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Abstract 15 
 16 
Background. This research aims to explore the phenolics identification, phenolics 17 
quantification, antioxidant and potential biofunctional properties of lesser-known Thai fruits and 18 
their potency to treat type 2 diabetes mellitus (T2DM). Including, Antidesma puncticulatum, 19 
Dillenia indica, Diospyros decandra, Elaeagnus latifolia, Flacourtia indica, Garcinia dulcis, 20 
Lepisanthes fruticose, Mimusops elengi, Muntingia calabura, Phyllanthus reticulatus, Streblus 21 
asper, Syzygium cumini, Syzygium malaccense, Willughbeia edulis and Schleichera oleosa were 22 
analyzed by their phenolic and flavonoid content. These fruits have received limited scientific 23 
attention, prompting an investigation into their health benefits, particularly their relevance to 24 
diabetes management. 25 
Methods. The study utilized methanolic crude extracts to measure phenolic and flavonoid levels. 26 
Additionally, UHPLC-DAD was utilized to identify and quantify phenolics. The methanolic 27 
extracts were assessed for antioxidant and antidiabetic abilities, including α-glucosidase and α-28 
amylase inhibition. 29 
Results and Conclusion. The study highlighted S. cumini as a rich source of phenolic (980.42 ± 30 
0.89 mg GAE/g and flavonoid (3.55 ± 0.02 mg QE/g) compounds with strong antioxidant 31 
activity (IC50 by DPPH; 3.00 ± 0.01 µg/ml, IC50 by ABTS; 40 ± 0.01 µg/ml, FRAP; 898.63 ± 32 
0.02 mg TE/ml). Additionally, S. cumini exhibited promising antidiabetic effects (S. cumini IC50; 33 
0.13 ± 0.01 mg/ml for α-glucosidase inhibition, 3.91 ± 0.05 mg/ml for α-amylase inhibition), 34 
compared to Acarbose (IC50; 0.86 ± 0.01 mg/ml for α-glucosidase inhibition, 0.39 ± 0.05 mg/ml 35 
for α-amylase inhibition). Remarkably, compounds like catechins, gallic acid, kaempferol, and 36 
ellagic acid were identified in various quantities. This study suggests that these fruits, packed 37 
with phenolics, hold the potential to be included in an anti-diabetic diet and even pharmaceutical 38 
applications due to their health-promoting properties. 39 



 

 

 40 
Introduction 41 

Diabetes Mellitus (DM) is a serious chronic non-communicable disease that has seen a 42 
dramatic increase in prevalence in the past three decades. According to the World Health 43 
Organization (WHO), around 422 million people worldwide have diabetes, with the majority 44 
living in low-middle-income countries. Diabetes is characterized by high blood glucose levels, 45 
which can damage the heart, blood vessels, eyes, kidneys, and nerves (WHO, 2016). There are 46 
two types of diabetes. Type 1 is caused by β-cell destruction and absolute insulin deficiency 47 
since birth, and type 2 is the most common form and is associated with overweight and obesity, 48 
characterized by various degrees of β-cell dysfunction and insulin resistance. Type 2 diabetes can 49 
be prevented through healthy lifestyle choices such as regular exercise, avoiding smoking, and 50 
eating a healthy diet (Roglic, 2016). Currently, there are various pharmacological approaches to 51 
prevent and treat DM. Antioxidant agents and lifestyle changes to adjust to a healthy diet are 52 
most common. Whereas taking oral hypoglycemic drugs, which inhibit carbohydrate digestion 53 
enzymes such as α-glucosidase and α-amylase, are proven effective in preventing DM but often 54 
have accompanying side effects (Proença et al., 2021).  55 

Efforts to manage and prevent diabetes have led to a multifaceted approach, 56 
encompassing pharmacological interventions and lifestyle modifications. Among these 57 
strategies, the role of antioxidants, particularly those found in natural sources like fruits, has 58 
garnered considerable attention. Antioxidants, particularly phenolics, are crucial in safeguarding 59 
and sustaining the body against diabetes. They work by preventing radical-induced damage to β-60 
cells, which, if unchecked, can lead to β-cell failure and subsequently result in diabetes. 61 
Moreover, these agents contribute to maintaining optimal oxidant levels within β-cells, thereby 62 
reducing oxidative stress (Kaneto et al., 1999). Phenolic compounds have been reported to 63 
inhibit radicals through mechanisms such as hydrogen atom transfer, transfer of a single electron, 64 
sequential proton loss electron transfer, and chelation of transition metals. The hydroxyl group 65 
and benzene ring in their structure play crucial roles. The hydroxyl group functions in 66 
antioxidation by donating electrons to radicals, while the benzene ring stabilizes antioxidant 67 
molecules through reactions with free radicals (Zeb, 2020). Simultaneously, diabetes 68 
management can involve inhibiting enzymes such as α-amylase, which breaks down complex 69 
carbohydrates into smaller polysaccharides, and α-glucosidase, which breaks down disaccharides 70 
and oligosaccharides into glucose. Glucose can ultimately be absorbed by the body. Furthermore, 71 
by inhibiting enzymes, glucose absorption can be slowed down, potentially aiding in controlling 72 
blood sugar levels (Gong et al., 2020). For example, kaempferol inhibits diabetes by boosting 73 
glucose metabolism in skeletal muscle and inhibiting gluconeogenesis in the liver (Alkhalidy et 74 
al., 2018), catechin alleviates hyperglycemia by enhancing insulin sensitivity, reducing oxidative 75 
stress, and modulating mitochondrial function (Wen et al., 2022), ellagic acid lowers glucose and 76 
lipid levels through the inhibition of β-cell apoptosis and the stimulation of insulin production 77 
(Harakeh et al., 2020), and gallic acid has been reported to be found in high content in Indian 78 
gooseberry (Phyllanthus emblica) and has antioxidant and antidiabetic activities by reducing 79 
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blood glucose levels (Elobeid et al., 2015; Sawant et al., 2010). Additionally, a previous study 94 
investigated Thai fruits' antioxidant and antidiabetic activities. Mangosteen (Garcinia 95 
mangostana) fruit peel and Indian gooseberry (Phyllanthus emblica) had high phenolic contents 96 
and antioxidant activities, whereas mulberry (Morus alba) had the strongest α-glucosidase 97 
inhibitory activity (Nanasombat et al., 2018). Brazilian peppertree (Schinus terebinthifolius) had 98 
a high phenolic content, antioxidant activity, and α-glycosidase inhibitory activity (Dedvisitsakul 99 
et al., 2022). 100 

Thailand has a diverse range of fruits every season, yet many of them remain 101 
underexplored in their phytochemical and biological properties. Therefore, this study aims to 102 
evaluate the phytochemical profiles focusing on phenolics, antioxidant potential, and antidiabetic 103 
potentials, particularly the inhibition of carbohydrate digestive enzymes, which can help manage 104 
blood glucose levels, are relevant in diabetes. Hence, the study aimed to investigate the in-vitro 105 
α-amylase and α-glucosidase inhibitory activity of 15 less-researched, selected local fruits in 106 
Thailand, focusing on their commonality, affordability, and accessibility. Including, Antidesma 107 
puncticulatum, Dillenia indica, Diospyros decandra, Elaeagnus latifolia, Flacourtia indica, 108 
Garcinia dulcis, Lepisanthes fruticosa, Mimusops elengi, Muntingia calabura, Phyllanthus 109 
reticulatus Streblus asper, Syzygium cumini, Syzygium malaccense, Schleichera oleosa and 110 
Willughbeia edulis. We anticipate these findings will provide valuable groundwork for future 111 
research on these indigenous Thai fruits' antioxidant and antidiabetic properties. 112 
 113 
Materials & Methods 114 
 115 
Chemicals and reagents 116 

The following chemicals were used in the experiments: HPLC grade water containing 117 
0.1% H2PO4 and methanol containing 0.1% H2PO4 (Phosphoric acid) were used for the HPLC 118 
analysis and purchased from Merck (Darmstadt, Germany). Standard HPLC grade, including 119 
catechin, ellagic acid, epicatechin, epicatechin gallate, gallic acid, and kaempferol, were 120 
purchased from Sigma-Aldrich (St. Louis, MO, US). The Folin-Ciocalteu phenol reagent was 121 
purchased from Merck (Darmstadt, Germany). Methanol A.R. was purchased from RCL Labscan 122 
(Ireland). 2,2-diphenyl-1-picrylhydrazyl (DPPH), gallic acid, acarbose, α-amylase (procaine 123 
pancreas), Dinitrosalicilic acid (DNS), and starch azure were purchased from Sigma-Aldrich 124 
(Germany). TPTZ (2,4,6-tripyridyl-S-triazine), Iron (III) chloride (FeCl3), 2,2'-azino-bis (3-125 
ethylbenzothiazoline-6-sulfonic acid (ABTS), 2-thiobarbituric acid, 2,2’-Azobis(2-126 
amidinopropane) dihydrochloride (AAPH), Trolox (6-hydroxy-2,5,7,8-tetramethyl chromane 2-127 
carboxylic acid), Potassium persulfate (K2S2O8), and sodium carbonate (Na2CO3) were 128 
purchased from Sigma-Aldrich (St. Louis, MO, US). The α-glucosidase (Saccharomyces 129 
cerevisiae) and p-nitrophenyl-α-D-glucopyranoside (pNPG) were obtained from Sisco Research 130 
Laboratories Pvt. Ltd. (India).  131 
 132 
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Samples collection and preparation 143 
In this study, the indigenous Thai fruits were purchased in the ripe stage. 5 kg of each 144 

sample was collected from local markets, as shown in Table 1. The samples were dried in an 145 
oven at 45 °C for 48 hr and afterward finely ground using a mixer until they reached a powdered 146 
consistency. The samples were extracted in triplicate using the following method: 6 g of the 147 
dried samples were extracted with 80% methanol (50 ml) and sonicated for 30 min at 35 °C 148 
using an ultrasonicator (GT SONIC-R3, China). The extracts were filtered through Whatman No. 149 
4 filter paper, and the extraction was concentrated using a rotary evaporator model Büchi 150 
Rotavapor® R-210 (Mumbai, India) at 45°C under a vacuum of 100 mbar. The concentrated 151 
extracts were then stored at -20°C. The extracts were dissolved with 80% methanol for further 152 
HPLC and bioactivity analysis. 153 

  154 
Phytochemical evaluation 155 

Total phenolic content (TPC) was measured in triplicate using the Folin-Ciocalteu (F-C) 156 
method. Briefly, 30 µL of each extract was mixed with 150 µL of Folin-Ciocalteu reagent (25%, 157 
v/v) in a 96-well plate and incubated for 5 min. Then, 120 µL of 10% sodium carbonate was 158 
added to the mixture. The mixture was incubated for 60 min at 25 ºC in the dark, and the 159 
absorbance was recorded at 765 nm using the microplate reader model SparkTM 10M (TECAN, 160 
Switzerland). The results were given as milligrams of gallic acid equivalents per gram of sample 161 
(mg GAE/g) (Blainski et al., 2013).  162 
 The aluminum chloride method analyzed the flavonoid content (TFC) in triplicate. 163 
Briefly, 90 µL of the extract was mixed with 90 µL of a 2% aluminum chloride solution in a 96-164 
well plate. The mixture was incubated for 15 min at 25 ºC, and the absorbance was recorded at 165 
440 nm. The results were presented in milligrams of quercetin equivalents per gram of sample 166 
(mg QE/g) (Molole et al., 2022).  167 
 168 
Identification and quantitative analysis of phenolic compound 169 
 The method was modified by (Soto et al., 2022). Ultra-high pressure liquid 170 
chromatography (UHPLC) was performed on an Agilent 1290 Infinity II LC system (Agilent, 171 
USA), which includes a quaternary solvent pump, an automatic injector, and a column oven. A 172 
diode array detector (DAD) was used for analysis. The extracts were separated using a Raptor 173 
ARC-18 column (150 mm x 4.6 mm, 2.7 µm particle size; Restek, USA). The injection volume 174 
was 10 µL, and the column was maintained at 40 ºC. The mobile phase consisted of a gradient 175 
mixture of solvent A (water containing 0.1% H2PO4) and solvent B (methanol containing 0.1% 176 
H2PO4) with a 0.5 ml/min flow rate. The gradient was started with 90.0% solvent A and 10.0% 177 
solvent B and was adjusted to 82.8% A and 17.2% B at 3 min, 77.0% A and 23.0% B at 6.5 min, 178 
68.7% A and 31.3% B at 8.5 min, 54.0% A and 46.0% B at 10 min, 45.0% A and 55.0% B at 179 
11.5 min, 0.0% A and 100.0% B at 13 min, and 90.0% A and 10.0% B at 17 min. The DAD was 180 
used at 286 nm. Data acquisition and processing were performed using the Agilent HPLC 181 
OpenLAB CDS 2.X software. 182 
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 192 
In vitro antioxidant assays of extracts 193 

2,2-Diphenyl-1-picrylhydrazyl (DPPH) assay was used to determine the antioxidant 194 
activity of the extracts in triplicate. Briefly, 90 µL of the extract was added to 90 µL of 195 
methanolic DPPH dye and 90 µL of methanol in 96-well plates, and the reactants of control were 196 
prepared by adding 90 µL of methanol to 90 µL of methanolic DPPH dye and 90 µL of methanol 197 
in 96-well plates. The mixtures were incubated for 30 min at 25ºC in the dark and the absorbance 198 
was measured at 520 nm.(Molyneux, 2003). 199 

A ferric-reducing antioxidant power (FRAP) assay was used to determine the antioxidant 200 
activity of the extracts. Briefly, the FRAP reagent was prepared by mixing a solution of 10 mM 201 
TPTZ in 40 mM HCl, acetate buffer (300 mM, pH 3.6), and 20 mM FeCl3 at 10:1:1 (v/v/v). The 202 
reactants were prepared by adding 285 µL FRAP reagent to the 15 µL extracts and Trolox (used 203 
as a standard) and then incubated for 30 min in the dark at 25ºC. The absorbance was measured 204 
at 593 nm. The results were expressed as Trolox equivalents (mm TE). The samples were 205 
determined in triplicate (Fernandes et al., 2016). 206 

2,2'-azinobis 3-ethylbenzthiazoline-6-sulfonic acid (ABTS) assay was used to determine 207 
the antioxidant activity of the extracts. The samples were determined in triplicate. Briefly, the 208 
ABTS+ radical was prepared by mixing 2.45 mM K2S2O8 and 7 mM ABTS at a 1:1 (v/v) ratio. 209 
Then, the mixture was incubated at 25ºC and was kept in the dark for 16 hr. The reactants of the 210 
sample were prepared by adding 20 µL of the sample and 180 µL of the ABTS+ radical into 96-211 
well plates; the reactants of control were prepared by adding 20 µL of the methanol and 180 µL 212 
of the ABTS+ radical into 96-well plates. The reactants were incubated for 15 min at 25ºC and 213 
the absorbance was measured at 734 nm (Dong et al., 2015) 214 

The DPPH and ABTS assay results in this study were reported as half-maximal inhibitory 215 
concentration values (IC50), the concentration of a substance that can inhibit 50% of biological 216 
function. The IC50 value was calculated in Equation 1 and Equation 2. The inhibitory 217 
concentration (IC) was calculated by Equation 1, where the absorbance control represents the 218 
absorbance value obtained from the control sample. The absorbance sample represents the 219 
absorbance value obtained from the tested sample. 220 

 221 

%IC = !
!"#$%"&'()!"#$%"&*!"#$%"&'()'()*&+

!"#$%"&'()!"#$%"& " x100%        (Equation 1) 222 

 223 
Then, to determine the IC50, a graph of the relationship between the inhibitory concentration and 224 
percent inhibition was made. The regression equation was derived from the graph, and the IC50 225 
value was calculated by the following equation: "a” represents the slope of the dose-response 226 
curve, while “b” represents the y-intercept of the dose-response curve. 227 

IC50 = !
+,*"
& "          (Equation 2) 228 

 229 
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The anti-diabetic activity was quantified using the α-glucosidase inhibition assay as 241 
follows: 100 µL of potassium phosphate buffer (10 mM, pH 6.8), 20 µL of α-glucosidase 242 
(1U/ml), and 40 µL of extract were mixed into 96-well plates, and afterward incubated for 15 243 
min at 37 ºC. Then, 40 µL of 2mM pNPG were added and incubated for 15 min at 37 ºC. After 244 
the incubation, 100 µL of 0.1 M Na2CO3 were added, and the absorbance was measured at 405 245 
nm. A mixture without the extract was used as a blank, while a mixture without the extract and 246 
enzyme was taken as a control. Acarbose was used in the assay as a positive control. (Lordan et 247 
al., 2013).  248 

 The α-amylase inhibition was determined by the following method: 40 µL of the extract 249 
and 40 µL of 1% starch solution were added into a microcentrifuge tube (1.5 ml, Thermo Fisher), 250 
incubated for 10 min at 25 ºC. Then, 40 µL of α-amylase solution (0.5 mg/ml) was added and 251 
incubated for 10 min at 25 ºC. Afterward, 80 µL of DNS was added and incubated for 5 min at 252 
100 ºC. The reactants were cooled at 0 ºC for 5 min. Next, 50 µL of the reactant’s solution and 253 
200 µL of DI water were added to 96-well plates. The absorbance was measured at 540 nm. A 254 
mixture without the extract was used as a blank, while a mixture without the extract and enzyme 255 
was taken as a control. Acarbose was used in the assay as a positive control. (Figueiredo-256 
Gonzalez et al., 2016). 257 

The inhibition of α-glucosidase and α-amylase was determined using Equation 1. After 258 
determining IC, the IC50 values were calculated using Equation 2. 259 
 260 
Statistical analysis 261 
 A two-way analysis of variance was performed in the Jamovi Program (The Jamovi 262 
project, 2019) version 0.9.5.12 to determine the effect of indigenous Thai fruit extracts on 263 
chemical constituents and bioactivities. Post-hoc comparisons between the extracts were 264 
performed with Tukey's HSD test. The p-values < 0.05 were considered statistically significant. 265 
 266 
Results 267 
 268 
Phytochemical evaluation 269 

Methanolic extracts were used for phytochemical evaluation in this study. The total 270 
phenolic content was reported as gallic acid equivalents per gram of methanolic extract (mg 271 
GAE/g). As shown in Table 2, the highest amounts of total phenolic contents were found in S. 272 
cumini (980.42 ± 0.89 mg GAE/g), followed by S. malaccense (235.98 ± 0.41 mg GAE/g), and 273 
L. fruticose (188.19 ± 0.95 mg GAE/g), respectively. Furthermore, this study compared the 274 
quantity of flavonoids in 15 fruits. As shown in Table 2, the total flavonoid content was reported 275 
as quercetin equivalents per gram of methanolic extract (mg QE/g). The highest amounts of 276 
flavonoid content were found in S. cumini (3.55 ± 0.02 mg QE/g), followed by E. latifolia (1.06 277 
± 0.08 mg QE/g), D. indica (0.94 ± 0.14 mg QE/g), and L. fruticosa (0.77 ± 0.05 mg QE/g), 278 
respectively. These findings indicate that S. cumini could be a good source of phenolic and 279 
flavonoid supplements compared to all of the fruits in this study. The variation in total phenolic 280 
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and flavonoid content among samples may be due to genetic factors and ecological conditions. 286 
The high phenolic and flavonoid content in S. cumini is consistent with previous studies 287 
demonstrating its potential health benefits. S. cumini, therefore, offers antioxidant, anti-288 
inflammatory, and anti-diabetic properties (Priya et al., 2017). 289 
 290 
Identification and quantitative analysis of phenolic compound 291 

The methanolic crude extract was analyzed for phenolic compounds through ultra-high-292 
performance liquid chromatography (UHPLC) at a wavelength of 286 nm. The study identified 293 
six phenolic compounds (catechin, epicatechin, epicatechin gallate, gallic acid, kaempferol, and 294 
ellagic acid). The results, presented in Table 3, showed that catechin has the highest 295 
concentration in S. cumini (2048.83 ± 0.98 µg/mg), followed by S. oleosa (728.26 ± 0.69 296 
µg/mg), and L. fruticose (473.79 ± 0.58 µg/mg). Epicatechin had the high concentration in S. 297 
cumini (5397.40 ± 0.03 µg/mg), and M. calabura (1101.8 ± 0.16 µg/mg). Epicatechin gallate was 298 
abundant in S. cumini (3843.07 ± 1.93 µg/mg). Ellagic acid was found in high concentrations in 299 
S. cumini (172.45 ± 0.16 µg/mg), and M. calabura (89.91 ± 0.63 µg/ml). Kaempferol was 300 
detected in low concentrations in G. dulcis (24.45 ± 0.95 µg/ml), F. indica (16.75 ± 0.11 µg/mg), 301 
and D. indica (13.85 ± 0.99 µg/mg). Gallic acid was found in most of the samples, with the 302 
highest concentration in M. calabura (2118.55 ± 0.44 µg/mg), followed by M.s elengi (689.26 ± 303 
0.49 µg/mg), and G. dulcis (552.51 ± 0.99 µg/mg). 304 

 305 
Antioxidant capacities of crude extracts 306 
 The methanolic extracts were determined for antioxidant activities using three assays: 307 
DPPH, FRAP, and ABTS, shown in Table 4. The DPPH assay is a colorimetric reaction that is 308 
widely used and easy to perform. The results are expressed as IC50 value and indicate that S. 309 
cumini (IC50 value of 3.00 ± 0.01 µg/ml) had the highest antioxidant potential among the 310 
compounds tested, followed by D. decandra (IC50 value of 110 ± 0.04 µg/ml), and G. dulcis 311 
(IC50 value of 120 ± 0.01 µg/ml). The ABTS assay measures the ability of antioxidants to 312 
scavenge ABTS radicals generated in aqueous phase. The results are expressed as mg of Trolox 313 
and show that S. cumini (IC50 value of 40 ± 0.01 µg/ml) had the highest antioxidant potential, 314 
followed by S. malaccense (IC50 value of 430 ± 0.02 µg/ml) and L. fruticose (IC50 value of 500 ± 315 
0.06 µg/ml). The FRAP assay measures the antioxidant capacity by reducing ferric ions to 316 
ferrous ions, and the results are expressed as Fe2+ equivalents or FRAP values. The results 317 
revealed that S. cumini (898.63 ± 0.02 mg TE/ml) had the highest antioxidant potential, followed 318 
by S. malaccense (484.75 ± 0.66 mg TE/ml), and A. puncticulatum (169.41 ± 0.69 mg TE/ml). 319 
Overall, the results indicate that S. cumini and S. malaccense are excellent sources of antioxidant 320 
compounds. 321 
 322 
Antidiabetic activities of crude extracts 323 
 The antidiabetic capacity of methanolic extracts was determined using two key enzyme 324 
assays. Including α-glucosidase inhibition and α-amylase inhibition. The α-glucosidase inhibition 325 
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assay measures the potential of antidiabetic activity, and the results are expressed as IC50. The 331 
results, shown in Table 5, reveal that S. cumini (IC50 value of 0.13 ± 0.01 mg/ml) had the highest 332 
potential of α-glucosidase inhibition among the samples tested, followed by M. calabura (IC50 333 
value of 3.27 ± 0.82 mg/ml), and D. decandra (IC50 value of 3.96 ± 0.19 mg/ml). Additionally, 334 
Acarbose was included as a positive control, exhibiting an IC50 value of 0.86 ± 0.01 mg/ml. The 335 
α-amylase inhibition assay is also used to measure the potential of antidiabetic activity and the 336 
results are expressed as IC50 values. The results, shown in Table 5, emphasize that S. cumini 337 
(IC50 value of 3.91 ± 0.05 mg/ml) had the highest ability of α-amylase inhibition, followed by L. 338 
fruticosa (IC50 value of 4.14 ± 0.04 mg/ml), and W. edulis (IC50 value of 4.88 ± 0.02 mg/ml). 339 
Acarbose, the positive control, exhibited an IC50 value of 0.39 ± 0.05 mg/ml. Overall, the results 340 
indicate that S. cumini has the highest potential for antidiabetic activity among the samples 341 
tested. 342 

 343 
Discussion 344 
 345 
This study investigated the total bioactive content encompassing phenolic and flavonoid content. 346 
Besides, we used three different radical scavenging assays to analyze the antioxidant abilities of 347 
various fruit extracts. The assays included the DPPH assay and the measurement of the sample's 348 
ability to scavenge DPPH radicals. DPPH radicals are soluble in organic media, and thus, DPPH 349 
is commonly used to screen for bioactive compounds such as phenols and flavonoids ￼; the 350 
ABTS assay measures the sample's ability to scavenge ABTS radical cations. ABTS radicals are 351 
soluble in organic and aqueous mediums, allowing them to screen for lipophilic and hydrophilic 352 
samples. The FRAP assay measures the reducing power of the sample (Sadeer et al., 2020). We 353 
have chosen these three assays to ensure the reliability of our results. We also analyzed 354 
antidiabetic activity by measuring the inhibition of two key enzyme activities: α-amylase, which 355 
breaks down complex carbohydrates into smaller polysaccharides, and α-glucosidase, which 356 
breaks down disaccharides and oligosaccharides into glucose that can be absorbed by the human 357 
body (Li et al., 2022). All plant extracts exhibited antioxidant activity in all three assays and 358 
antidiabetic activity in both enzyme assays. In particular, S. cumini showed prominent 359 
antioxidant and antidiabetic activities and had the highest total phenolic and flavonoid content 360 
among all samples. The correlation analysis with Pearson's correlation test reveals the correlation 361 
matrix between Total Flavonoid Content (TFC), Total Phenolic Content (TPC), antioxidant 362 
properties (FRAP, ABTS, DPPH), and antidiabetic properties (α-amylase inhibition, α-363 
glucosidase inhibition) reveals several significant relationships. Notably, TFC is strongly 364 
positively correlated with FRAP (r =0.97) and ABTS (r =0.76), while TPC is moderately 365 
correlated with α-amylase inhibition (r =0.53). However, TPC shows strong negative 366 
correlations with TFC (r =-0.96) and FRAP (r =-1), possibly because the total phenolic content in 367 
plants can vary significantly, with non-flavonoid phenolics potentially being more predominant 368 
and contributing to higher total phenolic content (John et al., 2016), and a moderate negative 369 
correlation with ABTS (r =-0.53). These findings are consistent with previous research, showing 370 
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that specific structural features in flavonoids, such as hydroxyl groups and double bonds, can 385 
enhance their antioxidant and antidiabetic properties (Ahmed et al., 2018; Sarian et al., 2017). 386 
Furthermore, higher intake of total flavonoids has been associated with a decreased risk of 387 
developing type 2 diabetes mellitus (Xu et al., 2018). Additionally, this research conducted a 388 
comparative analysis of various commercial fruits through an extensive review of the existing 389 
literature, which used a similar extraction method. The assessment of antioxidant properties, as 390 
measured by the DPPH assay, revealed that the samples examined in this study, which included 391 
S. cumini, D. decandra, F. indica, S. malaccense, and P. reticulatus, exhibited superior 392 
antioxidant properties when compared to well-known fruits such as Punica granatum 393 
(Pomegranate, DPPH IC50 0.32±0.01 mg/ml), Malus domestica (Apple, DPPH IC50 1.65±0.04 394 
mg/ml), Prunus armeniaca (Apricot, DPPH IC50 1.67±0.03 mg/ml), Citrus reticulata (Mandarin, 395 
DPPH IC50 4.92±0.09 mg/ml), and Prunus persica (Peach, DPPH IC50 0.98±0.02 mg/ml) (Habiba 396 
et al., 2020). Furthermore, this research involved a comparative analysis of the antidiabetic 397 
capabilities of the studied fruits. Notably, S. cumini in this study demonstrated superior α-398 
amylase and α-glucosidase inhibition compared to commercially known fruits, including 399 
Mangifera indica (mango, α- amylase inhibition; IC50 0.287 mg/ml and α- glucosidase inhibition; 400 
IC50 112.8 mg/ml) (Sekar et al., 2019), Citrus macroptera (wild orange, α- amylase inhibition; 401 
IC50 3.638±0.19 mg/ml) (Uddin et al., 2014), Malus domestica (α- amylase inhibition; IC50 0.25 402 
mg/ml) (Utami et al., 2019), Prunus armeniaca (α- amylase inhibition; IC50 1.30±0.02 mg/ml) 403 
(Kaya et al., 2021), and Prunus persica (α- amylase inhibition; IC50 3.24 ± 0.05 mg/ml and α- 404 
glucosidase inhibition; IC50 7.20 ± 0.20mg/ml) (Nowicka et al., 2023).  405 

Based on the preceding results regarding total phenolic and flavonoid content, the next 406 
investigation focuses on identifying the specific phenolic compound in the crude extract. The 407 
study identified and quantified phenolic compounds in crude extracts. Catechins (including 408 
catechin, epicatechin, and epicatechin gallate) were abundant in S. cumini, while epicatechin was 409 
abundant in M. calabura. Gallic acid was found in most samples and was particularly abundant 410 
in M. calabura. Kaempferol was present in small amounts in most samples, and ellagic acid was 411 
found in low amounts in some of the samples analyzed. Due to the results, we expected that 412 
catechins might be one of the powerful active compounds for antioxidant and antidiabetic 413 
activities. Likewise, studies have shown that catechins have a powerful antioxidant activity by 414 
scavenging free radicals. Potential antidiabetic inhibition can be achieved by reducing reactive 415 
oxygen species by suppressing NADPH oxidase activity (Mrabti et al., 2018). Improving 416 
mitochondrial function causes insulin release, increasing the inhibition of blood glucose. 417 
Furthermore, an improvement in intestinal function and high anti-inflammatory activity can be 418 
noticed (Wen et al., 2022). Gallic acid was reported as a powerful antioxidant and antidiabetic 419 
agent (Salih, 2010). Kaempferol has been demonstrated to effectively inhibit α-glucosidase 420 
activity, thereby regulating glucose levels in the body (Pereira et al., 2011). Additionally, another 421 
study confirmed its anti-α-glucosidase properties. The results indicate that kaempferol, with its 422 
lower IC50 value, is a more potent α-glucosidase inhibitor than quercetin (Yulia et al., 2020). 423 
Ellagic acid has been reported for its antioxidant ability through the scavenging of reactive 424 
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oxygen species. It increases the expression of antioxidant enzymes such as superoxide dismutase, 433 
glutathione peroxidase, glutathione reductase, and catalase(Sharifi et al., 2022). Another study 434 
discovered that kaempferol led to a dose-dependent increase in serum insulin levels in diabetic 435 
rats (Fatima et al., 2017). In addition, the increase of blood glucose causes oxidative stress in β-436 
cell and leads to dysfunction, apoptosis, and necrosis of β-cell. This affects insulin secretion and 437 
function, which can lead to diabetes. Therefore, increased free radical scavenging agents can 438 
lower the risk of diabetes and alleviate its symptoms (Sun et al., 2021).  439 
 440 
 441 
 442 
 443 
Conclusion 444 
 445 

This research focused on the antioxidant and antidiabetic activities and the phytochemical 446 
evaluation of various samples. For the phytochemical evaluation, methanolic extracts were used; 447 
the highest total phenolic contents were found in S. cumini, followed by S. malaccense and L. 448 
fruticose, respectively. The highest amounts of flavonoids were found in S. cumini, followed by 449 
E. latifolia, D. indica, and L. fruticosa. It was found that S. cumini could be considered a good 450 
source of phenolic and flavonoid supplements compared to other fruits in this research. Three 451 
assays were used to measure the antioxidant capacities of crude extracts: DPPH, FRAP, and 452 
ABTS. The results revealed that S. cumini has the highest antioxidant potential among the 453 
compounds tested. The antioxidant activities of S. cumini and S. malaccense positively correlate 454 
to their total phenolic content. Two assays were used for antidiabetic activities of crude extracts: 455 
α-glucosidase inhibition and α-amylase inhibition. The results showed that S. cumini has the 456 
highest potential for α-glucosidase and α-amylase inhibition among the samples tested, 457 
indicating that it has the highest potential for antidiabetic activity. This study involves a 458 
preliminary assessment of antioxidant and antidiabetic activities in crude extracts. We propose 459 
further fractionation and purification of the extract to enhance bioactivities, pinpointing the 460 
active compound responsible for these effects. Moreover, we recommend conducting in vivo and 461 
clinical tests to validate these findings for future research. 462 
 463 
Acknowledgments 464 
 465 

The authors thank the Natural Products Extraction and Isolation Laboratory, Department 466 
of Medical Sciences, for providing the equipment. Special thanks are also extended to Mr. 467 
Aussavashai Shuayprom for valuable advice. 468 
 469 
References 470 
 471 

Deleted:  and472 
Deleted: In another473 
Deleted: , it was474 

Deleted: leads475 
Deleted: an increase in476 

Deleted: Conclusions¶477 
¶478 

Deleted: both 479 
Deleted: , along with480 
Deleted: ,481 

Formatted: Font: Not Italic
Formatted: Font: Not Italic

Deleted: ,482 

Deleted: , respectively.483 
Deleted: for484 
Deleted: ,485 
Deleted: For486 
Deleted: , three assays were used487 
Deleted: are 488 
Deleted: correlated489 
Deleted: For490 
Deleted: , two assays were used491 
Deleted: inhibition 492 
Deleted: for future research 493 

Deleted: wish to 494 



 

 

Ahmed, Q. U., Sarian, M. N., Mat So'ad, S. Z., Latip, J., Arief Ichwan, S. J., Hussein, N. N., . . . Fakurazi, 495 
S. (2018). Methylation and Acetylation Enhanced the Antidiabetic Activity of Some Selected 496 
Flavonoids: In Vitro, Molecular Modelling and Structure Activity Relationship-Based Study. 497 
Biomolecules, 8(4). doi:10.3390/biom8040149 498 

Alkhalidy, H., Moore, W., Wang, Y., Luo, J., McMillan, R. P., Zhen, W., . . . Liu, D. (2018). The 499 
Flavonoid Kaempferol Ameliorates Streptozotocin-Induced Diabetes by Suppressing Hepatic 500 
Glucose Production. Molecules, 23(9). doi:10.3390/molecules23092338 501 

Blainski, A., Lopes, G. C., & de Mello, J. C. (2013). Application and analysis of the folin ciocalteu 502 
method for the determination of the total phenolic content from Limonium brasiliense L. 503 
Molecules, 18(6), 6852-6865. doi:10.3390/molecules18066852 504 

Dong, J., Cai, L., Xing, Y., Yu, J., & Ding, Z. (2015). Re-evaluation of ABTS+ Assay for Total 505 
Antioxidant Capacity of Natural Products. Natural Product Communications, 10, 2169 - 2172. 506 
doi:https://doi.org/10.1177/1934578X1501001239 507 

Elobeid, M. A., & Ahmed, E. A. (2015). Antidiabetic Efficacy of Aqueous Fruit Extract of Amla 508 
(Emblica officinalis, Gaertn) in Streptozotocin-Induced Diabetes Mellitus in Male Rats. Tropical 509 
Journal of Pharmaceutical Research, 14(5). doi:10.4314/tjpr.v14i5.9 510 

Fatima, N., Hafizur, R. M., Hameed, A., Ahmed, S., Nisar, M., & Kabir, N. (2017). Ellagic acid in 511 
Emblica officinalis exerts anti-diabetic activity through the action on beta-cells of pancreas. 512 
European Journal of Nutrition, 56(2), 591-601. doi:10.1007/s00394-015-1103-y 513 

Fernandes, R. P., Trindade, M. A., Tonin, F. G., Lima, C. G., Pugine, S. M., Munekata, P. E., . . . de 514 
Melo, M. P. (2016). Evaluation of antioxidant capacity of 13 plant extracts by three different 515 
methods: cluster analyses applied for selection of the natural extracts with higher antioxidant 516 
capacity to replace synthetic antioxidant in lamb burgers. Journal of Food Science and 517 
Technology, 53(1), 451-460. doi:10.1007/s13197-015-1994-x 518 

Figueiredo-Gonzalez, M., Grosso, C., Valentao, P., & Andrade, P. B. (2016). alpha-Glucosidase and 519 
alpha-amylase inhibitors from Myrcia spp.: a stronger alternative to acarbose? Journal of 520 
Pharmaceutical and Biomedical Analysis, 118, 322-327. doi:10.1016/j.jpba.2015.10.042 521 

Gong, L., Feng, D., Wang, T., Ren, Y., Liu, Y., & Wang, J. (2020). Inhibitors of alpha-amylase and 522 
alpha-glucosidase: Potential linkage for whole cereal foods on prevention of hyperglycemia. 523 
Food Science and Nutrition, 8(12), 6320-6337. doi:10.1002/fsn3.1987 524 

Gulcin, I., & Alwasel, H. (2023). DPPH Radical Scavenging Assay. Processes, 11(8). 525 
doi:10.3390/pr11082248 526 

Habiba, D., Seddik, K., & Amel, B. (2020). Antioxidant activity and phenolic content of commonly 527 
consumed fruits and vegetables in Algeria. Progress in Nutrition 2020, 22, 224-235 528 
doi:10.23751/pn.v22i1.7701 529 

Harakeh, S., Almuhayawi, M., Jaouni, S. A., Almasaudi, S., Hassan, S., Amri, T. A., . . . Mousa, S. A. 530 
(2020). Antidiabetic effects of novel ellagic acid nanoformulation: Insulin-secreting and anti-531 
apoptosis effects. Saudi Journal of Biological Sciences, 27(12), 3474-3480. 532 
doi:10.1016/j.sjbs.2020.09.060 533 

John, B., George, S., Sulaiman, C., & Reddy, V. (2016). Total phenolics and flavonoids in selected 534 
medicinal plants from Kerala. International Journal of Pharmacy and Pharmaceutical Sciences, 535 
6(1).  536 

Kaneto, H., Kajimoto, Y., Miyagawa, J., Matsuoka, T., Fujitani, Y., Umayahara, Y., . . . Hori, M. (1999). 537 
Beneficial effects of antioxidants in diabetes: possible protection of pancreatic beta-cells against 538 
glucose toxicity. Diabetes, 48(12), 2398-2406. doi:10.2337/diabetes.48.12.2398 539 

Kaya, G., & Keski, M. (2021). Comparison of antidiabetic and antioxidant activities of sweet and bitter 540 
apricot kernels. Progress in Nutrition, 23. doi:10.23751/pn.v23i2.10472 541 

Li, X., Bai, Y., Jin, Z., & Svensson, B. (2022). Food-derived non-phenolic α-amylase and α-glucosidase 542 
inhibitors for controlling starch digestion rate and guiding diabetes-friendly recipes. Lebensmittel-543 
Wissenschaft & Technologie, 153. doi:10.1016/j.lwt.2021.112455 544 

Deleted: Ahmed, Q. U., Sarian, M. N., Mat So'ad, S. Z., 620 
Latip, J., Arief Ichwan, S. J., Hussein, N. N., . . . Fakurazi, 621 
S. (2018). Methylation and Acetylation Enhanced the 622 
Antidiabetic Activity of Some Selected Flavonoids: In 623 
Vitro, Molecular Modelling and Structure Activity 624 
Relationship-Based Study. Biomolecules, 8(4). 625 
doi:10.3390/biom8040149¶626 
Alkhalidy, H., Moore, W., Wang, Y., Luo, J., McMillan, R. 627 
P., Zhen, W., . . . Liu, D. (2018). The Flavonoid 628 
Kaempferol Ameliorates Streptozotocin-Induced Diabetes 629 
by Suppressing Hepatic Glucose Production. Molecules, 630 
23(9). doi:10.3390/molecules23092338¶631 
Blainski, A., Lopes, G. C., & de Mello, J. C. (2013). 632 
Application and analysis of the folin ciocalteu method for 633 
the determination of the total phenolic content from 634 
Limonium brasiliense L. Molecules, 18(6), 6852-6865. 635 
doi:10.3390/molecules18066852¶636 
Dong, J., Cai, L., Xing, Y., Yu, J., & Ding, Z. (2015). Re-637 
evaluation of ABTS+ Assay for Total Antioxidant 638 
Capacity of Natural Products. Natural Product 639 
Communications, 10, 2169 - 2172. 640 
doi:https://doi.org/10.1177/1934578X1501001239¶641 
Elobeid, M. A., & Ahmed, E. A. (2015). Antidiabetic 642 
Efficacy of Aqueous Fruit Extract of Amla (Emblica 643 
officinalis, Gaertn) in Streptozotocin-Induced Diabetes 644 
Mellitus in Male Rats. Tropical Journal of Pharmaceutical 645 
Research, 14(5). doi:10.4314/tjpr.v14i5.9¶646 
Fatima, N., Hafizur, R. M., Hameed, A., Ahmed, S., Nisar, 647 
M., & Kabir, N. (2017). Ellagic acid in Emblica officinalis 648 
exerts anti-diabetic activity through the action on beta-cells 649 
of pancreas. European Journal of Nutrition, 56(2), 591-650 
601. doi:10.1007/s00394-015-1103-y¶651 
Fernandes, R. P., Trindade, M. A., Tonin, F. G., Lima, C. 652 
G., Pugine, S. M., Munekata, P. E., . . . de Melo, M. P. 653 
(2016). Evaluation of antioxidant capacity of 13 plant 654 
extracts by three different methods: cluster analyses 655 
applied for selection of the natural extracts with higher 656 
antioxidant capacity to replace synthetic antioxidant in 657 
lamb burgers. Journal of Food Science and Technology, 658 
53(1), 451-460. doi:10.1007/s13197-015-1994-x¶659 
Figueiredo-Gonzalez, M., Grosso, C., Valentao, P., & 660 
Andrade, P. B. (2016). alpha-Glucosidase and alpha-661 
amylase inhibitors from Myrcia spp.: a stronger alternative 662 
to acarbose? Journal of Pharmaceutical and Biomedical 663 
Analysis, 118, 322-327. doi:10.1016/j.jpba.2015.10.042¶664 
Gong, L., Feng, D., Wang, T., Ren, Y., Liu, Y., & Wang, J. 665 
(2020). Inhibitors of alpha-amylase and alpha-glucosidase: 666 
Potential linkage for whole cereal foods on prevention of 667 
hyperglycemia. Food Science and Nutrition, 8(12), 6320-668 
6337. doi:10.1002/fsn3.1987¶669 
Gulcin, I., & Alwasel, H. (2023). DPPH Radical 670 
Scavenging Assay. Processes, 11(8). 671 
doi:10.3390/pr11082248¶672 
Habiba, D., Seddik, K., & Amel, B. (2020). Antioxidant 673 
activity and phenolic content of commonly consumed fruits 674 
and vegetables in Algeria. Progress in Nutrition 2020, 22, 675 
224-235 doi:10.23751/pn.v22i1.7701¶676 
Harakeh, S., Almuhayawi, M., Jaouni, S. A., Almasaudi, 677 
S., Hassan, S., Amri, T. A., . . . Mousa, S. A. (2020). 678 
Antidiabetic effects of novel ellagic acid nanoformulation: 679 
Insulin-secreting and anti-apoptosis effects. Saudi Journal 680 ... [1]



 

 

Lordan, S., Smyth, T., Vila, A., Stanton, C., & Ross, R. (2013). The α-amylase and α-glucosidase 681 
inhibitory effects of Irish seaweed extracts. Food Chemistry(141), 2170–2176. 682 
doi:10.1016/j.foodchem.2013.04.123 683 

Molole, G. J., Gure, A., & Abdissa, N. (2022). Determination of total phenolic content and antioxidant 684 
activity of Commiphora mollis (Oliv.) Engl. resin. BMC Chemistry, 16(1), 48. 685 
doi:10.1186/s13065-022-00841-x 686 

Molyneux, P. (2003). The use of The Stable Free Radical Diphenylpicrylhydrazyl (DPPH) for Estimating 687 
Antioxidant Activity. Songklanakarin Journal of Science and Technology, 26, 211-219.  688 

Mrabti, H. N., Jaradat, N., Fichtali, I., Ouedrhiri, W., Jodeh, S., Ayesh, S., . . . Faouzi, M. E. A. (2018). 689 
Separation, Identification, and Antidiabetic Activity of Catechin Isolated from Arbutus unedo L. 690 
Plant Roots. Plants, 7(2). doi:10.3390/plants7020031 691 

Musial, C., Kuban, A., & Gorska, M. (2020). Beneficial Properties of Green Tea Catechins. International 692 
Journal of Molecular Sciences, 21(5). doi:10.3390/ijms21051744 693 

Nanasombat, S., Yansodthee, K., & Jongjaited, I. (2018). Evaluation of Antidiabetic, Antioxidant and 694 
Other Phytochemical Properties of Thai Fruits, Vegetables and Some Local Food Plants. 695 
Agricultural Technology and Biological Sciences, 16(11), 851-866.  696 

Nowicka, P., Wojdylo, A., Tkacz, K., & Turkiewicz, I. P. (2023). Quantitative and qualitative 697 
determination of carotenoids and polyphenolics compounds in selected cultivars of Prunus 698 
persica L. and their ability to in vitro inhibit lipoxygenase, cholinoesterase, alpha-amylase, alpha-699 
glucosidase and pancreatic lipase. Food Chemistry X, 17, 100619. 700 
doi:10.1016/j.fochx.2023.100619 701 

Pereira, D. F., Cazarolli, L. H., Lavado, C., Mengatto, V., Figueiredo, M. S., Guedes, A., . . . Silva, F. R. 702 
(2011). Effects of flavonoids on alpha-glucosidase activity: potential targets for glucose 703 
homeostasis. Nutrition, 27(11-12), 1161-1167. doi:10.1016/j.nut.2011.01.008 704 

Priya, S. H., Prakasan, N., & Purushothaman, J. (2017). Antioxidant activity, phenolic-flavonoid content 705 
and high-performance liquid chromatography profiling of three different variants of Syzygium 706 
cumini seeds: A comparative study. Journal of Intercultural Ethnopharmacology, 6(1), 107-114. 707 
doi:10.5455/jice.20161229055555 708 

Proença, C., Ribeiro, D., Freitas, M., & Fernandes, E. (2021). Flavonoids as potential agents in the 709 
management of type 2 diabetes through the modulation of αamylase and α-glucosidase activity: a 710 
review. Critical Reviews in Food Science and Nutrition. doi:10.1080/10408398.2020.1862755 711 

Roglic, G. (2016). WHO Global report on diabetes: A summary. International journal of 712 
noncommunicable diseases, 1, 3-8.  713 

Sadeer, N., Montesano, D., Albrizio, S., Zengin, G., & Mahomoodally, M. (2020). The Versatility of 714 
Antioxidant Assays in Food Science and Safety-Chemistry, Applications, Strengths, and 715 
Limitations. Antioxidants, 9(8). doi:10.3390/antiox9080709 716 

Sarian, M. N., Ahmed, Q. U., Mat So'ad, S. Z., Alhassan, A. M., Murugesu, S., Perumal, V., . . . Latip, J. 717 
(2017). Antioxidant and Antidiabetic Effects of Flavonoids: A Structure-Activity Relationship 718 
Based Study. Biomed Res Int, 2017, 8386065. doi:10.1155/2017/8386065 719 

Sawant, L., Pandita, N., & Prabhakar, B. (2010). Determination of gallic acid in Phyllanthus emblica 720 
Linn. dried fruit powder by HPTLC. Journal of Pharmacy and Bioallied Sciences, 2(2), 105-108. 721 
doi:10.4103/0975-7406.67012 722 

Sekar, V., Chakraborty, S., Mani, S., Sali, V. K., & Vasanthi, H. R. (2019). Mangiferin from Mangifera 723 
indica fruits reduces post-prandial glucose level by inhibiting α-glucosidase and α-amylase 724 
activity. South African Journal of Botany, 120, 129-134. doi:10.1016/j.sajb.2018.02.001 725 

Sharifi, J., Quispe, C., Castillo, C., Caroca, R., Lazo-Vélez, M., Antonyak, H., . . . Cho, W. (2022). 726 
Ellagic Acid: A Review on Its Natural Sources, Chemical Stability, and Therapeutic Potential. 727 
Oxidative Medicine and Cellular Longevity. doi:10.1155/2022/3848084 728 

Soto, C., Ponce-Rodriguez, H. D., Verdu-Andres, J., Campins-Falco, P., & Herraez-Hernandez, R. 729 
(2022). Hand-Portable Miniaturized Liquid Chromatography for the Determination of 730 



 

 

Chlorogenic Acids in Dietary Supplements. Antioxidants (Basel), 11(12). 731 
doi:10.3390/antiox11122408 732 

Sun, C., Liu, Y., Zhan, L., Rayat, G. R., Xiao, J., Jiang, H., . . . Chen, K. (2021). Anti-diabetic effects of 733 
natural antioxidants from fruits. Trends in Food Science & Technology, 117, 3-14. 734 
doi:10.1016/j.tifs.2020.07.024 735 

Uddin, N., Hasan, M. R., Hossain, M. M., Sarker, A., Hasan, A. H., Islam, A. F., . . . Rana, M. S. (2014). 736 
In vitro alpha-amylase inhibitory activity and in vivo hypoglycemic effect of methanol extract of 737 
Citrus macroptera Montr. fruit. Asian Pacific Journal of Tropical Biomedicine, 4(6), 473-479. 738 
doi:10.12980/APJTB.4.2014C1173 739 

Utami, S., Endrini, S., Nafik, S., Lestari, I., Anindya, D., Bakar, E., . . . Widowati, W. (2019). In vitro 740 
Antioxidant and Anti-obesity Activities of Freeze-dried Canarium sp., Averrhoa bilimbi L. and 741 
Malus domestica. The Indonesian Biomedical Journal, 11(3), 320-326. 742 
doi:10.18585/inabj.v11i3.728 743 

Wen, L., Wu, D., Tan, X., Zhong, M., Xing, J., Li, W., . . . Cao, F. (2022). The Role of Catechins in 744 
Regulating Diabetes: An Update Review. Nutrients, 14(21). doi:10.3390/nu14214681 745 

WHO. (2016). Globle Report on Diabetes: World Health Organization. 746 
Xu, H., Luo, J., Huang, J., & Wen, Q. (2018). Flavonoids intake and risk of type 2 diabetes mellitus. 747 

Medicine, 97(19). doi:10.1097/md.0000000000010686 748 
Yulia, I., Dwi, M., Tanjung, P., Via, L., & Amrun, M. (2020). Antioxidant and α-glucosidase Inhibitory 749 

Activities ofFour Types of Chrysophyllum cainito L. Fruit. Fabad Journal of Pharmaceutical 750 
Sciences, 45(2), 105-115.  751 

Zeb, A. (2020). Concept, mechanism, and applications of phenolic antioxidants in foods. Journal of Food 752 
Biochemistry, 44(9), e13394. doi:10.1111/jfbc.13394 753 

 754 
 755 



Page 11: [1] Deleted   Editor   6/10/24 12:12:00 PM 
 
 

 

... [2]


