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Abstract

Diabetes mellitus is a chronic disease with a tremendous global incidence. Inhibition of carbohydrates digesting enzymes 
(α-amylase and α-glucosidase) retards glucose absorption thereby attenuates hyperglycemia is one of many approaches used for 
the management of this disease. The present study is aimed to analyse the inhibitory effect of ethanolic extract of Foeniculum vul-
gare (FV) on α-amylase and α-glucosidase and its phytochemical screening. Phytochemical analysis of ethanol extract of Foeniculum 
vulgare showed major classes of secondary metabolites namely flavonoid, steroid, alkaloid, saponin, triterpenoid, quinone, tannins, 
coumarin, and phenol. The ethanolic extract of FV exhibited inhibition of α-amylase and α-glucosidase by 87.14% in and 85.20% at 
1000 µg/ml, this might be due to phytochemicals/secondary metabolites. The results of the present study prove that the ethanolic 
extracts of FV were effective in inhibiting α-amylase and α-glucosidase activity that might lead to the reduction of glucose levels. The 
results of this study suggest that the ethanolic extract of FV might be potent antidiabetic.
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Introduction 

Diabetes mellitus is a chronic metabolic disorder characterized 
by hyperglycaemia. According to an estimation of the International 
Diabetes Federation, approximately 366 million people are suffer-
ing from diabetes globally and around 41 million in India [1]. Regu-
lation of blood glucose level is important for the onset of Type-

2-Diabetes (T2D). Inhibition of carbohydrates digesting enzymes 
(α-amylase and α-glucosidase) retards glucose absorption thereby 
attenuates hyperglycemia is one of many approaches used for the 
management of this disease [2]. Alternatively, inhibitors carbohy-
drate digesting enzymes might control hyperglycaemia [3]. 

Insulin a pancreatic hormone regulates carbohydrate and fat 
metabolism in the body and storing of glycogen in hepatic, skeletal 
and adipose tissues. Low level of insulin or dysfunctional insulin 
will result in diabetes mellitus. Hence, insulin is the first line treat-
ment for diabetes mellitus [4].
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Alpha amylase hydrolyses dietary starch into glucose prior to 
absorption. Alpha-glucosidase, a membrane bound enzyme cataly-
ses the cleavage of disaccharides to glucose. So, inhibitors carbo-
hydrates digesting enzymes may reduce the absorption of dietary 
carbohydrates and suppress post-prandial hyperglycemia. Inhibi-
tion of alpha amylase and alpha glucosidase can lead to reduction 
in post prandial hyperglycemia in diabetic condition [5,6] and they 
could be one of the most effective approaches to control diabetes. 
Currently available therapies for diabetes include insulin and vari-
ous oral antidiabetic agents such as sulfonylureas, biguanides and 
glinides. Many of them have several serious adverse effects; there-
fore, the search for more effective and safer hypoglycemic agents is 
one of the important areas of investigation.

α-amylase and α- glucosidase inhibitors from plant sources offer 
an attractive strategy to attenuate hyperglycaemia due to their 
efficacy and less/nil side effects and a strong inhibition activity 
against α-glucosidase [7]. Widespread species of plants have been 
described in literature for potential hypoglycemic activity. Due to 
their efficacy, less/nil side effects and relatively low costs, herbal 
drugs are used widely in developing countries even when their bio-
logically active compounds are unknown [8,9].

Today in this modern world, even though synthetic drugs are 
readily available and highly effective in curing various diseases, 
there are people who still prefer using traditional folk medicines 
because of their less harmful effects. There is a wide diversity of 
compounds, especially secondary metabolites, found and isolated 
from plants and studies have shown that these compounds have 
anticancer, antioxidant, anti-diabetic, antibacterial, analgesic, anti-
inflammatory, antitumor, antiviral and many other activities to a 
greater or lesser extent [10]. Many bioactive compounds from dif-
ferent plants have been reported to have hypoglycemic effect, in 
that mostly phenolics and triterpenoids such as oleanane, ursane, 
lupane, and flavonoids have a positive correlation as antidiabetic 
agents [11,12].

There has been a lot of effort to identify and develop functional 
food and lead compounds that are suitable for the treatment of 
diabetes. Plant-based α-amylase and α-glucosidase inhibitors are 
phytoconstituents that have various pharmacological and physi-
ological functions. Plant based drugs have been widely used for 
diabetic treatment over thousands of years due to their traditional 

acceptability, efficacy, and lesser side effects. With greater inci-
dence, management of diabetes without any side effects is still a 
challenge [12,14]. Hence, screening of plant based α-amylase and 
α-glucosidase inhibitors had received much attention.

Foeniculum vulgare (FV), fennel is known to be used for its vari-
ous medicinal properties. Numerous studies have shown its vari-
ous pharmacological activities due to its phytoconstituents such 
as phenolic compounds, flavonoids, and fatty acids etc. [15-18]. 
Though various studies have been conducted on the different me-
dicinal properties of FV, the present study was focused on assess-
ing the effects of ethanolic extract of the plant on the anti-diabetic 
properties of FV by the phytochemical analysis, α-amylase, and 
α-glucosidase inhibitory activity.

Materials and Methods

Collection of plant material and preparation of crude extracts

The plant materials of Foeniculum vulgare were obtained from a 
market in Chennai, Tamil Nadu, India. The plant materials obtained 
were identified and authenticated. They were washed in tap water 
and then air dried at room temperature. Cold percolation method 
was used to obtain the ethanolic extract of FV [19]. The extract was 
prepared in 1:5 (w/v) at room temperature for 48 hours. The ex-
tract was filtered using a No. 1 Whatmann filter and processed in a 
vacuum evaporator.

Phytochemical screening of ethanol extract of foeniculum vul-
gare

Qualitative tests were performed to assess the nature of phy-
tochemicals present in the ethanolic extract of Foeniculum vulgare 
(FVEE) as per the standard procedure [18].

Liebermann-burchard test

Extract was dissolved in minimum of chloroform. Acetic acid 
was added and heated. Few drops of acetic anhydride and concen-
trated H2SO4 were added. Green colour shows the presence of Ste-
roid.

Noller’s test

Extract was treated with tin and thionyl chloride and was heated 
in a water bath. Purple colour shows the presence of Triterpenoid.
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Shinoda test

Extract was dissolved in alcohol. Magnesium bits and concen-
trated hydrochloric acid was added. It was heated in a water bath. 
Majenta colour shows the presence of Flavonoid.

Test for furan

Extract was dissolved in alcohol. p-dimethyl amino benzalde-
hyde and concentrated hydrochloric acid was added and was heat-
ed in a water bath. Pink colour shows the presence of Furans.

Test for sugar

Extract was treated with anthrone and concentrated H2SO4. It 
was heated in a water bath. Green colour shows the presence of 
Sugar.

Test for coumarin

Extract was shaken with 10% NaOH. Yellow colour shows the 
presence of Coumarin. The substance regenerates when concen-
trated H2SO4 is added.

Test for quinone

Extract was treated with concentrated H2SO4 Red colour shows 
the presence of Quinone.

Test for saponin

Extract was shaken with water. Frothing shows the presence of 
Saponin.

Test for tannin

Extract was shaken with water and lead acetate solution was 
added. White precipitate shows the presence of Tannin.

Test for acid

Extract was treated with sodium bicarbonate solution. Efferves-
cence shows the presence of Acid.

Test for phenol

Extract was dissolved in alcohol. Ferric chloride is added. Bluish 
colour shows the presence of Phenol.

Test for alkaloid

Extract was taken in acetic acid and few drops of freshly pre-
pared Dragendorff’s reagent are added. A brick red or orange pre-

cipitate shows the presence of Alkaloids.

 α-amylase and α-glucosidase inhibitory activity

α-amylase and α-glucosidase inhibitory activity of FVEE at con-
centrations - 125 μg/ml, 250 μg/ml, 500 μg/ml, 750 μg/ml and 
1000 μ/ml was carried out according to the standard method 
with minor modification [19,20]. The reaction mixture containing 
phosphate buffer (100 mM, pH = 6.8), enzymes (α-amylase-2 U/
ml, α-glucosidase - 1U/ml), and 20 μl of varying concentrations of 
extract and fractions (125 μg/ml, 250 μg/ml, 500 μg/ml, 750 μg/
ml and 1000 μ/ml) was preincubated at 37°C for 20 min. Then, the 
substrate was added (substrate for α-amylase - 1% soluble starch 
in 100 mM phosphate buffer pH 6.8; substrate for α-glucosidase - 
4-Nitrophenyl-β-D- glucopyranoside, 5 mM) and incubated further 
at 37°C for 30 min. The absorbance of the resulting mixture was 
measured at 540 nm and 405nm for α-amylase and α-glucosidase 
inhibitory activity respectively. The results were expressed as per-
centage inhibition, which was calculated using the formula,

Inhibitory activity (%) = (1-As/Ac) ×100 (As-Absorbance of 
Standard, Ac-Absorbance of Control)

Statistical analysis

All data are represented as Mean ± SD. The comparisons be-
tween the groups were analyzed (ANOVA and Bonferroni Test) us-
ing SPSS. A P-value < 0.05 were significant.

Results and Discussion

In the present investigation FVEE was screened for phytochemi-
cal analysis, α-amylase, and α-glucosidase inhibitory effects in vi-
tro. Phytochemical screening of FVEE was found to contain various 
phytochemical constituents (shown in Table 1). FVEE possessed 
presence steroid, triterpenoid, coumarin, flavonoid, quinone, sa-
ponin, tannin, phenol, and alkaloid. Normally, phytochemicals are 
found to be present in parts of the plants such as roots, stems, 
leaves, flowers, fruits, or seeds [21]. Phytochemicals play a vital 
role in preventing disease and promoting health. Numerous stud-
ies had been carried out to identify and isolate the chemical com-
ponents, to establish their efficacy and to understand the underly-
ing mechanism of their action [22]. 

In the present study FVEE were evaluated for their inhibitory 
effect on α-amylase and α-glucosidase enzymes by in-vitro meth-
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od. FVEE at different concentrations-125 μg/ml, 250 μg/ml, 500 
μg/ml, 750 μg/ml and 1000 μ/ml exhibited α-amylase (Table 2) 
and α-glucosidase inhibitory activity (Table 3). Alpha amylase and 
alpha glucosidase inhibition activity of ethanolic extracts of Foe-
niculum vulgare were significantly different from the Acarbose, the 
standard reference drug (P < 0.05). 

The use of herbal drugs as complementary approaches in ex-
isting medications for the treatment of diabetes as many plants 
are known for hypoglycemic activity. Mainly two carbohydrate 
hydrolyzing enzymes are responsible for the development of post-
prandial hyperglycaemia. α-amylase and α-glucosidase catalyze 
the digestion of polysaccharides to disaccharides and catalyze the 
formation of monosaccharides. Hence, inhibitors of α-amylase and 
α-glucosidase are useful in the control of hyperglycemia as they 
delay carbohydrate digestion, which consequently reduce the post-
prandial plasma glucose level [23-25].

The use of enzymes that are known to inhibit the α-glucosidase 
and α-amylase enzyme in the small intestine helps in the digestion 
of carbohydrate and lowers the postprandial glucose level in peo-
ple with diabetes [26-29]. This study focused on the use of FVEE 
for the development of new drugs with lesser adverse effects. The 
study showed that FVEE can inhibit the activity of α-amylase. This 

S. No Phytochemical tests FVEE Phytochemical Present
1 Liebermann-Burchad 

test
+ Steroid

2 Noller’s test + Triterpenoid
3 Shinoda test + Flavonoid
4 Furan test – ---
5 Coumarin test – ---
6 Sugar test – ---
7 Quinone test + Quinone
8 Saponin test - ---
9 Acid test – ---
10 Tannin test + Tannin
11 Phenol test + Phenol
12 Alkaloid test + Alkaloid

Table 1: Phytochemical screening of ethanol extract of leaves of 
Foeniculum vulgare (FVEE).

Sl. 
No

Concentrations 
(μg/ml)

Acarbose % Foeniculum vulgare 
%

1 FVEE 125 μg 38.15 ± 0.13 35.23 ± 0.22
2 FVEE 250 μg 56.24 ± 0.20 53.20 ± 0.33
3 FVEE 500 μg 70.13 ± 0.30 69.31 ± 0.45
4 FVEE 750 μg 81.19 ± 0.42 79.19 ± 0.39
5 FVEE 1000 μg 88.13 ± 1.31 87.14 ± 1.30

Table 2: Alpha amylase inhibition activity of ethanolic extracts of 
Foeniculum vulgare (FVEE).

S. 
No

Concentrations
μg/ml

Acarbose % Foeniculum vulgare 
%

1 FVEE 125 μg 42.21 ± 0.53 40.19 ± 0.20
2 FVEE 250 μg 53.14 ± 0.35 59.33 ± 0.13
3 FVEE 500 μg 74.22 ± 0.19 65.24 ± 0.21
4 FVEE 750 μg 82.24 ± 0.59 80.22 ± 0.19
5 FVEE 1000 μg 87.19 ± 1.24 85.20 ± 1.33

Table 3: Alpha glucosidase inhibition activity of ethanolic extracts 
of Foeniculum vulgare (FvEE).

result agrees with previous reports which indicated that hypogly-
caemic activity through either increased secretion of the insulin 
from pancrease or similar action to the insulin [30]. Annona squa-
mosa, custard apple, exhibited antidiabetic activity by promoting 
insulin release from the pancreatic islets, increasing utilization of 
glucose in muscle, and inhibiting the glucose output from liver [31].

The FVEE exhibits strong inhibition towards the activity of the 
enzyme viz., α-amylase and α-glucosidase. Kwon., et al. [26] sug-
gested that plants based α -glucosidase enzymes to treat post-
prandial hyperglycemia. The active components of the extract can 
inhibit the activity of the enzymes by binding to a separate site. It 
has been hypothesized that the phytoconstituents in FV inhibit the 
α-amylase and α-glucosidase enzymes

by binding to the substrate and preventing the breakdown of 
disaccharides. The use of these compounds could provide a variety 
of beneficial effects and further structural elucidation and charac-
terization methodologies must be carried out to identify the bioac-
tive constituents. The phytochemical constituents of FV exhibited 
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antidiabetic potential by inhibiting alpha amylase and alpha glu-
cose and this might be due to synergistic effect. This study shows 
that the FV’s antidiabetic effect could be due to inhibition of alpha 
amylase and alpha glucosidase by its phytoconstituents. However, 
further study is needed to isolate the active principles in this plant 
which is responsible for this activity.

Conclusion

Diabetes is one of the world’s greatest health problems, affect-
ing about 171 million people and most of these will be dominated 
by those suffering from type 2 diabetes. This increasing trend in 
type 2 diabetes mellitus has become a serious medical concern 
worldwide, which accounts for 9% of deaths that prompts every 
effort in exploring for new therapeutic agents to stem its progress. 
Although the drug treatment for type 2 diabetes mellitus has been 
improved to some extent during the last decade, drug resistance is 
still a big concern that needs to be dealt with effective approaches. 
One of the strategies to monitor blood glucose for type II diabe-
tes mellitus is to either inhibit or reduce the production of glucose 
from the small intestine. In the present investigation ethanol ex-
tract of Foeniculum vulgare was screened for phytochemical analy-
sis and α-amylase and α-glucosidase inhibitory effects were stud-
ied in vitro. α-amylase and α-glucosidase inhibitors interfere with 
the digestion of carbohydrates, achieving better glycemic control. 
Thus, natural products of great structural diversity are still a good 
source for searching for such inhibitors, thereby motivating to ex-
plore biologically active compounds from the highly diverse plants. 
In our study ethanol extract of Foeniculum vulgare inhibit the 
α-amylase and α-glucosidase might be due to the presence of sev-
eral phytochemicals such as flavonoid, steroid, alkaloid, saponin, 
triterpenoid, quinone, tannins, coumarin, and phenol in it. Plants 
have been a good source of medicine for the treatment of various 
type of disease, still many plants and active compounds obtained 
from plants have not been well characterized. More investigations 
must be carried out to evaluate the exact mechanism of action of 
medicinal plants with antidiabetic activity.
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