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A B S T R A C T   

The prevalence of obesity is rapidly increasing and poses serious health risks accompanied by a decrease in life 
expectancy and quality of life. Therefore, the therapeutic potential of natural-derived nutraceuticals against 
obesity and its comorbidities needs to be explored. Molecular inhibition of lipase enzymes and fat mass and 
obesity-associated (FTO) protein has attracted some recent interest in efforts to find antiobesity agents. This 
study aims to innovate a fermented drink from Clitoria ternatea kombucha (CTK), find out their metabolites 
profile, and determine the antiobesity potential through a molecular docking study. The CTK formulation refers 
to previous research while the metabolites profile was determined using HPLC-ESI-HRMS/MS. Major compounds 
were selected based on best match value > 99.0% of the M/Z cloud database. A total of 79 compounds were 
identified in CTK, and 13 ideal compounds were selected to be simulated in the molecular docking study against 
human pancreatic lipase, α-amylase, α-glucosidase, porcine pancreatic lipase, and FTO proteins. The study found 
that Kaempferol, Quercetin-3β-D-glucoside, Quercetin, Dibenzylamine, and α-Pyrrolidinopropiophenone showed 
the best potential as functional antiobesity compounds since their affinity value ranked high in each respective 
receptor. In conclusion, the major compounds of CTK metabolites have the potential to be promising functional 
foods against obesity. However, further in vitro and in vivo studies should validate these health benefits.   

1. Introduction 

Obesity prevalence has increased considerably over the five decades 
and poses a serious health risk since it significantly raises the risk of type 
2 diabetes mellitus, fatty liver disease, hypertension, myocardial 
infarction, stroke, dementia, osteoarthritis, and cancers, all of which 
have been linked to a decline in life expectancy and quality of life 
(Blüher, 2019). Updated systematic reviews and meta-analyses reported 
pooled prevalence of obesity in adults and older adults of 21.17% and 
17.8%, respectively (Okati-Aliabad et al., 2022; Hajek et al., 2022). 

Obesity is primarily brought on by a long-term energy imbalance be-
tween calories taken (nutrients) and calories expended, as well as ge-
netics, lifestyle, and gut microbiota (Lin and Li, 2021). Change in 
behavior, decrease in energy intake, and increase in energy expenditure 
– especially from the dietary pattern – is necessary for managing obesity 
and body weight (Wiechert and Holzapfel, 2021). Potential therapy for 
obesity and its comorbidities (such as diabetes and metabolic syndrome) 
especially functional foods made from natural ingredients still needs to 
be explored. 

Functional food will always become the main topic in discussing food 

* Corresponding author. 
E-mail address: hardinsyah2010@gmail.com (H. Hardinsyah).   

1 Equal Authorships. 

Contents lists available at ScienceDirect 

Current Research in Food Science 

journal homepage: www.sciencedirect.com/journal/current-research-in-food-science 

https://doi.org/10.1016/j.crfs.2023.100464 
Received 28 November 2022; Received in revised form 14 February 2023; Accepted 16 February 2023   

mailto:hardinsyah2010@gmail.com
www.sciencedirect.com/science/journal/26659271
https://www.sciencedirect.com/journal/current-research-in-food-science
https://doi.org/10.1016/j.crfs.2023.100464
https://doi.org/10.1016/j.crfs.2023.100464
https://doi.org/10.1016/j.crfs.2023.100464
http://crossmark.crossref.org/dialog/?doi=10.1016/j.crfs.2023.100464&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Current Research in Food Science 6 (2023) 100464

2

consumption to manage obesity. Probiotics have become an efficient 
and all-encompassing method for altering the microbiome and reversing 
the microbial dysbiosis brought on by an obesity phenotype (Green 
et al., 2020). Bioactive compounds in the food product, especially 
polyphenols, flavonoids, and dietary fibers may attenuate inflammation 
and exhibit a significant role in preventing obesity (Ramírez-Moreno 
et al., 2022a). Interestingly, fermented foods have been reported to have 
higher bioactive compound availability and health benefits, further 
improving the aspect of functional food (Hussain et al., 2016). One 
example is kombucha which is currently a research trend for functional 
food. 

Catechins, flavonoids, and other polyphenols are abundant in kom-
bucha, a fermented beverage made with SCOBY (symbiotic culture of 
bacteria and yeast) (Abaci et al., 2022). The base beverage of kombucha 
mainly consists of plant-based tea and fruit juice. The application of 
butterfly pea flower (Clitoria ternatea) as a coloring agent and garnish 
component has been familiar in both Indonesia and globally. Moreover, 
butterfly pea flower extract showed beneficial antioxidant and 
obesity-amelioration effects (Thilavech et al., 2021). However, in 
addition to extracts, it is necessary to innovate butterfly pea flower 
(Clitoria ternatea) into various forms of functional food products to make 
it easier to consume and accept, such as in the form of fermented drinks. 
Seeing the potential of the butterfly pea flower, we aim to innovate it 
into a fermented drink and determine the metabolites profile of Clitoria 
ternatea kombucha (CTK) while also validating their antiobesity poten-
tial through computational molecular docking or in silico study. The 
selected target proteins were human pancreatic lipase, α-amylase, 
α-glucosidase, porcine pancreatic lipase, and fat mass and 
obesity-associated (FTO) proteins which in previous studies became 
potential markers for the discovery of new obesity inhibitors (Perma-
tasari et al., 2022a; Cerk et al., 2018; Lunagariya et al., 2014; Zhou et al., 
2021). 

2. Materials and methods 

2.1. Formulation of Clitoria ternatea kombucha (CTK) 

The butterfly pea flower or Clitoria ternatea was collected from 
Yogyakarta, Indonesia (Wirokerten, Banguntapan, Bantul Regency; co-
ordinates: 7.8484152, 110.3993969). The Biology Department at the 
State Islamic University of Sunan Kalijaga Yogyakarta, Indonesia carried 
out the identification and authentication of botanical specialties (Tax-
onomy ID: 43366; NCBI:txid43366). Samples were gathered for feature 
comparison. The double petals of butterfly pea flowers were cleaned and 
then dried in a drying oven 55 at 50 ◦C for 4 h, resulting in dried but-
terfly pea flowers with a 10% moisture content (Martini et al., 2020). 

The CTK drink formula’s components are as follows (Permatasari 
et al., 2022b): 2000 mL of water; 24 g of dried butterfly pea flowers; 300 
g of granulated sugar (sugar cane); 10 g of SCOBY gel; and 166 g v/v of 
SCOBY starter solution (2500 mL). Two liters of water were heated to 
between 50 and 80 ◦C, added with 300 g of sugar cane granules, and 
mixed with 24 g of dried butterfly pea flowers. After stirring the water 
until it developed a deep blue hue, the fire stove was turned off and the 
pan was covered. The mixture was left to cool and then poured into a 
3000 mL sterile bottle. 166 g of SCOBY starting solution and 10 g of 
SCOBY gel were then added to the bottle. The CTK was then kept in 
anaerobic conditions at 20–25 ◦C for 12 days. The bottle was wrapped in 
clean gauze and shut securely. All samples of beverages were kept for 
further study at a refrigerator temperature of 4–8 ◦C after 12 days of 
fermentation (Permatasari et al., 2022b). 

2.2. Untargeted metabolomic profiling of Clitoria ternatea kombucha 
(CTK) 

The untargeted metabolomic profiling test on CTK was analyzed at 
Laboratorium Sentral Ilmu Hayati (LSIH; ISO 9001:2008 and ISO 

17025:2005; Central Laboratory of Life Sciences; Brawijaya University, 
Malang-65145, Indonesia) using a high-performance liquid chroma-
tography system coupled with a high-resolution mass spectrometer (LC- 
HRMS) with the test number of 040/LSIH-UB/LK, referring to Perma-
tasari et al. (2022) (Permatasari et al., 2022b). A volume of 50 μl of CTK 
was centrifuged at 6000 rpm for 2 min after being vortexed 30 times 
with ethanol (96%) at 2000 rpm. Before analysis, supernatants were 
gathered and filtered using 0.22 m syringe filters. Thermo Scientific 
Dionex Ultimate 3000 RSLC Nano High-Performance Liquid Chroma-
tography (HPLC) and a micro flow meter comprised the LC-HRMS sys-
tem. The analytical column was a Hypersil GOLD aQ 50 with a 1 mm x 
1.9 particle size that was kept at 30 ◦C, the solvents A and B contained 
0.1% formic acid dissolved in water, and 0.1% formic acid dissolved in 
acetonitrile, respectively. It was then separated using a linear gradient 
for 30 min at a flow rate of 40 L/min. With a full scan at 70,000 reso-
lution, data-dependent MS2 at 17,500 resolution, and a 30-min opera-
tion period in both positive and negative modes, HRMS utilizes Thermo 
Scientific Q Exactive. 

The data of obtained compounds were sorted according to the 
Advanced Mass Spectral Database (M/Z cloud; https://www.mzcloud. 
org) best match criteria with a match rate of >99.0% followed by a 
molecular docking study. 

2.3. Molecular docking simulation 

2.3.1. Hardware and software 
ASUS Vivobook M413ia – Ek502t with AMD Ryzen 5 4500u (2.3 

GHz) processor, 8 GB DDR4 memory, 512 GB SSD M.2 storage, and 
Windows 10 Home operating system was equipped with ChemDraw 
Ultra 12.0, AutoDock tools (version 4.2), and BIOVIA Discovery soft-
ware. The website of Protein Data Bank (https://www.rcsb.org) and 
PubChem structure database (https://pubchem.ncbi.nlm.nih.gov) were 
also used in this study. All protocols regarding molecular docking 
simulation refer to previous research (Permatasari et al., 2022a). 

2.3.2. Preparation of ligands and targets 
The compounds that were identified as a constituent of the CTK 

metabolites profile were used as test ligands. ChemDraw Ultra 12.0 was 
used to sketch the whole structure in 2D, which was then transformed to 
3D and optimized using the MM2 algorithm. The selected target proteins 
were human pancreatic lipase (PDB ID: 1LPB), α-amylase (PBD ID: 
2QV4), α-glucosidase (PDB ID: 3L4Y), porcine pancreatic lipase (PDB ID: 
1ETH), and Fat mass and obesity-associated (FTO) protein (PDB ID: 
3LFM). All proteins were acquired from the Protein Data Bank via the 
website (https://www.rcsb.org). Kollman charges were applied to the 
receptors while the ligands were added with a Gasteiger charge. 

2.3.3. Validation of molecular docking 
Redocking was used as the molecular docking validation approach. 

Using AutoDock tools (version 4.2), the original ligand was transferred 
to the target pocket with specific grid coordinates. After the re-docking 
method, the ligand position’s RMSD (root-mean-square deviation) must 
be less than 2.0 Å. 

2.3.4. Molecular docking simulation 
The grid and docking parameters were developed using the docking 

validation findings (Table 1). The outcome was recorded in a *dlg file for 
each docking’s final structure of conformation. Analysis was done on the 
ligand-receptor interaction using Discovery Studio 2016. 

3. Results 

3.1. Metabolites profile of Clitoria ternatea kombucha (CTK) 

This latest research succeeded in innovating a fermented drink from 
Clitoria ternatea kombucha (CTK), as well as knowing its main 
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Table 1 
Single chromatogram of 13 major compounds of CTK.  

No Compounds Formula RT 
(min) 

Single Chromatogram  

1 5-Hydroxymethyl-2-furaldehyde C6H6O3 0.899 

2 Dibenzylamine C14H15N 7.286 

3 3-{[(2S,3R,4S,5R,6R)-3,5-dihydroxy-6- 
(hydroxymethyl)-4-{[(2S,3R,4R,5R,6S)-3,4,5- 
trihydroxy-6-methyloxan-2-yl]oxy}oxan-2-yl]oxy}-5,7- 
dihydroxy-2-(4-hydroxyphenyl)-4H-chromen-4-one 

C27H30O15 7.066 

4 Trans-3-Indoleacrylic acid C11H9NO2 3.466 

5 Kaempferol C15H10O6 7.066 

6 Trifolin C21H20O11 7.067 

7 7-Hydroxycoumarine C9H6O3 14.68 

8 Citral C10H16O 6.493 

9 Mauritianin C33H40O19 6.648 

10 Rutin C27H30O16 6.622 

11 Quercetin C15H10O7 6.621 

12 α-Pyrrolidinopropiophenone C13H17NO 16.478 

13 Quercetin-3β-D-glucoside C21H20O12 7.098 

FTMS: Fourier transform mass spectrometry. MW: Molecular weight. 
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metabolite with antiobesity potential via molecular docking studies. A 
total of 79 compounds were identified in CTK based on the untargeted 
metabolomic profiling using LC-HRMS (Table Supplementary 1). The 
majority of these compounds exhibited several health benefits, ranging 
from antioxidant, antiobesity, hypolipidemic, and protection against 
cardiometabolic risk factors. Table 1 lists the detected chemical com-
pounds and their respective single chromatograms. 13 compounds were 
selected as major metabolites as they passed the >99.0% M/Z cloud 
database criteria and had a major abundance, which is ideal to be tested 
in the molecular docking or in silico study. 

3.2. In silico or molecular docking study antiobesity of CTK major 
metabolites based on α-amylase, α-glucosidase, lipase, and FTO protein 
receptor 

As shown in Table 2, the targeted receptors for molecular docking 
assays include human and porcine lipase, a-glucosidase, a-amylase, and 
FTO protein; which passed the validation based on <2 Å Judgement. 

After the validation process was done, the molecular docking simu-
lations against lipase (both human and porcine), α-amylase, α-glucosi-
dase, and FTO protein were performed on 13 selected compounds 
(considering the spectra database match values), acarbose (as the con-
trol for α-amylase and α-glucosidase), and orlistat (as a control for lipase 
and FTO). 

Interestingly, this examination found that almost all major com-
pounds exhibited better binding affinity to all receptors compared to 
acarbose (standard drug or control positive for α-glucosidase and 
α-amylase) and orlistat as a positive control in lipase (Table 3). Only 5- 
Hydroxymethyl-2-furaldehyde (PubChem ID: 237332) showed lower 
affinity to 2QV4 and 1ETH compared to acarbose and orlistat (− 3.20 
against − 3.21 ΔG (kcal/mol); − 3.75 against − 4.48 ΔG (kcal/mol)). 
Quercetin (PubChem ID: 5280343) showed the strongest binding affin-
ity to 1LPB (ΔG = − 7.03 kcal/mol) and 3LFM (ΔG = − 7.78 kcal/mol). 
Dibenzylamine (PubChem ID: 7656) had the best affinity to 2QV4 (ΔG 
= − 7.12 kcal/mol) and 3L4Y (ΔG = − 7.43 kcal/mol). Kaempferol 
(PubChem ID: 5280863) exhibited the most potential interaction with 
1ETH (ΔG = − 8.05 kcal/mol). Furthermore, the molecular docking also 
found that overall, Kaempferol, Quercetin-3β-D-glucoside (PubChem ID: 
5280804), Quercetin, Dibenzylamine, and α-Pyrrolidinopropiophenone 
(PubChem ID: 209045) showed the best potential as the functional an-
tiobesity major compounds since their affinity value ranked high in each 
respective receptors. These comparisons are based on the value of ΔG 
(kcal/mol), and the results of molecular docking tests were listed in 
Table 3. The visualization of the amino acid interactions of the overall 
best-docked compounds against selected target proteins was presented 
in Table 4. 

4. Discussion 

The development of omics technology has led to new disciplines 
emerging, such as Foodomics which studies the relationship between 
food and nutrition or health through an omics approach. This study was 
the first to successfully innovate butterfly pea flowers (C. ternatea) into 

kombucha drinks through SCOBY fermentation and determine their 
metabolites profile through HPLC-ESI-HRMS/MS. Of the 79 compounds 
that were successfully observed, 13 compounds with major abundance 
were successfully sorted based on the spectral database best match (M/Z 
Cloud). Another study also found 13 compounds from C. ternatea flower 
petal extract based on the chromatograms from LC/MS/MS (Chayar-
atanasin et al., 2019). As part of Foodomics, researchers also conducted 
a study to determine the antiobesity potential of those 13 compounds 
against obesity receptors such as human pancreatic lipase (PDB ID: 
1LPB), α-amylase (PBD ID: 2QV4), α-glucosidase (PDB ID: 3L4Y), 
porcine pancreatic lipase (PDB ID: 1ETH), and fat mass and 
obesity-associated (FTO) protein (PDB ID: 3LFM). 

Lipase is the primary enzyme responsible for releasing fatty acids 
(FAs) from triacylglycerol (TG) stores and generating FAs needed for 
cellular lipolysis (Cerk et al., 2018) (Graphical Abstract). Dietary TGs 
are partially hydrolyzed by lipases into free FAs and diacylglycerols that 
are then emulsified with bile salts to create tiny droplets of fat. This 
complete breakdown process yields free FAs, mono– and diacylglycer-
ols, bile salts, fat-soluble vitamins, and lysophosphatidic acid, which 
combine to create mixed micelles that enterocytes can absorb. It has 
been stated that the most extensively researched mechanism for locating 
prospective anti-obesity drugs is pancreatic lipase inhibition (Lunagar-
iya et al., 2014). In this study, almost all compounds showed good 
binding affinity to 1LPB and 1ETH receptors compared to orlistat. 
Quercetin and kaempferol showed the strongest binding affinity to 1LPB 
(ΔG = − 7.03 kcal/mol) and (ΔG = − 8.05 kcal/mol), respectively. 
Quercetin has been known as a promising antiobesity agent that inhibits 
pancreatic lipase activity and fat absorption (Zhou et al., 2021). 
Pancreatic lipase activity was reduced through the binding of quercetin 
to the non-competitive domain of the enzyme. The rat’s postprandial 
serum TG level was significantly decreased by quercetin as there was an 
increase in fat excretion through the feces. Strikingly, kaempferol’s 
capability as a pancreatic lipase inhibitor has been proven, along with its 
synergistic effect with orlistat (Li et al., 2020). Other detected com-
pounds in this study, rutin and citral, also showed therapeutic potential 
related to obesity (Yuan et al., 2017; Sharma et al., 2021). These 
mechanisms may explain and support the results of this study that CTK’s 
metabolites inhibit the activity of pancreatic lipase. 

The salivary glands and pancreas are the main sites of expression for 
amylase, while α-glucosidase is mainly located in small intestine brush 
borders. Both α-glucosidase and α-amylase break down starch and di-
saccharides into glucose as part of their mechanism of action (Etsassala 
et al., 2020) (Graphical Abstract). A study highlighted that α-amylase 
was expressed at higher levels in obesity (Afsartala et al., 2016). It is also 
becoming more evident in pathological conditions like obesity and 
diabetes that inhibiting α-amylase and α-glucosidase may promote 
weight loss and improve glycemic control (Mahmood, 2016). Similar to 
lipase receptors, almost all compounds in this study showed better 
binding affinity to 2QV4 and 3L4Y compared to acarbose. Dibenzyl-
amine had the best affinity to 2QV4 (ΔG = − 7.12 kcal/mol), followed by 
quercetin and kaempferol. On the other hand, dibenzylamine also had 
the strongest affinity to 3L4Y (ΔG = − 7.43 kcal/mol), followed by 
α-pyrrolidinopropiophenone (ΔG = − 7.38 kcal/mol) and kaempferol 

Table 2 
Validation of molecular docking simulation.  

No Drug Target Receptors PDB ID Docking Site (x; y;z) Docking Area (x.y. 
z) 

RMSD 
(Å) 

ΔG (kcal/ 
mol) 

Number in Cluster 
(/100) 

Judgement (<2 
Å) 

1 Human Pancreatic Lipase 1LPB − 0.423, 16.723, 26.546 42 × 40 x 40 1.499 − 4.13 26 Valid 
2 Human Pancreatic α-Amylase 2QV4 12.942, 47.17, 26.2 42 × 40 x 40 1.072 − 8.99 20 Valid 
3 Human Pancreatic 

α-Glucosidase 
3L4Y − 1.542, − 19.201, 

− 21.043 
42 × 42 x 42 1.186 − 4.27 20 Valid 

4 Porcine Pancreatic Lipase 1ETH 54.515, 45.839, 122.106 44 × 44 x 44 1.984 − 8.45 24 Valid 
5 FTO Protein 3LFM 29.043, − 6.644, 

− 29.329 
42 × 42 x 42 0.715 − 6.29 90 Valid 

FTO: fat mass and obesity-associated; PDB ID: Protein Data Bank Identity; RMSD: Root-mean-square deviation. 
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Table 3 
Molecular docking parameter of identified compounds of CTK.  

No. Substance Number in Cluster (/100) ΔG (kcal/mol) Ki 

1LPB 2QV4 3L4Y 1ETH 3LFM 1LPB 2QV4 3L4Y 1ETH 3LFM 1LPB 2QV4 3L4Y 1ETH 3LFM 

control Orlistat 6   4 5 − 2.38   − 4.48 − 3.71 5.22 
mM   

124.59 
uM 

212.83 
uM 

control Acarbose  13 11    − 3.21 − 2.3    166.89 
uM 

1.00 
mM   

1 Kaempferol 61 57 85 100 95 − 6.84 − 6.61 − 6.32 − 8.05 − 7.41 6.97 uM 5.82 uM 19.79 
uM 

934.24 
nM 

2.25 uM 

2 Quercetin 64 82 65 95 95 − 7.03 − 6.77 − 5.77 − 7.85 − 7.78 3.99 uM 6.30 uM 25.65 
uM 

812.39 
nM 

1.32 uM 

3 Quercetin-3β-D-glucoside 83 37 40 91 49 − 6.68 − 6.51 − 5.97 − 7.43 − 7.66 1.78 uM 4.00 uM 12.61 
uM 

2.04 uM 293.55 
nM 

4 7-Hydroxycoumarine 65 100 93 99 98 − 5.44 − 5.05 − 6.09 − 6.1 − 5.92 101.30 
uM 

193.63 
uM 

32.37 
uM 

33.09 
uM 

42.93 
uM 

5 Dibenzylamine 96 79 71 76 79 − 5.96 − 7.12 − 7.43 − 7.49 − 5.85 28.25 
uM 

3.40 uM 1.89 uM 2.18 uM 43.87 
uM 

6 α-Pyrrolidinopropiophenone 79 62 63 93 50 − 5.36 − 6.53 − 7.38 − 7.11 − 5.67 88.06 
uM 

12.75 
uM 

2.21 uM 3.93 uM 56.25 
uM 

7 Mauritianin 6 9 14 9 9 − 3.67 − 5.52 − 4.33 − 6.09 − 6.57 187.98 
uM 

1.46 uM 60.71 
uM 

1.36 uM 606.28 
nM 

8 3-{[(2S,3R,4S,5R,6R)-3,5-dihydroxy-6-(hydroxymethyl)-4- 
{[(2S,3R,4R,5R,6S)-3,4,5-trihydroxy-6-methyloxan-2-yl]oxy}oxan- 
2-yl]oxy}-5,7-dihydroxy-2-(4-hydroxyphenyl)-4H-chromen-4-one 

15 24 13 69 30 − 3.09 − 4.83 − 5.97 − 5.25 − 6.94 147.51 
uM 

73.73 
uM 

3.73 uM 15.23 
uM 

2.00 uM 

9 Rutin 10 27 8 12 24 − 5.73 − 4.81 − 3.79 − 5.9 − 6.49 2.29 uM 56.10 
uM 

159.09 
uM 

2.85 uM 275.88 
nM 

10 5-Hydroxymethyl-2-furaldehyde 90 41 32 45 45 − 3.7 − 3.2 − 4.39 − 3.75 − 4.12 1.56 
mM 

3.56 
mM 

324.30 
uM 

1.54 
mM 

572.22 
uM 

11 Trans-3-Indoleacrylic acid 100 99 44 97 57 − 5.57 − 4.56 − 3.8 − 5.18 − 6.11 73.01 
uM 

413.54 
uM 

1.23 
mM 

124.73 
uM 

27.47 
uM 

12 Citral 93 80 38 77 37 − 4.28 − 4.24 − 4.74 − 5.46 − 4.38 452.25 
uM 

561.06 
uM 

191.84 
uM 

72.61 
uM 

391.89 
uM 

13 Trifolin 44 47 31 40 52 − 6.14 − 5.51 − 5.78 − 5.74 − 7.72 5.17 uM 32.83 
uM 

18.10 
uM 

26.31 
uM 

592.81 
nM  
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(ΔG = − 6.32 kcal/mol). No study regarding the antiobesity and anti-
diabetic potential of dibenzylamine and α-pyrrolidinopropiophenone 
was found. Quercetin has been studied as α-amylase and α-glucosidase 
inhibitors, with a synergistic effect with rutin (Oboh et al., 2015). 
Kaempferol mechanisms in inhibiting α-glucosidase have also been 
proposed. According to Peng et al. (2016), kaempferol bound to 
α-glucosidase with a high affinity that was primarily driven by hydrogen 
bonds and van der Waals forces, and this binding caused α-glucosidase 
to change conformation (Peng et al., 2016). The amino acid residues in 

the active site of α-glucosidase may also interact with kaempferol, 
occupying the catalytic core and ultimately reducing the enzyme’s ac-
tivity. This study also found that citral, rutin, and 7-hydroxycoumarine 
had antidiabetic and antiobesity properties which are in line with 
existing literature (Modak and Mukhopadhaya, 2011; Ghorbani, 2017; 
Li et al., 2017). 

A recently discovered genetic contributor to obesity is the fat mass 
and obesity-associated (FTO) gene. Genetic variants in the FTO gene 
have been linked to human adiposity and metabolic disorders, according 

Table 4 
Amino acid interaction of Clitoria ternatea kombucha active compounds against human pancreatic lipase, α-amylase, α-glucosidase, porcine pancreatic lipase, and fat 
mass and obesity-associated proteins.  

Pancreatic Lipase (1LPB) 

Kaempferol (Ligand Test) Quercetin-3β-D-glucoside (Ligand Test) Quercetin (Ligand Test) 

Dibenzylamine (Ligand Test) α-Pyrrolidinopropiophenone (Ligand Test) Orlistat (Comparison Compound) 

Pancreatic α-Amylase (2QV4) 

Kaempferol (Ligand Test) Quercetin-3β-D-glucoside (Ligand Test) Quercetin (Ligand Test) 

Dibenzylamine (Ligand Test) α-Pyrrolidinopropiophenone (Ligand Test) Acarbose (Comparison Compound) 

Pancreatic α-Glucosidase (3L4Y) 

(continued on next page) 
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Table 4 (continued ) 

Kaempferol (Ligand Test) Quercetin-3β-D-glucoside (Ligand Test) Quercetin (Ligand Test) 

Dibenzylamine (Ligand Test) α-Pyrrolidinopropiophenone (Ligand Test) Acarbose (Comparison Compound) 

Porcine Pancreatic Lipase (1ETH) 

Kaempferol (Ligand Test) Quercetin-3β-D-glucoside (Ligand Test) Quercetin (Ligand Test) 

Dibenzylamine (Ligand Test) α-Pyrrolidinopropiophenone (Ligand Test) Orlistat (Comparison Compound) 

Fat Mass and Obesity-Associated Protein (3LFM) 

Kaempferol (Ligand Test) Quercetin-3β-D-glucoside (Ligand Test) Quercetin (Ligand Test) 

(continued on next page) 
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to genome-wide studies. Energy and adipose tissue homeostasis are 
disturbed by the disruption of FTO enzymatic activity, which dysregu-
lates the genes involved in energy metabolism (Zhao et al., 2014). 
Interestingly, all major compounds in this study exhibited better binding 
affinity to 3LFM compared to orlistat, which supported the fact that 
bioactive compounds – when consumed – contribute clinical implica-
tions on obesity (Ramírez-Moreno et al., 2022b). Furthermore, diet also 
influenced the DNA methylation processes which regulate gene 
expression (Kadayifci et al., 2018). Quercetin showed the strongest 
binding affinity to 3LFM (ΔG = − 7.78 kcal/mol). We also compared our 
result with a similar study by Mohammed et al., 2015) (Mohammed 
et al., 2015). Even though we agreed that quercetin is a potent FTO 
inhibitor, they found that rutin and kaempferol showed lower binding 
affinity to orlistat, which contrasts with our study. These flavonoids – 
which are commonly found in fruits and vegetables – may downregulate 
the FTO gene expression in obesity (Asuquo et al., 2022). 

This early phase of the study used untargeted metabolomic profiling 
and molecular docking simulations to determine the antiobesity po-
tential of CTK. Compared to other in silico studies, we brought a more 
detailed assay on potential antiobesity from CTK by adding the 1ETH 
and 3LFM receptors (Permatasari et al., 2022a). Strong binding affinity 
to the specified target proteins indicates that CTK’s main metabolites 
possess antiobesity potential. Even though the result of this study 
highlighted the good capability of CTK and its bioactive compounds as 
an antiobesity agent, further in vitro and in vivo studies should validate 
this health benefit. For future direction, studies to assess the efficacy of 
CTK and their metabolites on obesity and cholesterol-induced rats or 
animal model are needed to simulate obesity and metabolism similar to 
humans. Furthermore, the potential bioavailability of major metabolites 
elucidated from CTK can be further determined by in vitro digestion 
assays. In addition, it is highly recommended to conduct studies of 
molecular dynamics simulations of ligands or major metabolites that 
have an affinity to the obesity receptors, which is a limitation of the 
results reported in this short communication. 

5. Conclusions 

Clitoria ternatea can be utilized as an innovative antiobesity func-
tional drink such as CTK which has major functional metabolites espe-
cially Kaempferol, Quercetin-3β-D-glucoside, Quercetin, 
Dibenzylamine, and α-Pyrrolidinopropiophenone. These compounds 
showed the best potential as functional antiobesity agents since their 
affinity value ranked high in each respective receptor (compared to the 
control). In conclusion, major metabolites compounds of CTK have the 
potential to be promising functional foods against obesity as evidenced 
by molecular docking while further in vitro and in vivo studies are needed 
to validate the health benefits of CTK. 

Patents 

The CTK formulation used in this study has been registered as a 

patent in Indonesia with Fahrul Nurkolis as the patent holder (Patent 
number S00202205671; https://pdki-indonesia.dgip.go.id/detail/S00 
202205671?type=patent&keyword=Kombucha+Telang). 
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