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ABSTRACT 

Background: Aging is a process caused by oxidants and aging-related enzymes. Therefore, the inhibition of these 

processes can exacerbate anti-aging agents. This study aimed to evaluate the antioxidant and anti-aging activities of leaf 

extracts from seven herbs used in traditional Thai herbal remedies. 

Methods: Researchers assessed the total levels of phenolic content (TPC), antioxidant, anti-collagenase, and anti-

tyrosinase activity using colorimetric methods. Cytotoxicity effects were determined using MTT assays, and matrix 

metalloproteinases(MMPs) secretion was assessed through gelatin zymography. In addition, inhibitory effects on the 

growth of microorganisms were examined using the disc diffusion and broth microdilution method. 

Results: TPC ranged between 48.68–440.91 mg GAE/g of ethanolic leaf extracts. High antioxidant activities against ABTS 

radicals were detected in P. granatum, P. emblica, P. guajava, T. bellirica, and T. chebula, while high DPPH neutralization 

appeared in M. coreia, P. guajava, and P. granatum. FRAP assays significantly reduced the power of T. chebula and P. 

granatum. T. chebula and P. guajava exhibited the highest inhibitory effect on H2O2induced ROS production. P. emblica, 

P. guajava, T. bellirica, and E. hygrophilus reduced tyrosinase and collagenase activities.  P. gaujava, T. chebula, and T.

bellirica were shown to inhibit the secretion of MMP-2 from fibroblast cells. All concentrations of leaf extracts were non-

toxic to fibroblast cells. P.granatum and T. bellirica could inhibit the growth of P. acnes, E. coli, and S. aureus. 
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Conclusion: Preliminary studies showed that P. granatum and T. bellirica leaf extracts have antioxidants, anti-aging, and 

anti-bacterial activities and have potential for use as active ingredients for the development of functional foods and 

cosmetic products. 
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INTRODUCTION 

Aging is caused by degenerative changes and further 

perpetuated by intrinsic factors, especially senescence. 

Aging is also induced by extrinsic factors, including poor 

nutrition, air pollution and sun exposure. One of the 

most potent accelerating factors is an excess of reactive 

oxygen species (ROS) [1,2]. An imbalance of ROS and 

antioxidants contributes to the dysfunction of 

biomolecules [3]. Currently, ROS-mediated degeneration 

has been linked to skin aging [4,5]. Accumulated 

evidence has revealed that UV radiation decreases the 

synthesis of collagen and elastic fiber via ROS production 

and upregulation of collagenase, as well as matrix 

metalloproteinases (MMPs) through the activation of 

receptors for MAPK-cJun-AP1 signaling [6,7]. Sun 

exposure manifests as brown/dark spots [8]. This is 

caused by the accumulation of melanin pigment in the 

epidermis due to tyrosinase activity. Increased 

melanogenesis is closely related to an upregulation of 

tyrosinase, contributing to hyperpigmentation. 

Moreover, the formation of melanin also generates ROS, 

especially H2O2.   

Therefore, compounds that foment progressive 

skin aging through ROS neutralization, suppression of 

ECM-digested enzymes, and inhibition of melanogenesis 

are sought after as cosmetic ingredients and used for 

the treatment of human skin aging. Synthetic 

antioxidants, such as ethylenediaminetetraacetic acid 

(EDTA), butylated hydroxytoluene (BHT), and idebenone, 

are typically used as cosmetic ingredients. They are 
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generally considered to be more effective than natural 

antioxidants. However, they frequently cause allergic 

reactions in hypersensitive individuals [9-11].  

Cosmetics are often exposed to microbial 

environments, and they are easily contaminated. 

Effective and adequate protection is needed to maintain 

the economic value of cosmetics [12]. There is an 

increasing demand for natural antimicrobials as natural 

preservatives in food and cosmetics [13]. Therefore, 

there may be great value in developing and utilizing 

natural plant materials with antibacterial activities. 

Importantly, the use of natural ingredients for delaying 

skin aging is also demanded for safety reasons. In this 

preliminary study, several plant extracts were screened 

for antioxidant and enzyme inhibitory activities, with the 

aim of the researchers being to assess any beneficial 

effects for the treatment of skin aging. 

MATERIALS and METHODS 

Reagents and Chemicals: L-Ascorbic acid, gallic acid, 

kojic acid, Folin-Ciocalteu reagent, 2,2-diphenyl-2-

picrylhydrazyl hydrate (DPPH), 2,2′-azino-bis (3-

ethylbenzthiazoline-6-sulphonic acid) (ABTS), ferrous 

sulfate heptahydrate, hydrogen peroxide (H2O2), 2’,7’- 

dichlorofluorescin diacetate (DCF-DA), mushroom 

tyrosinase were obtained from Sigma-Aldrich (St. Louis, 

MO, USA). DQ gelatin was supplied by Gibco (Grand 

Island, NY, USA). Fetal bovine serum (FBS), penicillin–

streptomycin, and 3-(4,5-dimethylthiazol-2yl)-2,5-

diphenyltetrazolium bromide (MTT) derived from 

Thermo Fisher Scientific (Burlington, ON, Canada). 

Dulbecco’s Modified Eagle Medium (DMEM) was 

purchased from Invitrogen (Carlsbad, CA, USA). 

Plant materials and preparation of extracts: The 

primary focus of the screening was 7 plants collected 

from Phayao province, Thailand (Tambon Baan Tham, 

Amphur Dok Kham Tai). The voucher specimens were 

collected and verified by the Queen Sirikit Botanic 

Garden Herbarium (QBG), Chiang Mai, Thailand, 

including leaves from Elaeocarpus hygrophilus, Morinda 

coreia, Phyllanthus emblica, Psidium guajava, Punica 

granatum, Terminalia bellirica, Terminalia chebula with 

the codes QBG—119044, -119043, -119045, -115051, -

115050, -119047, and -119046 respectively. The plant 

materials were extracted using a 70% ethanol solution 

which was stirred for 4 h and consequently separated 

through centrifugation at 5,800xg for 10 min. Crude 

extracts were lyophilized and stored at -20°C and 

suspended in dimethyl sulfoxide (DMSO) before use. 

Determination of total phenolic content (TPC): TPC 

levels were estimated spectrophotometrically using 

Folin-Ciocalteu assays with minor modifications [14,15]. 

Briefly, Briefly, in the total volume of 200 µl, the 

reaction mixture contained 3% Na2CO3, 5% Folin–

Ciocalteu reagent and various concentrations of the leaf 

extracts. After incubation for 30 min, A765 was detected. 

TPC was reported in mg GAE/g extract that was 

calculated by equation of gallic acid calibration curve y = 

0.495X + 0.0141 (R2 = 0.0996). Each sample was 

analyzed in triplicate. 

Evaluation of in vitro antioxidant capacity 

2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) radical 

scavenging activity: DPPH decolorization assay was 

used to determine antioxidant capacity of the extract 

[16]. The reaction mixtures contained 20 µL of various 

concentration extracts and 180 μL of DPPH solution. The 

mixtures were incubated in the darkness for 30 min, 

followed by A540 measurement with AccuReader 

microplate reader (MeterTech Taiwan), comparing with 

ascorbic acid, as the positive control. The values were 

represented as 50% DPPH decolorization (IC50). The 
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ability of DPPH scavenging was calculated as the 

following: 

DPPH inhibition (%) = (Acontrol - Atest) / Acontrol x 100: 

The antioxidant activities were represented by the IC50 

value which defined the concentration (µg/mL) of 

extract at 50% inhibition. 

2,2'-azino-bis (3-ethylbenzthiazoline-6- sulphonic acid) 

(ABTS) radical scavenging activity:  

The scavenging activities of free radical cation of the 

plant extracts was investigated using ABTS assays with a 

slight modification, according to [17]. Generation of 

ABTS cation radicals was performed by diluting ABTS in 

potassium persulfate, followed by keeping this in 

darkness for 12 h. The ABTS.+ solution was further 

dissolved with dH2O to obtain A734 about 0.70. The 

working ABTS solution was added to different 

concentrations of each extract and further kept for 6 

min in the darkness. A positive control was a reaction 

containing ascorbic acid. The ability of radical 

neutralization was calculated as the following: 

ABTS inhibition (%) = (Acontrol - Atest) / Acontrol x 100: 

The antioxidant activities were represented by the IC50 

value which defined the concentration (µg/mL) of 

extract at 50% inhibition. 

Ferric reducing capacity: The reducing capacity of the 

extracts was estimated by ferric reducing power (FRAP) 

assays [18]. To conduct a reaction, the mixture of 40 μL 

of the extracts and FRAP reagent were mixed and 

subsequently kept at 37°C for 4 min, followed by A593 

measurements. Distilled water was used instead of 

extracts in a blank reaction. Different concentrations of 

FeSO4•7H2O were used to plot a standard curve. Results 

were exhibited as mg Fe (II) equivalent/1 gram extract. 

Cytotoxicity assay: The fibroblast and RAW264.7 cells 

were acquired from the American Type Culture 

Collection (ATCC). The DMEM solution containing 10% 

FBS, 100 U/ml of penicillin, 100 µg/ml of streptomycin, 

and 0.25 µg/ml of amphotericin B were used for cell 

growth at 37ºC in 5% CO2 incubator. Cells were plated in 

microplate (5x105 cells per well for fibroblast and 5x103 

cells per well for RAW264.7). Cells were treated with 0- 

200 µg/mL of extract for 24 h. Then, the MTT solution at 

5 mg/mL was added and further incubation was carried 

out at 37oC for 4 h. DMSO was used dissolving of the 

formazan crystals. A540 was measured. Cell viability was 

presented as a relative percentage of control. 

Measurement of intracellular formation of ROS: 

Intracellular ROS by H2O2-induced was monitored 

through the assessment of the oxidation of 2’,7’-

dichlorofluorescin diacetate (DCF-DA) to fluorescent 

2’,7’-dichlorofluorescein (DCF) [19]. The RAW 264.7 cells 

growing in black 96-well plates were treated with non-

toxic doses of the extracts (0-100 µg/ml) or antioxidant 

control, 250 µM L-ascorbic acid for 1 h. Cells were then 

treated with DCFH-DA solution with a final 

concentration of 40 mM followed by 5 mM H2O2 for 30 

minutes. The fluorescence was measured using a 

Cytation5 multi-mode microplate reader and Gen5 

software (Agilent, Santa Clara, CA, USA) at an excitation 

of 480 nm and emission of 525 nm. 

Evaluation of inhibitory activity for aging-related 

enzymes in 96-well plate format 

Tyrosinase activity: The tyrosinase inhibitory activity 

was assessed using a modified Dopachrome method 

[20]. Kojic acid was determined as a positive control. 
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100 U/mL mushroom tyrosinase was mixed with the 

extracts, followed by the addition of L-DOPA. After 

incubation for 10 min, the reaction was 

spectrophotometrically measured at 490 nm every 1.5 

min for 15 min using a micro-plate reader (Synergy H4 

Hybrid, Biotek, Vermont, USA). The % inhibition was 

quantify using the formula: 

Inhibition (%) = [(A-B) / A] x100 

Where A was the change in A490 without a plant extract, 

and B was the change in A490 with an extract. 

Collagenase activity: The collagenase activity was 

studied using fluorogenic DQ-gelatin assay [21]. Briefly, 

100 μg/mL of each extract were mixed with collagenase 

derived from Clostridium histolyticum (1 U/ml) was 

added in each well (100 μL/well), and then loaded with 

fluorescein-conjugated gelatin (15 μg/mL) and 

incubated for 10 min. After that, the fluorescence was 

measured using a micro-plate reader (Synergy H4 

Hybrid, Biotek, Vermont, USA) at A485 (excitation 

wavelength) and A528 (emission wavelength) every 2 min 

for 20 min of reaction. Collagenase activity was analyzed 

from the slope between time and absorbance over a 2-6 

min period. 

Metalloproteinase activity: Gelatin zymography was 

used to assess the metalloproteinase activity assessed 

[22]. Fibroblast cells were treated with extracts and 

culture supernatants were loaded in a 10% 

polyacrylamide gel in the presence of 1% gelatin. Gels 

were washed with triton-x-100 (2.5%) after 

electrophoresis. Then, incubate with gelatinase buffer 

for 24 h. After Coomassie blue staining, gels were 

washed, and digestive areas relative to gelatinolytic 

activity were measured using ImageJ software (NIH). 

Evaluation of antibacterial activity 

Disc diffusion method: The antibacterial activity of the 

extracts was evaluated using a disc diffusion method. 

The bacterial culture was adjusted to obtain turbidity 

equal to that of 0.5 McFarland standard (1.5x108 

cell/mL). The bacterial suspensions were uniformly 

spread on each appropriated agar medium using sterile 

cotton swabs. Propionibacterium acnes was spread on a 

brain–heart infusion (BHI) agar medium with 1% glucose 

and Staphylococcus aureus and Escherichia coli were 

spread on Mueller–Hinton (MH) agar plates. Three 

sterile paper discs impregnated with the extracts at 

different concentrations (250-1,000 µg/mL, and one disc 

of a tetracyclin (30 μg)), antimicrobial agents were used 

as a positive control and were placed on each suitable 

agar plate. The inoculated plates were incubated at 

37ºC for 48-72 h under anaerobic conditions for P. 

acnes. While S. aureus and E. coli were incubated at 

37ºC for 24 h in an aerobic environment. After 

incubation, the inhibition zone diameter was measured 

in millimeters using calipers. 

Minimum inhibitory concentration (MIC) of the 

extracts: A broth microdilution method was performed 

to measure the MIC values of the extracts against 

microorganisms. The cultures containing 1 x 105 cells/mL 

of P. acnes were conducted in a BHI medium containing 

1% glucose, while S. aureus and E. coli were prepared in 

a Mueller–Hinton (MH) broth medium. A total of 10 μL 

of bacterial cells was adjusted to 100 μL by two-fold 

serially; diluted plant extracts (250 to 1000 µg/mL) were 

dissolved in appropriated broth. After that, a plate 

containing P. acnes was incubated for 48-72 h at 37ºC 
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under anaerobic conditions. While a plate containing S. 

aureus and E. coli were incubated at 37ºC for 24 h in an 

aerobic environment. The MIC value was elucidated as 

the lowest concentration of plant extract, where the 

microorganisms do not exhibit any visible growth. 

Triplicates of each extract were used, and the average 

MIC values were collected. 

Statistical analysis: Data was shown as mean ± standard 

deviation (SD) or mean ± standard error of the mean 

(SEM) for the three independent experiments. The 

statistical analysis was determined with Prism version 

9.0 software using a one-way ANOVA. The significant 

differences at the level of p< 0.05, 0.01, and 0.001 were 

determined using Turkey’s HSD (Honestly Significant 

Difference) multiple comparison test and Pearson’s 

correlation test. 

RESULTS 

Extraction yield: Seven herbal plants grown locally in 

Phayao province were selected for the screening. Their 

common names and scientific names are shown in Table 

1. The herbarium specimen code number was also

identified. The percentage yield of the leaf extracts from 

100 g of dried materials ranged from 12.5 - 23.8.  

Total phenolic content of leaf extracts: As represented 

in Table 2, the TPC ranged between 48.68–440.91 mg 

GAE/g per ethanolic leaf extract. It was found that P. 

emblica had the highest phenolic content, followed by P. 

granatum, and T. bellirica. These findings showed that 

all the leaf extracts contained phenolic compounds and, 

consequently, they were investigated for their 

antioxidant capacities. 

Table 1.  Plants and percentage yields of investigated specimens from ethanolic leaf extracts. 

Plants name Bionomial name 
Yield (%) 

Key chemical constituents 

Olive Elaeocarpus hygrophilus Kurz 14.1 Myricitrin [23] 

Hairy noni Morinda coreia Buch.-Ham 18.4 Iridoid glucosides, phenolic glycoside 

[24] 

Amla Phyllanthus emblica L. 21.3 Rutin [25] 

Pomegranate Punica granatum L. 23.8 Gallic acid, Ellagic acid [26] 

Guava Psidium guajava L. 16.1 Quercetin [27] 

Beleric myrobalan Terminalia bellirica (Gaertn.) Roxb. 16.9 Ellagitannins, Proanthocyanidins [28] 

Myrobalan Terminalia chebula Retz. 12.5 Punicalin, Punicalagin, 

Terflavins [29] 

Plants were collected in northern areas of Thailand. The herbarium specimen code number was identified. 

Antioxidant activity of leaf extracts: The IC50 values of 

the extracts against DPPH and ABTS radicals was found 

to be 3.01–18.98 µg/mL, and 2.2 – 37.25 µg/mL, 

respectively. Furthermore, results from FRAP assays 

showed a value between 0.09 – 3.91 mg Fe (II)E/g 

extract (Table 2). Moreover, to determine the 

correlation between TPC and antioxidant ability, we 

constructed a scatter plot of seven leaf extracts and  

examined the relationship using the Pearson correlation 

test. Among the antioxidant assays, only the FRAP assay 

showed a positive correlation (r = 0.849) with the 

phenolic contents as presented in Figure 1. These 

findings suggested that these extracts could be 

examined further for anti-aging activities, which relate 

to antioxidant properties.
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 Table 2 Total phenolic content and antioxidant activities of the extracts 

Data is presented as mean ± SD (n = 3). ND= Not determined. Different letters show a significant difference (p<0.05) 

Figure 1. The relationship between TPC and reducing power from FRAP assays of 7 leaf extracts using Pearson’s correlation 

coefficient (r) 

Effects of leaf extracts on cell cytotoxicity: The 

cytotoxicity were assessed using MTT assays. Fibroblast 

cells and RAW264.7 cells were treated with 0-200 µg/mL 

of the extracts. The results indicated that the 

concentration of the extracts up to 200 µg/ml and 100 

µg/ml had no toxic effect on the fibroblast cells and  

RAW264.7 cells, respectively, as presented in Figure 2. 

Therefore, this concentration could also be used in 

furthur experiments. 

Effects of leaf extracts on H2O2-induced ROS 

production: H2O2 induces intracellular ROS production, 

which leads to skin aging through the upregulation of 

collagenase, tyrosinase and MMPs [6]. Hence, we set 

out to determine whether or not the leaf extracts would 

affect H2O2-induced ROS generation in RAW264.7 cells. 

Our results revealed that the generation of intracellular 

ROS was decreased by the treatment of the positive 

Traditional plants TPC ABTS DPPH FRAP 

(mg.GE/g) (IC50; µg/mL) (IC50; µg/mL) (mg.Fe(II)E/g) 

E. hygrophilus 347.56 ± 2.27 c 52.79 ± 1.96 d 17.40 ± 2.75 d 2.09 ± 0.02 c 

M. coreia 48.68 ± 1.55 a 47.65 ± 0.40 c 3.01 ± 0.06 a 0.09 ± 0.00 a 

P. emblica 440.91 ± 3.17 f 5.62 ± 0.16 b 8.47 ± 0.08 b 2.65 ± 0.05 d 

P. guajava 310.98 ± 2.94 b 4.41 ± 0.06 b 5.54 ± 0.47 a 1.89 ± 0.01 b 

P. granatum 411.40 ± 4.15 e 2.47 ± 0.03 a 7.14 ± 0.22 b 3.00 ± 0.04 f 

T. bellirica 404.75 ± 3.55 e 5.05 ± 0.32 b 16.87 ± 0.03 d 2.78 ± 0.04 e 

T. chebula 359.32 ± 2.07 d 5.55 ± 0.09 b 11.22 ± 0.27 c 3.91 ± 0.03 g 

Vitamin C ND 2.3 ± 0.06 a 4.32 ± 0.08 a ND 

Trolox ND 3.0 ± 0.07 a 6.95 ± 0.19 b ND 
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control (vitamin C 250 µM) and some plant extracts (100 

μg/mL) (Figure 3). In particular, T. chebula and P. guajava 

exhibited the highest inhibitory effect on H2O2-induced 

ROS formation at 15.26±3.19 and 28.36±3.14 % 

reduction, respectively. 

Figure 2. Cytotoxicity test of leaf extracts on (A) Fibroblast cells and (B) RAW264.7 cells. Cells were treated with different 

concentration of the extracts (25, 50, 100, and 200 µg/mL) for 24 h. Cell viability was examined using an MTT assay and 

represented as a percentage of untreated control (n=3). Data was shown as mean ± SEM. 

Figure 3:   Determination of H2O2-induced ROS production by the extracts. The RAW 264.7 cells were treated with 100 μg/mL of leaf 

extract for 1 hr. Then, cells were added with 40 mM DCFH-DA, followed by 5 mM H2O2 and incubated for 30 min. The green 

fluorescence intensity was measured (n=3). Vitamin C (250 µM) was used as antioxidant control. Data is shown as mean ± SEM of three 

independent experiments. Statistical significance was considered with p< 0.05. 

Effects of leaf extracts on tyrosinase activity: To 

evaluate the anti-aging ability of the leaf extracts, the 

inhibitory effect of tyrosinase activity, which is involved 

in the pigmented mechanisms, was investigated. Kojic 

acid, a natural tyrosinase inhibitor, was used as a 

positive control. Our results indicated that the 100 

μg/mL of the extracts showed inhibitory effects against 

tyrosinase activity ranging between 12-55% of 

inhibition, as presented in Figure 4. However, kojic acid 

accounted for 95% of inhibition, it had a significantly 

higher inhibitory effect than leaf extracts. The data from 

this study implies that these leaf extracts can produce 
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moderate anti-tyrosinase activity and would affect 

melanin biosynthesis. Importantly, for the current study, 

M coreia Buch.-Ham shows the lowest anti tyrosinase 

activity, which means it likely has less anti-aging 

properties, therefore, we exclude M coreia leaf extract 

from the anti-aging experiments that followed. 
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Figure 4: Determination of tyrosinase inhibition of the extracts. 100 μg/mL of the leaf extracts were incubated with tyrosinase, and the 

percentage of enzyme inhibition was determined using the colorimetric method (n=3). Kojic acid was used as a positive control. Data 

was shown as mean ± SEM. Different letters show significant differences (p<0.05). 

Effects of leaf extracts on collagenase activity: 

Collagenase is a critical enzyme that participates in 

collagen degradation in the skin, which leads to the 

wrinkling process. To evaluate anti-aging potential, we 

determined the inhibitory effects of 100 μg/mL of leaf 

extract on collagenase activity. The results revealed that 

most of the extracts inhibited enzyme activity by more 

than 80%, while P. granutum L. produced only a 60% 

irate of inhibition (Figure 5). The results indicated a 

potent inhibitory effect on collagenase activity that was 

expected to reduce collagen degradation and improve 

signs of skin aging. According to this investigation, these 

extracts could aid in limiting collagenase activity during 

the in vitro trial. 
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Figure 5 Determination of collagenase inhibition of the extracts. The extracts (100 μg/mL) were incubated with collagenase and the 

percentage of enzyme inhibition was determined (n=3). Data is shown as mean ± SEM. Different letters show significant differences 

(p<0.05). 
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Effects of leaf extracts on MMP secretion: MMPs are 

extracellular proteases that can degrade various 

components of the extracellular matrix, especially 

collagen. This study used gelatin zymography to examine 

the anti-enzymatic activities of the extracts. The results 

show that P. gaujava, T. chebula and T. bellirica 

significantly decreased the digestive band on 

polyacrylamide gel containing gelatin at 200 µg/mL in 

comparison with the untreated group as presented in 

Figure 6. This data suggests that the P. gaujava, T. 

chebula, and T. bellirica leaf extracts can inhibit protease 

secretion (MMPs), which might decrease the destruction 

of the extracellular matrix in the skin. 

Figure 6. Determination of the inhibition of MMP-2 secretion of the extracts. Fibroblast cells were treated with various 

concentrations of the extracts. Culture supernatants were used to analyze the MMP-2 secretion by gelatin zymography 

(n=3). Each value shows the mean ± SD. *p<0.05, **p<0.01 and ***p<0.001 compared with the control (0 µg/ml).
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Figure 7: Antibacterial activity of leaf extracts.  The inhibition zone of extracts against microorganisms was compared to a 

positive control tetracycline (n=3). Error bars were indicated as mean ± SEM. Different letters for each bacteria type show 

significant difference (p<0.05). 
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Effects of leaf extracts on antibacterial activity: The 

antimicrobial properties of the leaf extracts were 

determined using the disc diffusion method. We 

assessed this effect by selecting extracts of T. bellirica 

and P. granatum; as described above, these extracts 

produced the highest TPC, antioxidant activities and 

were also shown to inhibit MMP activity. The results of 

this experiment are shown in Figure 7. Notably, 250 

ug/mL of P. granatum leaf extract produced an inhibition 

zone diameter in P. acnes (14.50±3.79 mm), S. aureus 

(12.75±0.96 mm), and E. coli (20.60±1.34 mm). In the 

same test, T. bellirica leaf extract produced 19.50±4.20, 

13.50±1.29, and 18.80±2.28 mm, respectively. These 

two extracts were shown to be effective anti-bacterial 

agents, despite having produced lower levels of activity 

from the positive control tetracycline. Moreover, a broth 

Microdilution method was performed to measure the 

MIC values of the 2 extracts. The MIC value of T. bellirica 

extract in opposition to test P. acnes, S. aureus, and E. 

coli was found to be 3.91 mg/ml, 7.82 mg/ml, and 62.5 

mg/ml, respectively. While the antimicrobial activity of 

P. granatum extract was observed to have an MIC value

of 1.95 mg/ml, 3.91 mg/ml, and 125 mg/ml, 

respectively. These results suggest that these two 

extracts can produce anti-bacterial activity. 

DISCUSSION 

The phenolic compounds from several extracts were 

examined using colorimetric methods. According to our 

results, P. emblica, P. granatum, and T. bellirica, were 

ranked as the highest three (Table 2). P. emblica (amla) is 

widely used in Thai traditional medicine. Although P. 

emblica fruits have been reported as containing a source 

of phenolic compounds, our results reveal that a high 

amount of phenolic content can exist in ethanolic P. 

emblica leaf extract [30]. Previous studies have 

demonstrated that rutin, caffeic acid, gallic acid, ellagic 

acid, and various secondary metabolites have been 

detected in P. emblica leaf extract, and that they 

produce antioxidant activities [25,31]. P. granatum leaf 

extract has also been shown to present a high TPC. A 

quantitative analysis of phenolic compounds 

demonstrated that gallic and ellagic acids can be high in 

P. granatum leaves [26,32]. In another report, a phenolic

profiling of P. granatum leaves was more varied, it 

showed they consist of cyanidin, catechin, luteolin, 

tyrosol, 5-pentadecylresorcinol, ferulic acid, sesamin, 

matairesinol, resveratrol, apigenin, rutin, and 

hydrolysable tannins [33-35]. T. bellirica, a deciduous 

tree, has been said to possess medicinal potential [36]. 

The corilagin, chebulagic acid, galloylpunicalagin, and 

digalloyl-hexahydroxydiphenoyl-hexoside belong to 

ellagitannins and proanthocyanidins that were found to 

be the major phenolics in T. bellirica leaves [28]. An 

amount of phenolic content is an important 

characteristic for the selection of cosmeceutical 

ingredients, because of its bioactivities. We investigated 

antioxidant properties, anti-tyrosinase, anti-collagenase, 

anti-MMP, and antibacterial activities to aid in 

appropriate selections. 

Assessment of antioxidant capacity was carried out 

using a radical scavenging assay. An ABTS radical assay 

was used to target oxygen radicals for estimating 

neutralization of ROS, whereas DPPH was used to target 

nitrogen radicals, especially reactive nitrogen species 

(RNS) that are well-known to be pro-inflammatory 

mediators [37,38]. In the ABTS assay, P. granatum was 

shown to exhibit the highest radical neutralizing 

activities, followed by P. emblica, P. guajava, T. bellirica, 

and T. chebula, which were not significantly different. 

The result of ROS production was that T. chebula 

exhibited the highest levels of ROS inhibition, which 

correlated with ABTS results. For the DPPH assay, M. 
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coreia and P. guajava showed significantly high activity, 

followed by P. granatum and P. emblica. Although 

antioxidant activities were not correlated with a TPC 

ranking, our results showed that P. granatum and P. 

guajava leaf extracts were potent in the eradication of 

both ROS and RNS. We were confident that P. granatum 

not only contained a high TPC, but also that it possessed 

a strong antioxidant capacity equal to vitamin C and 

Trolox when investigated using an ABTS and DPPH assay. 

It has been reported by Sreedevi and colleagues that a 

variety of antioxidant phytochemicals are contained 

within P. granatum leaves [39]. Accumulated evidence 

has indicated that ethanolic P. granatum leaf extract is 

rich in various active compounds, especially the phenolic 

acids, flavonoids, alkaloids, and hydrolysable tannins 

that participate in antioxidation [33-35]. However, we 

found that P. guajava leaf extract showed TPC (310.98 ± 

2.94 mg GAE/g) but exhibited strong scavenging 

properties in opposition to DPPH radicals. P. guajava 

leaves contain seven major flavonoids, including 

quercetin, kaempferol, hesperetin, quercitrin, rutin, 

catechin, and apigenin which are responsible for 

antioxidant properties [40]. Among these flavonoids, 

quercetin is the most abundant [27]. However, it might 

be that the synergistic actions of these active 

compounds can produce a strong neutralization of DPPH 

radicals obtained from polyphenols with a higher 

antioxidant power [41].  

Evaluation of antioxidant efficiency involved 

consideration of radical scavenging, as well as a focus on 

the reduction potential that was shown by conducting 

FRAP assays. Our results showed that T. chebula, P. 

granatum, and T. bellirica were the top three in terms of 

high reduction potential (Table 2). Chemically, the 

reduction potential is obtained from a part of the 

molecule, which easily donates an electron, especially 

the hydrogen atom. Polyphenols, including phenolic 

acids, flavonoids, stilbenes, and lignans, have several 

hydrogen atoms. However, molecular stability is still a 

limitation for mechanisms of antioxidant action. T. 

chebula was shown to have the highest reduction power, 

meanwhile the TPC was 359.32 ± 2.07mg GAE/g, 

assuming an activity from other non-polyphenols. 

Previously, Tarig and Reyaz (2012) [42] demonstrated 

that the hydroalcohol extract of T. chebula contained a 

high content of reducing sugar up to 7.12mg/g dry 

weight. It is possible that the highest reduction potential 

of T. chebula in our study might be a result of reducing 

sugar. Interestingly, P. granatum leaf extract still ranked 

in the top 3 for high reduction potential. These results 

demonstrate that P. granatum leaf extract has a high 

TPC and a high antioxidant efficiency. 

Skin aging is mostly characterized by progressive 

increase in pigmentation, extensibility, and reduction in 

elasticity. Aging skin undergoes progressive structural 

and functional degeneration by aging-related enzymes, 

especially tyrosinase, collagenase, and MMPs [8,43]. Our 

results revealed that P. guajava, T. bellirica, and E. 

hygrophilus leaf extracts predominantly inhibited 

tyrosinase and collagenase activities as did P. emblica 

(Figure 4 and 5). However, P. granatum exhibited low 

inhibitory activity. Investigation by gelatin zymography 

exhibited an inhibitory MMP-2 activity of P. guajava, T. 

bellirica, and T. chebula (Figure 6). Thirty types of 

flavonoids have been detected in P. guajava leaf, and 

these flavonoids express both anti-tyrosinase and anti-

collagenase activities [44-46]. It is possible that strong 

antiprotease activities and MMP secretion mainly adopt 

the synergistic effects of various flavonoids. However, P. 

guajava leaf extract increased the cell viability of 

RAW264.7, and that might promote cell proliferation 

and trigger an immune response, leading to an allergic 

reaction. We suggest that these might be a limitation of 

P. guajava leaf extract, and it was denied for
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antibacterial activities. T. bellirica leaf extracts showed a 

high TPC (404.75 ± 3.55 mg.GE/g) that was confirmed by 

Galav and colleagues (2019) [47]. Phytochemical 

profiling illustrated 50 identified compounds in T. 

bellirica leaves. Therefore, a variety of phenolic 

compounds results in the inhibition of tyrosinase 

collagenase activities, and MMP secretion. The chemical 

profile of EtOH extract of E. hygrophilus leaves has been 

shown to have 26 identified compounds that mainly 

belong to flavonoids and flavonol glycoside, with 

myricitrin being the major component. Dimethyl 

phthalate, a hazardous substance, was unfortunately 

detected in E. hygrophilus leaves [23]. We suggest that 

E. hygrophilus leaf extract is unsafe. Although our results

found that T. chebula produced the highest inhibition of 

ROS production and could inhibit MMP activity, its low 

anti-tyrosinase activity was a limitation for its selection 

as an extract for evaluating antibacterial activities. 

However, the results showed no correlations between 

antioxidant capacity and antiprotease activities that 

could be observed from activities of E. hygrophilus leaf 

extract. We speculated that some phenolic compounds 

might possess a low antioxidant activity level, but that 

they are strong in enzyme inhibition.   

According to the amount of TPC and antiprotease 

activities, P. granatum and T. bellirica leaf extracts were 

chosen to evaluate their antibacterial activities, when 

compared with tetracycline. They were shown to inhibit 

the growth of P. acnes, S. aureus, and E. coli. (Figure 7). 

Flavonoids and tannins are known to possess 

antibacterial compounds through their ability to bind to 

molecular structures like proteins or glycoproteins [48-

50]. It has been reported that various flavonoids and 

tannins are found to be rich in P. granatum [26,51]. 

However, gallic and ellagic acids, major 

phytoconstituents of leaves, reportedly work as 

antibacterial agents [52]. Previous evidence indicated in 

vitro antibacterial activity of T. bellirica fruit extracts 

[53]. However, we found that leaves showed inhibitory 

effects on P. acnes, S. aureus, and E. coli. Ellagitannins 

such as corilagin, chebulagic acid, and galloylpunicalagin 

are a major phytoconstituent in T. bellirica leaves, and 

various flavonoid glycosides [28] that have been 

reported to have antimicrobial activities [54,55]. 

Cosmetic products require long-term preservation 

against microbial contamination to guarantee consumer 

safety and to increase their shelf-life. Currently, these 

polyphenols are accepted as active ingredients for 

cosmetic products [56]. Moreover, functional foods from 

FFC remained that it is natural or processed foods that 

consist of active compounds [57] which are non-toxic, 

exhibit the bioactivities, improve health, and provide a 

clinically proven and documented health benefit [58-59]. 

Hence, our extracts can act as functional food for skin. 

Therefore, we suggest that P. granatum and T. bellirica 

leaf extracts may possibly be applied as functional foods 

and cosmetic ingredients. 

CONCLUSIONS 

The value of phytochemicals is determined by 

bioactivities, especially antioxidation, antiprotease, and 

antimicrobial. This study found that P. granatum leaf 

extract predominantly exhibited antioxidant activities. T. 

bellirica leaf extract was potent in its ability to inhibit 

tyrosinase, collagenase, and MMP activities. Moreover, 

antibacterial activities were detected in both extracts. 

Therefore, we suggest that P. granatum and T. bellirica 

leaf extracts are attentive as active ingredients for the 

development of functional foods and cosmetic products 

and that their mechanisms should be investigated in 

further studies. 
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picrylhydrazyl hydrate, FRAP: ferric reducing/antioxidant 

power, MIC: minimum inhibitory concentration, MMPs: 

matrix metalloproteinases, MTT: 3-(4,5-dimethylthiazol-

2yl)-2,5-diphenyltetrazolium bromide, ROS: reactive 

oxygen species, TPC: total phenolic content. 

Author Contributions: Conceptualization, C.K. and K.P.; 

methodology, C.K., P.O., K.K., P.N., R.T., and K.P.; 

validation, C.K., O.C., and K.P.; formal analysis, C.K. and 

K.P.; investigation, C.K. and K.P.; resources, C.K. and K.P.;

data curation, C.K., O.C, and; writing—original draft 

preparation, C.K. and K.P.; writing—review and editing, 

C.K. and K.P.; visualization, K.P.; supervision, K.P.; project

administration, K.P.; funding acquisition, K.P. and C.K. All 

authors have read and agreed to the published version 

of the manuscript. 

Funding: (K.P.) This research was funded by the Thailand 

Science Research and Innovation fund and the University 

of Phayao (Grant No. UoE65005 and FF66-RIM063). C.K. 

was supported by the School of Medical Sciences (Grant 

No. MS 221006) 

Acknowledgments: This research was funded by the 

Thailand Science Research and Innovation Fund and the 

University of Phayao, Grant No. UoE65005 and FF66-

RIM063, and School of Medical Sciences University of 

Phayao, Grant No. MS 221006. 

Conflicts of Interest: The authors declare no conflict of 

interest. 

REFERENCES 

1. Mesa-Arango AC, Flórez-Muñoz SV, Sanclemente G:

Mechanisms of skin aging. Iatreia 2017, 30: 160-170. DOI: 

https://doi.org/10.17533/udea.iatreia.v30n2a05 

2. Cao C, Xiao Z, Wu Y, Ge C: Diet and skin aging-from the 

perspective of food nutrition. Nutrients 2020, 12: 870. DOI: 

https://doi.org/10.3390/nu12030870

3. Pizzino G, Irrera N, Cucinotta M, Pallio G, Mannino F,

Arcoraci V, Squadrito F, et al.: Oxidative Stress: Harms and 

Benefits for Human Health. Oxidative Medicine and Cellular 

Longevity 2017, 1-13. DOI:

 https://doi.org/10.1155/2017/8416763

4. Poljšak B, Dahmane R: Free Radicals and Extrinsic Skin Aging. 

Dermatology Research and Practice 2012, 135206. DOI: 

https://doi.org/10.1155/2012/135206

5. Rinnerthaler M, Bischof J, Streubel MK, Trost A, Richter K:

Oxidative Stress in Aging Human Skin. Biomolecules 2015, 5: 

545-589. DOI: https://doi.org/10.3390/biom5020545

6. Ganguly B, Hota M, Pradhan J: Skin Aging: Implications of UV 

Radiation, Reactive Oxygen Species and Natural 

Antioxidants. In Reactive Oxygen Species, Rizwan, A., Ed.; 

IntechOpen: Rijeka, 2021; p. Ch. 7.

7. Sayeeda A, Minh L, Elma DB: Skin aging and oxidative stress. 

AIMS Molecular Science 2016, 3: 187-195. DOI: 

https://doi.org/10.3934/molsci.2016.2.187

8. Skoczyńska A, Budzisz E, Trznadel-Grodzka E, Rotsztejn H:

Melanin and lipofuscin as hallmarks of skin aging. Postepy 

Dermatologii i Alergologii 2017, 34: 97-103. DOI: 

https://doi.org/10.5114/ada.2017.67070

9. Lanigan R, Yamarik T: Final report on the safety assessment 

of BHT (1). International Journal of Toxicology 2002, 21 Suppl 

2: 19-94. DOI: https://doi.org/10.1080/10915810290096513

10. Natkunarajah J, Ostlere L: Allergic contact dermatitis to 

idebenone in an over-the-counter anti-ageing cream. 

Contact dermatitis 2008, 58: 239, DOI:

https://doi.org/10.1111/j.1600-0536.2007.01255.x

11. Pruitt C, Warshaw EM: Allergic Contact Dermatitis from

Ethylenediaminetetraacetic Acid. Dermatitis 2010, 21: 121-

122, DOI: https://doi.org/10.1097/01206501-201003000-

00013

12. Zeragui B, Hachem K, Halla N, Kahloula K: Essential Oil from

Artemisia judaica L. (ssp. sahariensis) Flowers as a Natural 

Cosmetic Preservative: Chemical Composition, and 

Antioxidant and Antibacterial Activities. Journal of Essential 

Oil Bearing Plants 2019, 22: 685-694,  DOI: 

https://doi.org/10.1080/0972060X.2019.1649200

13. Gyawali R, Ibrahim SA: Natural products as antimicrobial 

agents. Food Control 2014, 46: 412-429. DOI: 

https://doi.org/10.1016/j.foodcont.2014.05.047

http://www.ffhdj.com/
https://doi.org/10.17533/udea.iatreia.v30n2a05
https://doi.org/10.3390/nu12030870
https://doi.org/10.1155/2017/8416763
https://doi.org/10.1155/2012/135206
https://doi.org/10.3390/biom5020545
https://doi.org/10.3934/molsci.2016.2.187
https://doi.org/10.5114/ada.2017.67070
https://doi.org/10.1080/10915810290096513
https://doi.org/10.1111/j.1600-0536.2007.01255.x
https://doi.org/10.1097/01206501-201003000-00013
https://doi.org/10.1097/01206501-201003000-00013
https://doi.org/10.1080/0972060X.2019.1649200
https://doi.org/10.1016/j.foodcont.2014.05.047


Functional Foods in Health and Disease 2023; 13(2):52-68   FFHD   Page 66 of 68 

14. Amzad Hossain M, Shah MD: A study on the total phenols 

content and antioxidant activity of essential oil and different 

solvent extracts of endemic plant Merremia borneensis. 

Arabian Journal of Chemistry 2015, 8: 66-71, DOI: 

https://doi.org/10.1016/j.arabjc.2011.01.007

15. Musa KH, Abdullah A, Jusoh K, Subramaniam V: Antioxidant 

Activity of Pink-Flesh Guava (Psidium guajava L.): Effect of 

Extraction Techniques and Solvents. Food Analytical 

Methods 2011, 4: 100-107. DOI:

 https://doi.org/10.1007/s12161-010-9139-3

16. Chumphukam O, Pintha K, Khanaree C, Chewonarin T,

Chaiwangyen W, Tantipaiboonwong P, Suttajit, M, et al.:

Potential anti-mutagenicity, antioxidant, and anti-

inflammatory capacities of the extract from perilla seed 

meal. Journal of Food Biochemistry 2018, 42: e12556. DOI:

https://doi.org/10.1111/jfbc.12556

17. Phromnoi K, Suttajit M, Saenjum, C: Polyphenols and 

Rosmarinic acid Contents, Antioxidant and Anti-

Inflammatory Activities of Different Solvent Fractions from

Nga- Mon (Perilla frutescens) Leaf. Journal of Pharmacy and 

Nutrition Sciences 2019, 9: 239-246. DOI: 

https://doi.org/10.29169/1927-5951.2019.09.05.1

18. Phromnoi K, Suttajit M, Saenjum C, Limtrakul P: Inhibitory 

Effect of a Rosmarinic Acid-Enriched Fraction Prepared from

Nga-Mon (Perilla frutescens) Seed Meal on 

Osteoclastogenesis through the RANK Signaling Pathway. 

Antioxidants (Basel) 2021, 10: 307. DOI: 

https://doi.org/10.3390%2Fantiox10020307

19. Kim YA, Kong CS, Um YR, Lee JI, Nam TJ, Seo Y: Antioxidant 

efficacy of extracts from a variety of seaweeds in a cellular 

system. Ocean Science Journal 2008, 43: 31-37, DOI: 

https://doi.org/10.1007/BF03022429

20. Moon J-Y, Yim E-Y, Song G, Lee NH, Hyun, C-GJEjob:

Screening of elastase and tyrosinase inhibitory activity from

Jeju Island plants. Eurasian Journal of Biosciences 2010, 4:

41-53. DOI: https://doi:10.5053/ejobios.2010.4.0.6

21. Limtrakul P, Yodkeeree S, Thippraphan P, Punfa W,

Srisomboon JJBC: Medicine, A. Anti-aging and tyrosinase 

inhibition effects of Cassia fistula flower butanolic extract. 

BMC Complementary Medicine and Therapies 2016, 16: 497.

DOI: https://doi.org/10.1186/s12906-016-1484-3

22. Phromnoi K, Yodkeeree S, Pintha K, Mapoung S, Suttajit M,

Saenjum C, Dejkriengkraikul P: Anti-Osteoporosis Effect of 

Perilla frutescens Leaf Hexane Fraction through Regulating

Osteoclast and Osteoblast Differentiation. Molecules 2022, 

27: 824. DOI: https://doi.org/10.3390/molecules27030824  

23. Ha TKQ, Doan TP, Pham HTT, Nguyen NH, Nguyen TT, Bui 

TBH: Molecular networking-based chemical profiling and

anti-influenza viral and neuroprotective effects of 

Elaeocarpus hygrophilus Kurz. Chemical Papers 2021, 75:

5323-5337. DOI:

https://doi.org/10.1007/s11696-021-01723-7

24. Kanchanapoom T, Kasai R, Yamasaki K: Iridoid and phenolic 

glycosides from Morinda coreia. Phytochemistry 2002, 59:

551-556. DOI:

https://doi.org/10.1016/S0031-9422(01)00426-5  

25. Tahir I, Khan M, Shah N, Aftab M: Evaluation of 

phytochemicals, antioxidant activity and amelioration of 

pulmonary fibrosis with Phyllanthus emblica leaves. BMC

Complementary and Alternative Medicine 2016, 16: DOI: 

https://doi.org/10.1186/s12906-016-1387-3

26. Trabelsi A, Kaibi M, Abbassi A, Horchani A, Chekir-Ghedira L:

Phytochemical Study and Antibacterial and Antibiotic 

Modulation Activity of Punica granatum (Pomegranate) 

Leaves. Scientifica 2020: 1-7, DOI:

https://doi.org/10.1155/2020/8271203

27. Kumar M, Tomar M, Amarowicz R, Saurabh V, Nair MS,

Maheshwari C, Sasi, M, et al.: Guava (Psidium guajava L.) 

Leaves: Nutritional Composition, Phytochemical Profile, and 

Health-Promoting Bioactivities 2021: 10, 752, DOI: 

https://doi.org/10.3390%2Ffoods10040752

28. Sobeh M, Mahmoud M, Hasan R, Abdelmoety M, Osman S,

Rashid H-o, El Sahzly A, et al.: Chemical composition, 

antioxidant and hepatoprotective activities of methanol 

extracts from leaves of Terminalia bellirica and Terminalia 

sericea (Combretaceae). PeerJ 2019, 7: 2-22. DOI: 

https://doi.org/10.7717/peerj.6322

29. Bag A, Bhattacharyya SK, Chattopadhyay RR: The 

development of Terminalia chebula Retz. (Combretaceae) in 

clinical research. Asian Pac J Trop Biomed 2013, 33: 244-252.

DOI: https://doi.org/10.1016/S2221-1691(13)60059-3

30. Li Y, Guo B, Wang W, Li L, Cao L, Yang C, Liu J, et al.:

Characterization of phenolic compounds from Phyllanthus 

emblica fruits using HPLC-ESI-TOF-MS as affected by an 

optimized microwave-assisted extraction. International 

Journal of Food Properties 2019, 22: 330-342, DOI: 

https://doi.org/10.1080/10942912.2019.1583249

http://www.ffhdj.com/
https://doi.org/10.1016/j.arabjc.2011.01.007
https://doi.org/10.1007/s12161-010-9139-3
https://doi.org/10.1111/jfbc.12556
https://doi.org/10.29169/1927-5951.2019.09.05.1
https://doi.org/10.3390%2Fantiox10020307
https://doi.org/10.1007/BF03022429
https://doi:10.5053/ejobios.2010.4.0.6
https://doi.org/10.1186/s12906-016-1484-3
https://doi.org/10.3390/molecules27030824
https://doi.org/10.1007/s11696-021-01723-7
https://doi.org/10.1016/S0031-9422(01)00426-5
https://doi.org/10.1186/s12906-016-1387-3
https://doi.org/10.1155/2020/8271203
https://doi.org/10.3390%2Ffoods10040752
https://doi.org/10.7717/peerj.6322
https://doi.org/10.1016/S2221-1691(13)60059-3
https://doi.org/10.1080/10942912.2019.1583249


Functional Foods in Health and Disease 2023; 13(2):52-68   FFHD   Page 67 of 68 

31. Fitriansyah S, Aulifa D, Febriani Y, Sapitri E; Correlation of 

Total Phenolic, Flavonoid and Carotenoid Content of 

Phyllanthus emblica Extract from Bandung with DPPH

Scavenging Activities. Pharmacognosy Journal 2018, 10: 447-

452. DOI: https://doi.org/10.5530/pj.2018.3.73

32. Acquadro S, Civra A, Cagliero C, Marengo A, Rittà M,

Francese R, Sanna, C, et al.: Punica granatum Leaf Ethanolic 

Extract and Ellagic Acid as Inhibitors of Zika Virus Infection.

Planta medica 2020, 86: DOI: 

https://doi.org/10.1055/a-1232-5705

33. Durgadevi K, Marueen JAA, Gowri R, Ramamurthy V: A study 

of phytochemical screening and antibacterial activity of 

leaves extract of Punica granatum. The Pharma Innovation 

Journal 2018, 7: 173-177.

34. Fellah B, Scharinger M, Rocchetti G, Lucini L, Ferchichi A:

Phenolic profiling and antioxidant capacity in flowers, leaves 

and peels of Tunisian cultivars of Punica granatum L. Journal 

of Food Science and Technology -Mysore- 2018, 55: DOI:

https://doi.org/10.1007/s13197-018-3286-8

35. Yu M, Gouvinhas I, Rocha J, Barros AIRNA: Phytochemical 

and antioxidant analysis of medicinal and food plants 

towards bioactive food and pharmaceutical resources. 

Scientific Reports 2021, 11: 10041, DOI: 

https://doi.org/10.1038/s41598-021-89437-4

36. Kumar N, Khurana SMP: Phytochemistry and medicinal 

potential of the Terminalia bellirica roxb. (bahera). Indian 

Journal of Natural Products and Resources 2018, 9: 97-

107.DOI: 

http://op.niscpr.res.in/index.php/IJNPR/article/view/18027  

37. Huang D, Ou B, Prior R: The Chemistry behind Antioxidant 

Capacity Assays. Journal of Agricultural and Food Chemistry 

2005, 53: 1841-1856,

DOI: https://doi.org/10.1021/jf030723c

38. Magalhães LM, Segundo MA, Reis S, Lima JL: Methodological 

aspects about in vitro evaluation of antioxidant properties. 

Anal Chim Acta 2008, 613: 1-19. DOI:

https://doi.org/10.1016/j.aca.2008.02.047

39. Sreedevi P, Vijayalakshmi KRV: PHYTOCHEMICAL 

EVALUATION OF PUNICA GRANATUM L. LEAF EXTRACT. 

International Journal of Current Pharmaceutical Research 

2017, 9(14).

DOI: https://doi.org/10.22159/ijcpr.2017v9i4.1159

40. Taha TF, Elakkad HA, Gendy AS, Abdelkader MA, Hussein 

SJPA: In vitro bio-medical studies on Psidium guajava leaves. 

Plant Archives 2019, 19: 199-207.

41. Díaz-de-Cerio E, Gómez-Caravaca AM, Verardo V, Fernández-

Gutiérrez A, Segura-Carretero A: Determination of guava

(Psidium guajava L.) leaf phenolic compounds using HPLC-

DAD-QTOF-MS. Journal of Functional Foods 2016, 22: 376-

388. DOI: https://doi.org/10.1016/j.jff.2016.01.040

42. Tariq AL, Reyaz, AL: Research. Significances and importance 

of phytochemical present in Terminalia chebula. 

International Journal of Drug Development and Research 

2013, 5: 256-262.

43. Panwar P, Butler GS, Jamroz A, Azizi P, Overall CM, Brömme,

D: Aging-associated modifications of collagen affect its 

degradation by matrix metalloproteinases. Matrix Biol 2018, 

65: 30-44. DOI:

 https://doi.org/10.1016/j.matbio.2017.06.004

44. Jiang L, Lu J, Qin Y, Jiang W, Wang Y: Antitumor effect of 

guava leaves on lung cancer: A network pharmacology study.

Arabian Journal of Chemistry 2020, 13: 7773-7797. DOI: 

https://doi.org/10.1016/j.arabjc.2020.09.010

45. Sin BY, Kim, HP: Inhibition of collagenase by naturally-

occurring flavonoids. Arch Pharm Res 2005, 28: 1152-1155.

DOI: https://doi.org/10.1007/bf02972978

46. Fan M, Zhang G, Hu X, Xu X, Gong, D: Quercetin as a 

tyrosinase inhibitor: Inhibitory activity, conformational 

change and mechanism. Food Res Int 2017, 100: 226-233.

DOI: https://doi.org/10.1016/j.foodres.2017.07.010

47. Galav C, Garg S, Kumar G: Antioxidant Activity of Leaves of 

Terminalia Bellirica (Combretace). Think India Journal 2019, 

22: 2001-2009.

48. Cushnie T, Lamb A: Antimicrobial activity of flavonoids. 

International Journal of Antimicrobial Agents 2005, 26: 343-

356, DOI: https://doi.org/10.1016/j.ijantimicag.2005.09.002

49. Chung K-T, Wong, TY, Wei C-I, Huang Y-W, Lin Y: Tannins and 

Human Health: A Review. Critical Reviews in Food Science 

and Nutrition 1998, 38: 421-464, DOI: 

https://doi.org/10.1080/10408699891274273

50. Wagner H, Ulrich-Merzenich G: Synergy research:

approaching a new generation of phytopharmaceuticals.

Phytomedicine 2009, 16: 97-110.

DOI: https://doi.org/10.1016/j.phymed.2008.12.018

51. Zhang L, Gao Y, Zhang Y, Liu J, Yu, J: Changes in bioactive 

compounds and antioxidant activities in pomegranate 

leaves. Scientia Horticulturae 2010, 123: 543-546.

DOI: https://doi.org/10.1016/j.scienta.2009.11.008

52. Cota D, Patil D: Antibacterial potential of ellagic acid and 

gallic acid against IBD bacterial isolates and cytotoxicity 

http://www.ffhdj.com/
https://doi.org/10.5530/pj.2018.3.73
https://doi.org/10.1055/a-1232-5705
https://doi.org/10.1007/s13197-018-3286-8
https://doi.org/10.1038/s41598-021-89437-4
http://op.niscpr.res.in/index.php/IJNPR/article/view/18027
https://doi.org/10.1021/jf030723c
https://doi.org/10.1016/j.aca.2008.02.047
https://doi.org/10.22159/ijcpr.2017v9i4.1159
https://doi.org/10.1016/j.jff.2016.01.040
https://doi.org/10.1016/j.matbio.2017.06.004
https://doi.org/10.1016/j.arabjc.2020.09.010
https://doi.org/10.1007/bf02972978
https://doi.org/10.1016/j.foodres.2017.07.010
https://doi.org/10.1016/j.ijantimicag.2005.09.002
https://doi.org/10.1080/10408699891274273
https://doi.org/10.1016/j.phymed.2008.12.018
https://doi.org/10.1016/j.scienta.2009.11.008


Functional Foods in Health and Disease 2023; 13(2):52-68   FFHD   Page 68 of 68 

against colorectal cancer. Natural Product Research 2022, 1-

5. DOI: https://doi.org/10.1080/14786419.2022.2111560

53. Dharmaratne MPJ, Amirthasingam M, Thevanesam V,

Ekanayake A, Kumar NS, Liyanapathirana V, Abeyratne E, et 

al.: Terminalia bellirica fruit extracts: In-vitro antibacterial 

activity against selected multidrug-resistant bacteria, radical 

scavenging activity and cytotoxicity study on BHK-21 cells. 

BMC Complementary and Alternative Medicine 2018, 18:

325. DOI: https://doi.org/10.1186/s12906-018-2382-7

54. Puljula E, Walton G, Woodward MJ, Karonen M:

Antimicrobial activities of ellagitannins against Clostridiales 

perfringens, Escherichia coli, Lactobacillus plantarum and 

Staphylococcus aureus. Molecules 2020, 25, 3714. DOI:

https://doi.org/10.3390/molecules25163714

55. Adamczak A, Ożarowski M, Karpiński TM: Antibacterial 

activity of some flavonoids and organic acids widely 

distributed in plants. J Clin Med 2019, 9: 109.

DOI: https://doi.org/10.3390/jcm9010109

56. Zillich O, Schweiggert-Weisz U, Eisner P, Kerscher M:

Polyphenols as active ingredients for cosmetic products. 

International Journal of Cosmetic Science 2015, 37.  

DOI: https://doi.org/10.1111/ics.12218  

57. Martirosyan D, Ekblad M: Functional foods classification 

system: exemplifying through analysis of bioactive 

compounds. Functional Foods Science 2022, 2(4): 94-123.

DOI: https://www.doi.org/ffs.v2i4.919

58. Martirosyan D, Brugger J, Bialow S: Functional food science: 

Differences and similarities with food science. Functional

Foods in Health and Disease 2021, 11(9): 408-430. DOI:

https://www.doi.org/10.31989/ffhd.v11i9

59. Martirosyan D, Kanya H, Nadalet C: Can functional foods 

reduce the risk of disease? Advancement of functional food 

definition and steps to create functional food products. 

Functional Foods in Health and Disease 2021, 11(5): 213-

221. DOI: https://www.doi.org/10.31989/ffhd.v11i5.788

http://www.ffhdj.com/
https://doi.org/10.1080/14786419.2022.2111560
https://doi.org/10.1186/s12906-018-2382-7
https://doi.org/10.3390/molecules25163714
https://doi.org/10.3390/jcm9010109
https://doi.org/10.1111/ics.12218
https://www.doi.org/ffs.v2i4.919
https://www.doi.org/10.31989/ffhd.v11i9
https://www.doi.org/10.31989/ffhd.v11i5.788

