocalization of benzene electrons 

causes all electrons to be attracted to the 
O atom so that the compound will produce 

phenolic anions, which is followed by the 
release of hydrogen atoms from the 
hydroxy group in the form of protons (H +). 
The phenolate formed binds to the Fe 3+ 
cation, and then a coordinating covalent 
bond is formed to produce a Phenol-Fe 
complex. This compound causes the 
solution to change to dark green.32 
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  Figure 4. Phenolic test results of TMM ethanol extract 
 

From the phytochemical tests carried out, 
the ethanol extract of TMM contains 
phenolic compounds, terpenoids, 
flavonoids, and alkaloids. The results of 
this research align with research14 with the 
results that TMM ethanolic extract 

contains flavonoid compounds. A 
summary of the phytochemical tests in 
this research can be seen in Table 1. 

 

 

 

 

 
Table 1.  Phytochemical Test Results of Tiger Milk Mushroom Ethanolic Extract

 

The results of this phytochemical test 
were then confirmed by the TLC test. The 
extract was spotted onto a TLC plate and 
then eluted with the mobile phase ethyl 
acetate n-hexane (4: 6). The TLC plate was 
then sprayed with Lieberman Burchard for 

terpenoid testing. The results are seen in 
Figure 5. The results of this TLC test 
uncovered that the ethanol extract of 
TMM contains terpenoids, alkaloids, and 
flavonoids. 
 

Secondary metabolite 
compounds 

Positive results Conclusion 

Alkaloids Mayer: white precipitate 
Wagner: red precipitate 

+ 
+ 

   
Flavonoids Blue or green color solution + 
Phenolic color change from bluish-

black to dark black 
+ 

Terpenoids/steroids A blue to green solution 
indicates a positive steroid 
test result, and a brownish-
red to purple color indicates 
a positive terpenoid test 
result. 

A red solution is formed. 
(+ terpenoids) 
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  (a)          (b)          (c) 
Figure 5.  TLC terpenoid test results of TMM ethanol extract. 
Viewed in a 366 nm UV lamp (a) 254 nm UV lamp (b) after 
spraying with Lieberman Burchard reagent (c) 
 

The ethanol extract of TMM was then 
tested for its inhibitory activity against the 
alpha-glucosidase enzyme. This enzyme 
has a role in breaking down 
carbohydrates, where the 
monosaccharide glucose is formed as a 
result of this breakdown in the digestive 
tract.33 Thus, this enzyme helps absorb 
glucose in the body. In other words, this 

enzyme helps increase blood glucose 
levels. Inhibitors of this enzyme can inhibit 
the work of the enzyme where the 
inhibitor works competitively to compete 
for the active site of the enzyme and 
inhibits glucose hydrolysis. The 
mechanism of action of the alpha-
glucosidase enzyme and its inhibitors is 
illustrated in Figure 6.34 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. The role of alpha-glucosidase enzyme inhibitors in controlling hyperglycemia. (A) 
Schematic diagram of the small intestine: alpha-glucosidase enzyme inhibitor stimulates L cells and 
glucagon-like peptide (GLP-1) secretion from the lower small intestine. (B) Hydrolysis of 
carbohydrates by the alpha-glucosidase enzyme causes blood glucose levels to rise. (C) Competitive 
inhibition of the alpha-glucosidase enzyme by its inhibitor causes the enzyme's work to be disrupted, 
thereby limiting carbohydrate hydrolysis and blood glucose absorption.34 

 
The method was used to test the activity 
of ethanol extract of TMM on 
glucopyranosides. The working principle 

of this test is that the alpha-glucosidase 
enzyme hydrolyzes p-nitrophenyl-α-D-
glucopyranoside so that p-nitrophenol 
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(yellow solution) and glucose are produced 
(Figure 7). Enzyme activity was obtained 
based on the absorption of the yellow p-
nitrophenol produced. The fainter the 

yellow color produced, the better the 
inhibitory activity against the alpha 
glucoside enzyme.35 

 

 
 
 
 
 
 
 
 
 
 

Figure 7. The principle of testing the inhibitory activity of p-nitrophenyl-α- D-glucopyranoside35 

 
The results of the inhibition test can be 
seen in Table 2, Table 3, and Figure 8. The 
ethanol extract of TMM has an inhibitory 
activity against the alpha-glucosidase 
enzyme. The statistical test indicated a 
significant increase of inhibition value 
from lower to higher concentration of the 

sample. Analysis of IC50 value of sample 
and acarbose each measured in 39.94 ppm 
and 0.19 ppm. While the sample has lower 
inhibitory activity than acarbose, the IC50 
of the sample is still in the range of strong 
inhibition groups. 

 

Table 2. Inhibition value of TMM ethanolic extract against the alpha-glucosidase enzyme. The IC50 
value of TMM was measured at 39.94 ppm.

Extract Concentration 

(ppm) 

Inhibition (%) 
Mean (%) S.E 

R1 R2 R3 

10 17.040 16.704 17.152 16.96 0.23 

5 8.857 8.520 8.296 8.558 0.28 

2 7.960 7.063 7.511 7.511 0.45 

1 6.614 6.839 6.614 6.689 0.13 

 
Table 3. Inhibition value of acarbose (positive control) against the alpha-glucosidase enzyme. The 
IC50 value of acarbose was measured at 0.19 ppm. 

Extract Concentration 

(ppm) 

Inhibition (%) 
Mean (%) S.E 

R1 R2 R3 

10 98.676 98.529 99.265 98.824 0.27 

5 93.235 94.853 93.529 93.873 0.61 

1 72.353 72.206 72.059 72.206 0.10 

0.5 59.559 60.882 61.029 61.209 0.65 
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Figure 8. Inhibition of TMM ethanolic extract against the alpha-glucosidase enzyme 
 

The IC 50 value of the ethanol extract of 
TMM was 39.94 ppm in the strong 
category. This strong inhibitory activity of 
the alpha-glucosidase enzyme is thought 
to be due to the content of flavonoid 
compounds and phenolic compounds in 
the ethanol extract of TMM, whose 
existence has been proven through 
phytochemical tests in this study and 
based on research from Sari et al. that the 
content of compounds quercetin from the 
ethanol extract of tiger milk mushrooms is 
twice as large (33.041 mgEQ/g) as from 
apples (15.55 mg EQ/g).14 It uses quercetin 
as a standard, and the results of flavonoid 
levels are expressed in quercetin 
equivalents (mg EQ/g). This denotes that 
the quercetin content is high in the 
ethanol extract of TMM.14 
The mechanism of action of the α-
glucosidase enzyme inhibitor in the 
ethanol extract of TMM is thought to be 
the same as the mechanism of acarbose 
inhibition, namely competitive inhibition 

of the α-glucosidase enzyme in the lumen 
of the small intestine. This inhibition 
occurs because the inhibitor can bind to 
the.36 Flavonoid compounds can inhibit 
the activity of the alpha-glucosidase 
enzyme by competing for the active site of 
the enzyme. Molecular docking studies 
have been carried out, and it was found 
that the amount and position of -OH 
contained in flavonoids greatly 
determines this inhibitory activity. The 
flavonoid compound with the most 
potential for this inhibitory activity is 
quercetin. -OH group at positions C-5, C-7 
and/or C-8 on ring A and hydroxyl at 
positions 3' and 4' on ring B and hydroxyl 
on ring C at position 3 and alkene at 
positions C-2 and C- 3 in ring C is the most 
important functional group for flavonoid 
activity in inhibiting the alpha-glucosidase 
enzyme.36 The results of this research 
suggest that TMM has a great opportunity 
to be developed as an antidiabetic drug. 

CONCLUSION 
Based on the phytochemical tests carried 
out, the ethanol extract of TMM contains 
alkaloids, terpenoids, phenolics, and 
flavonoids, and the ethanol extract of 

TMM has an IC 50 value of 39.94 ppm in 
the strong category. The results of this 
research imply that TMM has a great 

y = 1,1306x + 4,8432
R² = 0,9247

0

5

10

15

20

0 2 4 6 8 10 12

(%
) 

In
h
ib

it
io

n

Extract concentration (ppm)



Journal of Fundamental and Applied Pharmaceutical Science, 5(1), August 2024 54 

opportunity to be developed as an 
antidiabetic. 
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