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ABSTRACT 
 
Building upon the long history of plants as natural remedies, this study investigated the presence 
and content of flavonoids, a class of polyphenols, in an ethanolic extract of Melilotus indicus. The 
antioxidant activity of the extract was also evaluated. The Melilotus genus is renowned for its 
diverse biological activities, including antioxidant, anti-inflammatory, and hypoglycemic effects. As 
anticipated, flavonoids were the primary phenolic constituents identified in M. indicus. The extract 
exhibited a flavonoid content of 0.49 ± 3.818 mg/g and demonstrated comparable antioxidant 
activity (IC50 = 1.6 mg/mL) to vitamin C (IC50 = 0.01 mg/mL). A docking study against human 
salivary amylase (1C8Q), revealed promising binding scores for chlorogenic acid and kaempferol             
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(-6.09196091 and -5.45953274 kcal/mol, respectively) compared to the acarbose drug (-8.8864727 
kcal/mol). These findings suggest that M. indicus may be a valuable source of natural antioxidants 
with potential health benefits. 
 

 

Keywords: Melilotus indicus; α-amylase; chlorogenic acid; kaempferol; antioxidant. 
 

1. INTRODUCTION  
 
Medicinal plants have long played a pivotal role 
in human health, serving as both food sources 
and traditional remedies for various ailments. 
Moreover, they are considered promising 
sources for novel drug discovery and 
modification. Melilotus indicus is a medicinal 
plant that has been used both as food and in 
traditional medicine. It is known for its analgesic 
and emollient properties [1]. This species 
belongs to the Fabaceae (Leguminosae) family 
and is rich in phytochemicals such as alkaloids, 
flavonoids such as quercetin, coumarins, 
triterpenes, and saponins [2]. Notably, it contains 
high levels of phenolic acids, particularly ferulic 
acid and chlorogenic acid, which contribute to its 
potent antioxidant activity. Traditional medicine 
has employed Melilotus to treat a range of 
conditions, including asthma, hemorrhoids, bowel 
complaints, infantile diarrhea, and lacerated 
wounds[3]. In recent years, researchers have 
focused on exploring its potential anticancer 
properties due to its high flavonoid content [4]. 
Flavonoids are a class of polyphenolic 
compounds found in plants, particularly fruits, 
vegetables, and beverages. They possess 
various beneficial biochemical and antioxidant 
effects, which have been linked to the prevention 
of diseases like cancer and Alzheimer's disease 
[5]. 
 
Phenolic acids are another group of compounds 
found in plants, known for their antioxidant, anti-
inflammatory, and antimicrobial properties. They 
also play a role in food preservation (Robbins, 
2003). One of the most traditional uses of 
Melilotus indicus in Asia as an anti-diabetic 
specifically as an alpha-amylase inhibitor and 
this activity may be influenced by the presence of 
many compounds such as phenolic compounds 
[6].  
 
Given the abundance of Melilotus indicus in Iraq, 
it presents an excellent opportunity for further 
research into its biological activities. The 
variation in environmental conditions across 
different regions can influence the composition of 
its active constituents, including coumarins, 
flavonoids, and phenolic acids. This diversity 

offers a rich source for exploring potential 
therapeutic applications. 
 

2. MATERIALS AND METHODS 
 

2.1 Plant Collection 
 

The plants aerial parts were collected from the 
pharmacy college garden and were identified by 
Dr. Ula Almousawei as Melilotus indicus. Fig. 1 
illustrates the leaves and flowers of the plant, 
while Fig. 2 shows the distribution of Melilotus 
indicus in Iraq. The aerial parts of the plant were 
dried in the shade until completely dry. The dried 
material weighed 15 grams and was used for the 
extraction process. 
 

2.2 Extraction Process 
 

The plant material was transferred to a round-
bottom flask equipped with a reflux condenser. 
An appropriate amount of 80% ethanol solution 
was added to completely submerge the material, 
totaling 250 mL. The reflux apparatus was 
assembled, ensuring all connections were 
secure. The solution was heated using a heating 
mantle to the boiling point of ethanol 
(approximately 70°C). The mixture was 
maintained under gentle reflux for 2 hours, 
allowing the condensed ethanol vapors to 
continuously return to the flask through the 
condenser. After refluxing, the solution was 
allowed to cool to room temperature. The cooled 
solution was then filtered using filter paper to 
separate the plant extract (liquid) from the plant 
residue. The filtrate was transferred to a clean 
Petri dish and left to dry at room temperature 
(Chaves et al., 2020a).  
 

2.3 Determination of Flavonoids Content 
 

Total flavonoid content was determined by the 
aluminum chloride method. 0.5 ml of the 
ethanolic extract was mixed with 0.3 ml of 5% 
sodium nitrite. After 5 min 0.3 ml of 10% 
aluminum chloride was added. After 6 min, we 
add 2.0 ml of 1 M sodium hydroxide and the total 
volume was made up to 5.0 ml with distilled 
water. The absorbance of the mixture was 
measured at 510 nm against a reagent blank. 
We use Quercetin as a standard. The flavonoid 
content was expressed as milligram of quercetin 
equivalence (QE) per gram of extract [7]. 
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Fig. 1. Leaves and Flowers of Melilotus indicus 
 

 
 

Fig. 2. Iraqi map for Melilotus indicus distribution 
 

2.4 Estimation of Melilotus Extract's 
Antioxidant action 

 
2.4.1 Radical (DPPH) scavenging capacity 

 
Melilotus indicus ethanolic extract antioxidant 
action was measured as a radical scavenging 
capacity of DPPH. The Erenler et al. [8] method 
with a little modification was followed to 
accomplish the experiment. The absorbance 
readings at 517 nm were decreased with the 
reduction of the radicals. 1ml of 0.8 mM (DPPH) 
methanolic solution was added to 1 ml of each 
concentration of Melilotus indicus ethanolic 
extract (0.005-10) mg/ml. The tubes were 
enclosed tightly and set aside for (0.5) hours in 

the dark then at 517 nm the absorbance against 
blank samples was measured and compared to 
the calibration curve of ascorbic acid. The test 
was accomplished in triplicate. The radical % 
inhibition was gained for the (DPPH) by the 
below equation: 
 

Inhibition%= A0-A/A0 *100 
 

where I = inhibition of DPPH (%), A0 = 
control sample 

 

absorbance and A = tested sample absorbance 
after 0.5 hour. The scavenging activity plotted 
graph against different melilotus indicus extract 
concentrations can be used for determining the 
IC50 value, which can be defined as the total 
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antioxidant essential to decrease 50% of the 
initial radical concentration [8]. The reference 
compound was the Ascorbic acid [9]. 
 
2.4.2 Statical analysis 
 
T-tests were performed to evaluate the results of 
the DPPH scavenging activity assay 
experiments. 
 

2.5 Molecular Docking of some Melilotus 
indicus Phenolic Compounds into 
Human alpha-amylase 

 
2.5.1 Medicinal compound choice  
 
In this study, we aimed to investigate the 
potential of two phenolic acids (ferulic acid and 
chlorogenic acid), two flavonoids (quercetin and 
kaempferol), and coumarin (all found in Melilotus 
indicus aerial parts) [3], as amylase inhibitors. 
These compounds were compared to the 
acarbose drug. An in-silico study was conducted 
using human salivary amylase (1C8Q), obtained 
from the Protein Data Bank (PDB). 
 
2.5.2 Preparation of both enzyme and ligands 
 
The three-dimensional structure of human 
salivary amylase was downloaded from the 
Protein Data Bank (PDB) using the PDB ID 
1C8Q. The crystallographic properties of 1C8Q 
are summarized in Table 1. To identify the most 
suitable region of the receptor for ligand 
interactions, an active site prediction and 
isolation protocol was employed first The 

Hamiltonian PM3 (Parametric Model 3) method 
implemented in MOE was used to minimize the 
field strengths within the MMFF94x (Merck 
Molecular Force Field) energy of the protein. 
Additionally, water molecules were removed from 
the protein surface to ensure that the interaction 
region was not obscured. The active sites of 
1C8Q were identified using the Site Finder model 
within MOE, as shown in Fig. 3. 
 
Fig. 3 presents the chemical structures of the 
selected compounds and the acarbose drug. The 
three-dimensional structures of these 
compounds were downloaded in SDF format 
from PubChem [10]. .Lipinski's physicochemical 
parameter rules Alanagreh et al., [11], were also 
evaluated for each selected compounds (ligands) 
and the results are reported in Table 2. Also, the 
selected compounds were submitted to energy 
minimizing under default conditions of pH = 7 
and temperature = 300°K. 
 
2.5.3 Docking and building complexes 
 
Docking was performed using the Dock module 
in MOE software, which involves positioning 
ligands within the active site of 1C8Q using most 
of the default settings to predict how molecules 
interact with the receptor's binding site (Arya et 
al., n.d.).The initial docked molecules included a 
series of compounds selected from Melilotus 
indicus and their respective reference inhibitors 
(acarbose drug, known as an amylase inhibitor). 
This allowed for a comparison of the obtained 
docking scores with those of the chosen ligands 
from the selected compounds. 

 
Table 1. Crystallographic properties of Human salivary alpha-amylase 

 

Protein 
PDB 
code 

Classification Organism 
Expression 
system 

Resolution Method 

Total 
structure 
weight 
(da) 

Chain 

Alpha-
amylase 

1C8Q Hydrolase 
Homo 
sapiens 

Spodoptera 
frugiperda 

2.30 A0 
X-ray 
diffraction 

56030 A 

 
Table 2. Physicochemical Lipinskis parameters for selected compounds and the acarbose 

drug 
 

Compounds MW gm/mol h_log p Lip_acc Lip_don Lip_druglike 

Chlorogenic 
acid  

354.311005 -
0.280418485 

9 6 1 

Ferulic acid  194.185989 1.37839305 4 2 1 
Quercetin  302.238007 1.75508523 7 5 1 
Kaempferol 286.238983 2.23933625 6 4 1 
Coumarin  146.144989 2.31558156 2 0 1 
Acarbose  646.615967 -10.0566978 19 15 0 
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Fig. 3. The chemical structure of selected compounds and the acarbose drug 
 

 
 

Fig. 4. The active site of human salivary amylase (PDB ID 1C8Q), identified using MOE 
software 
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3. RESULTS AND DISCUSSION 
 

3.1 Extraction 
 
The percentage yield of the dried extract was 
calculated using the following formula: 
 

%Yield = (Weight of Dry Extract / Weight of 
Dry Plant Material) * 100% 
 
% Yield = (11 g / 15 g) * 100% = 73.33% 

 

3.2 Determination of Total Flavonoids 
Content 

 
The total flavonoid content of the Melilotus 
ethanolic extract was determined to be 0.49 ± 
3.818 mg/g. Aqueous ethanol is a well-
established solvent for flavonoid extraction due 
to its ability to solubilize both aglycone and 
glycoside forms. Among aqueous alcohols, 
ethanol and methanol are generally preferred 
solvents for polyphenol compound extraction. 
Ethanol is often favored due to its lower toxicity. 
Chaves et al., [12]. The selection of the reflux 
method with 80% ethanol for extraction aligns 
with the principle that water can enhance the 
efficiency of the extraction process. The 
presence of water in the solvent mixture 
facilitates the extraction of polyphenols by aiding 
their diffusion through plant tissues Plaskova & 
Mlcek, [13]. 

 
3.3 Antioxidant Activity 
 
In this study, the antioxidant capacity of the 
Melilotus indicus ethanolic extract was evaluated. 
The IC50 value for the extract was determined to 
be 1.6 mg/mL, compared to 0.01 mg/mL for 
vitamin C. The p-value for this comparison was 
0.188. The presence of flavonoids such as 
quercetin and kaempferol may lead to the 
antioxidant activity of Melilotus indicus because 
these compounds contain a hydroxyl group, the 
best-described antioxidant property of flavonoids 
derives from the ability to directly scavenge the 
reactive oxygen species, flavonoids can chelate 
free radicals immediately by donating a hydrogen 
atom or by single-electron transfer. Another 
possible mechanism of action of flavonoids is 
through the chelation of transition metal 
elements. Flavonoids have a chelating property, 
which enables them to chelate, or binds to metal 
ions in the human body to prevent them from 
being accessible for oxidation, flavonoids can 
also act as an intracellular antioxidant through 

the inhibition of free radical generating enzymes 
[14]. 
 

3.4 Docking Study  
 
Table 3 summarizes the docking scores obtained 
for all selected compounds from Melilotus indicus 
arial parts and the acarbose drug. 
 
The most favorable energy complex was formed 
by chlorogenic acid, with a binding energy of -
6.09196091 kcal/mol, followed by kaempferol at -
5.45953274 kcal/mol. In comparison, the 
acarbose-enzyme complex had a binding energy 
of -8.8864727 kcal/mol. Fig 5 presents the in-
silico binding complexes formed by docking the 
selected compounds with human salivary 
amylase, compared to the acarbose drug. 
 
Salivary amylase is a glucose-polymer cleavage 
enzyme secreted by the salivary glands. It 
digests starch into smaller molecules, ultimately 
producing maltose. Maltase then cleaves 
maltose into two glucose molecules. This 
demonstrates the significant physiological role of 
saliva in food digestion. (Peyrot des Gachons & 
Breslin, [15].Numerous molecules exhibit α-
amylase inhibitory activity, including flavonoids, 
phenolic acids, tannins, and terpenes. As 
previously mentioned, we selected flavonoids, 
phenolic acids, and coumarin for our docking 
study due to their established importance as α-
amylase inhibitors.da Silva et al., [16]. In Asia, 
Melilotus indicus has been traditionally used as 
an anti-diabetic agent due to its active 
constituents. Compared to acarbose, a 
pseudotetrasaccharide, Melilotus indicus has 
gained particular attention as a highly effective 
inhibitor of intestinal α-glucosidases and α-
amylase. Indeed, Melilotus indicus is not the only 
plant known to contain α-amylase inhibitors. 
Other plant species, such as Phaseolus vulgaris 
(common bean) and wheat (Triticum aestivum), 
have also been shown to contain these 
compounds. To fully understand the mechanism 
of action and isolate the specific active 
constituents responsible for α-amylase inhibition 
in these plants, further research is necessary[16]. 
Acarbose is clinically used to treat both non-
insulin-dependent and insulin-dependent 
diabetes mellitus, effectively lowering 
postprandial glucose elevation in diabetics. 
However, acarbose, like other drugs, can have 
side effects, including moderate diarrhea 
associated with flatulence. This often leads to 
therapy discontinuation, emphasizing the need 
for the development of new α-amylase inhibitors. 
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da Silva et al., [16]. . The potential side effects 
associated with synthetic α-amylase drug 
inhibitors have led many individuals to explore 
natural product alternatives derived from 
medicinal plants, such as Melilotus 
indicus.(Ahmed et al., 2014). Despite the 
promising docking scores obtained for 
chlorogenic acid, acarbose demonstrated the 

best results [17,18] While Melilotus indicus may 
offer potential therapeutic benefits, it is important 
to note that it may not be a direct replacement for 
drugs. This finding suggests the need for further 
research to modify chlorogenic acid into a more 
potent drug with reduced side effects and 
enhanced α-amylase inhibitory activity               
[19,20]. 

 
Table 3. The binding scores for the docking of 1C8Q with the selected compounds from 

Melilotus indicus aerial parts and acarbose 
  

Selected compounds and acarbose  Binding score (kcal/mol) with 1C8Q 

Ferulic acid  -4.62238932 
Chlorogenic acid -6.09196091 
Quercetin -5.2621212 
Kaempferol  -5.45953274 
Coumarin  -4.53506327 
Acarbose -8.8864727 

 

Selected compounds and 
drug 

2D interaction Types of binds 

 
 
Ferulic acid 
 
 
 

 
 

The amino acid ASP 300 
(H-donor) with 2.89 A0 
distance and energy of -5.0 
kcal/mol 

 
 
 
 
Chlorogenic acid 
 
 
 
 
 
 
 
 
 
 

 
 

The amino acid ASP 
300 (H-donor) with 
2.96 A0 distance and 
energy of -4.8 
kcal/mol 
 
The amino acid GLN 
63 (H-acceptor) with 
3.01 A0 distance and 
energy of -1.1 
kcal/mol 
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Quercetin 

 

The amino acid LyS 
200 (H-acceptor) with 
3.02 A0 distance and 
energy of -3.8 
kcal/mol 
The amino acid HIS 
201 (pi-H) with 3.89 
A0 distance and 
energy of -0.9 
kcal/mol 

 
 
 
 
 
 
 
 
Coumarin  
 
 
 
 
 
 
 
 
Kaempferol 
 
 

 

 

 
 

LYS 200 (H-acceptor) 
with 3.17 A0 distance 
with energy -
1.1kcal/mol 
LYS 200 (H-acceptor) 
with 3.08 A0 distance 
and energy of -5.0 
HIS 201 (pi-H) with 
3.92 A0 distance and 
energy -0.7kcal/mol 
 
 
 
GLU 233 (H-donor) 
with 2.93 A0 distance 
and energy of -3.7 
kcal/mol 
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Acarbose 
 
 
 
 
 
 
 

 
 

ASP 197 (H-donor) 
with 2.87 A0distance 
and energy of -1.5 
kcal/mol 
ASP 197 (H-donor) 
with 2.96 A0distance 
energy of -1.9 
kcal/mol  
GLU 233 (H-donor) 
with 3.37 A0 distance 
and energy of -
4.7kcal/mol 
ASP 300 (H-donor) 
with 3.68 A0 and 
energy of -1.1kcal/mol  
HIS 201 (H-acceptor) 
with 3.39 A0 distance 
and energy of -
0.8kcal/mol 
ASP 197 (Ionic) with 
3.51 A0 distance and 
energy of -1.9kcal/mol 
GLU 233 (Ionic) with 
3.37 A0 distance and 
energy of -2.4 
kcal/mol 
GLU 233 (Ionic) with 
3.28 A0distance and 
energy of -2.9kcal/mol 
ASP 300 (Ionic) with 
3.68 A0 distance and 
energy of -1.3kcal/mol 
TYR 62 (H-pi) with 
3.75 A0 and energy of 
-0.6kcal/mol 

 
Fig. 5. illustrates the theoretical interactions produced by docking the selected compounds 

and acarbose drug with 1C8Q 
 

4. CONCLUSION 
 
This study concludes that Melilotus indicus 
contains a significant amount of flavonoids and 
exhibits potent antioxidant activity. The docking 
study revealed promising binding scores for 
chlorogenic acid and kaempferol.  
 

DISCLAIMER 
 
This paper is an extended version of a preprint 
document of the same author. 
 
The preprint  document is available in this link: 
https://www.qeios.com/read/7TICTE  
[As per journal policy, preprint /repository article 
can be published as a journal article, provided it 
is not published in any other journal] 

 

DISCLAIMER (ARTIFICIAL INTELLIGENCE) 
 
Author(s) hereby declare that NO generative AI 
technologies such as Large Language Models 
(ChatGPT, COPILOT, etc) and text-to-image 
generators have been used during writing or 
editing of this manuscript.  
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Abd El-Hafeez AA, Khalifa HO, Elgawish 

RA, Shouman SA, Abd El-Twab MH, 
Kawamoto, S. Melilotus indicus extract 

https://www.qeios.com/read/7TICTE


 
 
 
 

Fadal et al.; J. Sci. Res. Rep., vol. 30, no. 10, pp. 28-38, 2024; Article no.JSRR.123678 
 
 

 
37 

 

induces apoptosis in hepatocellular 
carcinoma cells via a                           
mechanism involving mitochondria-
mediated pathways. Cytotechnology. 
2018;70(2):831–842.  
Available:https://doi.org/10.1007/s10616-
018-0195-7 

2. Ragab NA, Aboutabl EA, Marzouk MM, El 
Halawany AM, Farghaly AA, Sleem AA, El 
Sawi S. A. Chemical profiling, in vivo 
antioxidant effect and antimutagenic 
evaluation of Melilotus indicus (L.) all. 
extracts. Tropical Journal of Natural 
Product Research. 2021;5(3):534–          
542. 
Available:https://doi.org/10.26538/tjnpr/v5i
3.19 

3. Ragab NA, EL Sawi SA, Aboutabl EA, El 
Halawany AM, Marzouk MM. A 
comparative review on phytochemical 
constituents and biological effects of 
Melilotus indicus (L.) All. And Melilotus 
messanensis (L.) All., (Fabaceae): 
Evidence for chemosystematic analysis. 
Egyptian Journal of Chemistry. 2022;65 
(2):191–202.  
Available:https://doi.org/10.21608/EJCHE
M.2021.84016.4115 

4. Tiwari P, Mishra. Role of flavonoids in 

DNA damage and carcinogenesis 

prevention. Journal of Carcinogenesis & 

Mutagenesis. 2017;08(04):2–8.  
Available:https://doi.org/10.4172/2157-

2518.1000297 
5. Panche AN, Diwan AD, Chandra SR. 

Flavonoids: An overview. In Journal of 
Nutritional Science. Cambridge University 
Press. 2016;5.  
Available:https://doi.org/10.1017/jns.2016.
41 

6. Ahmed D, Younas S, Mumtaz Q, Mughal 
A. Study of alpha-amylase and urease 
inhibitory activities of Melilotus indicus 
(Linn.) All. In Pak. J. Pharm. Sci. 
2014;27(1). 

7. Sasikumar V. Evaluation of free radical 
scavenging activity of various leaf extracts 
from Kedrostis foetidissima (Jacq.) Cogn. 
Biochemistry & Analytical Biochemistry. 
2014;03(02). 
Available:https://doi.org/10.4172/2161-
1009.1000150 

8. Erenler R, Sen O, Aksit H, Demirtas I, 
Yaglioglu AS, Elmastas M, Telci I. 
Isolation and identification of chemical 
constituents from Origanum majorana and 

investigation of antiproliferative and 
antioxidant activities. Journal of the 
Science of Food and Agriculture. 
2016;96(3):822–836.  
Available:https://doi.org/10.1002/jsfa.7155 

9. Labiad MH, Harhar H, Ghanimi A, 
Tabyaoui M. Phytochemical Screening 
and Antioxidant Activity of Moroccan 
Thymus satureioïdes Extracts. JMES. 
2017;8(6):2132–2139. 
Available:http://www.jmaterenvironsci.com
/ 

10. Giménez BG, Santos MS, Ferrarini M, 
Dos Santos Fernandes JP. Evaluation of 
blockbuster drugs under the rule-of-five. 
Pharmazie. 2010;65(2):148–152. 
Available:https://doi.org/10.1691/ph.2010.
9733 

11. Alanagreh L, Alzoughool F, Atoum M. The 
human coronavirus disease covid-19: Its 
origin, characteristics, and insights into 
potential drugs and its mechanisms. In 
Pathogens MDPI AG. 2020;9(5).  
Available:https://doi.org/10.3390/pathogen
s9050331 

12. Chaves JO, de Souza MC, da Silva LC, 
Lachos-Perez D, Torres-Mayanga PC, 
Machado AP. da F, Forster-Carneiro T, 
Vázquez-Espinosa M, González-de-
Peredo AV, Barbero GF, Rostagno MA. 
Extraction of Flavonoids From Natural 
Sources Using Modern Techniques. In 
Frontiers in Chemistry. Frontiers Media 
S.A. 2020b;8. 
Available:https://doi.org/10.3389/fchem.20
20.507887 

13. Plaskova A, Mlcek J. New insights of the 
application of water or ethanol-water plant 
extract rich in active compounds in food. 
In Frontiers in Nutrition. Frontiers Media 
S.A. 2023;10. 
Available:https://doi.org/10.3389/fnut.2023
.1118761 

14. Banjarnahor SDS, Artanti N. Antioxidant 
properties of flavonoids. Medical Journal 
of Indonesia. 2014;23(4):239–244.  
Available:https://doi.org/10.13181/mji.v23i
4.1015 

15. Peyrot des Gachons C, Breslin PAS. 
(Salivary Amylase: Digestion and 
Metabolic Syndrome. In Current Diabetes 
Reports Current Medicine Group LLC 
2010:16(10).1.  
Available:https://doi.org/10.1007/s11892-
016-0794-7 

16. da Silva SM, Koehnlein EA, Bracht A, 
Castoldi R, de Morais GR, Baesso ML, 

https://doi.org/10.1007/s10616-018-0195-7
https://doi.org/10.1007/s10616-018-0195-7


 
 
 
 

Fadal et al.; J. Sci. Res. Rep., vol. 30, no. 10, pp. 28-38, 2024; Article no.JSRR.123678 
 
 

 
38 

 

Peralta RA, de Souza CGM, de Sá-
Nakanishi AB, Peralta RM. Inhibition of 
salivary and pancreatic α-amylases by a 
pinhão coat (Araucaria angustifolia) 
extract rich in condensed tannin.                 
Food Research International. 2014;56:         
1–8.  
Available:https://doi.org/10.1016/j.foodres.
2013.12.004 

17. Kalinovskii AP, Sintsova OV, Gladkikh IN, 
Leychenko EV. Natural Inhibitors of 
Mammalian α-Amylases as Promising 
Drugs for the Treatment of Metabolic 
Diseases. In International Journal of 
Molecular Sciences. Multidisciplinary 
Digital Publishing Institute (MDPI). 
2023;24(22). 
Available:https://doi.org/10.3390/ijms2422
16514 

18. Arya R, Das A, Prashar V,                          
Kumar M. (n.d.). Potential inhibitors 

against papain-like protease of novel 
coronavirus (SARS-CoV-2) from FDA 
approved drugs; 2020.  
Available:www.drugbank.ca 

19. Chaves JO, de Souza MC, da Silva LC, 
Lachos-Perez D, Torres-Mayanga PC, 
Machado AP. da F, Forster-Carneiro T, 
Vázquez-Espinosa M, González-de-
Peredo AV, Barbero GF, Rostagno MA. 
Extraction of Flavonoids From Natural 
Sources Using Modern Techniques. In 
Frontiers in Chemistry Frontiers Media 
S.A. 2020a;8. 
Available:https://doi.org/10.3389/fchem.20
20.507887 

20. Robbins RJ. Phenolic acids in foods:                   
An overview of analytical methodology. 
Journal of Agricultural and                              
Food Chemistry. 2003;51(10):2866–       
2887.  
Available:https://doi.org/10.1021/jf026182t 

 
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual 
author(s) and contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for 
any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content. 

_______________________________________________________________________________ 
© Copyright (2024): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, 
distribution, and reproduction in any medium, provided the original work is properly cited. 
 

 

 

Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle5.com/review-history/123678  

https://www.sdiarticle5.com/review-history/123678

