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Abstract The results revealed that Turmeric and Ginger extracts had the high antioxidant efficacy 
by DPPH assay at IC50 = 0.57±0.01 and 0.61±0.01 mg/mL, respectively., The ABTS assay 
showed that Turmeric, Ginger and Plai extract had IC50 = 0.22±0.00, 0.23±0.00 and 0.30±0.01 
mg/mL, respectively. In addition, turmeric and ginger extracts was determined FRAP value at 
105.85±1.99 and 137.94±3.11 mg TE/g sample, respectively. The TPC and TFC of turmeric 
extract exhibited the highest TPC at 63.07 mg GAE/g sample and TFC at 555.94 mg QE/g 
sample, respectively. Antibacterial assay was evaluated by agar well diffusion technique against 
Staphylococcus aureus. It was found that the turmeric extract had the highest activity, with a zone 
of inhibition at 7.33±0.29 mm. These results indicated that five herbal extracts exhibited both 
antioxidant and antibacterial effects could be used as ingredients for development in reducing 
pain product. 
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Introduction 
 

Thai herbal medicine comprises more than 200 medicinal plants that are 
recorded in Thai Pharmacopoeia. Most of these plants are local in the country 
and are implemented in traditional herbal formulas. Curcuma longa L. 
(Tumeric), Zingiber officinale Roscoe (Ginger), Z. cassumunar Roxb. (Plai), 
Crimum asiaticum L. (Crinum Lily), and Morinda citrifolia L. (Indian Mulberry) 
are the frequently used herbs. These plants have been proven to possess anti-
inflammatory and antioxidant properties and pain-relieving characteristics. They 
are also utilized in combination herbal formulas such as Triphala and Sahasthara 
to cure fever, joint pain, and muscle inflammation (Kakatum, 2012; 
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Thongphichai et al., 2025). These herbs have high proportion of bioactive 
compounds including phenolic acids, flavonoids, terpenoids, alkaloids, and 
essential oils in high concentration. They are healing because they alter the levels 
of inflammation and oxidative stress in the body.  

Tumeric rhizomes contain curcuminoids with curcumin, 
demethoxycurcumin and bisdemethoxycucumin. Curcumin has a strong 
antioxidant and anti-inflammatory effect. It reduces the response of cells to 
inflammation and reduces the generation of pro-inflammatory substances 
(Burapan et al., 2020; de Oliveira Filho et al., 2021). Ginger rhizomes contain 
gingerols, shogaols, and paradols, which have anti-inflammatory and 
immunomodulatory effects. They inhibit the enzymes responsible from 
inflammation and pain and also reduce oxidative stress. The stress markers 
respond to ginger which allows the herb to suppress muscle pain and tiredness 
according to Mao et al. (2019) and Ayustaningwarno et al. (2024). The rhizomes 
of plai contain a special kind of phenylbutenoids which include cassumunarins 
A, B, and C which target vital proteins in inflammation and cell death pathways. 
The compounds in this herb have been shown the anti-inflammatory and pain-
relieving properties and the essential oil of plai has been found to be as effective 
as diclofenac in reducing topical edema and pain (Han et al., 2021; Gundom et 
al., 2025). The anti-inflammatory effects of crinum lily leaves extract are 
attributed to alkaloids and flavonoids which are present in the leaves. According 
to scientific research, parthenolide, a commonly known anti-inflammatory drug, 
is less effective in suppressing inflammation than thermally processed C. 
asiaticum extracts (Kongkwamcharoen et al., 2021). The leaves of Idian 
mulberry have been found to have antioxidant, antibacterial, and anti-
inflammatory properties which are useful in protecting tissues against oxidative 
damage and promote tissue healing (Zhou and Huang, 2024; Hou et al., 2025;). 

These herbs aren’t just anti-inflammatory but also contain powerful 
antioxidants. These antioxidants reduce oxidative stress that leads to muscle 
fatigue and tissue damage and slow healing. Strenuous physical activity or injury 
produces reactive oxygen species (ROS) which damage cells and aggravate 
inflammation. The antioxidants that occur in herbs can neutralize ROS, maintain 
cell health and promote recovery of tissues. The extracts of Boesenbergia 
rotunda, Centella asiatica and Triphala shown in laboratory experiments to be 
very high in antioxidant activity as indicated by DPPH, ABTS and FRAP assays 
(Sihanata et al., 2023). Such herbs contain flavonoids, and among them are 
quercetin, kaempferol, and rutin which eliminate free radicals and inhibit fat 
damage (Panche et al., 2016), and phenolic acids like gallic acid and caffeic acid 
which are powerful reducers (Shahidi and Ambigaipalan, 2015). Thai herbs also 
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provide essential oils that are antioxidant, antimicrobial and stabilise topical 
formulations (Burt, 2004). 

Despite the medicinal advantages of the Thai herbal medicine, a lack of 
experimental studies has been conducted on the antioxidant and anti-
inflammatory properties of the local herbs in the treatment of muscle pain. This 
study examined the antioxidant and antibacterial properties of Thai herbal 
extracts as their possible anti-inflammatory agents. 

 
Materials and methods  
 
Plant extraction  
 

The herbal plants such as plai (Zingiber montanum), tumeric (Curcuma 
longa), ginger (Z. officinale), Indian mulberry leaves (Morinda citrifolia), and 
crinum lily leaves (Crinum asiaticum) was dried at 45°C in hot air oven until 
reaching stable moisture content and then ground into powder using a mechanical 
grinder. The modified extraction protocol, based on Thititanaapipong et al. 
(2025), involved macerating each plant powder with 95% ethanol at a 1:5 (w/v) 
ratio. The mixtures were incubated at room temperature (28 ± 2°C) for 72 h. 
Following incubation, the resulting extract was filtered through Whatman No. 1 
filter paper. The solvent was then removed by rotary evaporation (Büchi 
Rotavapor R–205, Germany) at 40°C.The obtained extracts were analyzed for 
total phenolic content (TPC), total flavonoid content (TFC), and antioxidant 
capacity. 
 

Total phenolic contents 
The total phenolic contents (TPC) of the extracts were determined using a 

modified Folin-Ciocalteu colorimetric method based on the procedure described 
by Shao et al. (2014). In brief, 0.1 mL of the appropriately diluted extract was 
mixed with 1.5 mL of Folin-Ciocalteu reagent, which was diluted 1:10 in distilled 
water. After 15 min, 1.5 mL of 7.5% sodium carbonate (Na2CO3) solution was 
added. The reaction mixture was kept in the dark at room temperature for 90 min. 
Absorbance was then measured at 725 nm using a spectrophotometer (Genesys 
30, Thermo Scientific, USA). The results were expressed as milligrams of gallic 
acid equivalents per gram of dry sample (mg GAE/g DW). 
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Total flavonoid contents 
Total flavonoid contents (TFC) were determined by a modified aluminum 

chloride colorimetric assay as described by Haile and Kang (2019). After that 0.1 
mL of diluted extract was combined with 0.2 mL 5% Sodium Nitrite (NaNO2) 
solution and allowed to stand for 5 min. The next step was the addition of 0.3 mL 
of 10% Aluminum Chloride (AlCl3) solution and the mixture was left at room 
temperature for 6 min. Then, 2.5 mL of 1 M sodium hydroxide (NaOH) solution 
was added, and the reaction mixture was incubated in the dark for 10 min. 
Absorbance was measured at 510 nm using a spectrophotometer. The results 
were reported in milligrams of quercetin equivalents per gram of dry sample (mg 
QE/g DW). 

 
Antioxidant activity  
Three tests (DPPH, ABTS, and FRAP) were used to test the antioxidant 

properties of the sample. Through the DPPH test, the sample was combined with 
0.1 mM DPPH solution in methanol, allowed to stand in the dark at room 
temperature for 30 min, then the absorbance was measured at 517 nm (Chen et 
al., 2021). In the ABTS test, the ABTS•⁺ radical cation was created using 
potassium persulfate, the mix was let stand for 12-16 h, diluted to an absorbance 
of 0.70 ± 0.02 at 734 nm, reacted with the sample for 6 min, then absorbance at 
734 nm was measured (Re et al., 1999). The FRAP test was performed by mixing 
the sample with freshly prepared FRAP reagent (consisting of acetate buffer, 
TPTZ, and FeCl3), incubating at 37 °C for 30 min, and measuring absorbance at 
593 nm (Santos et al., 2017). DPPH and ABTS radical scavenging assays were 
reported as IC50 values and FRAP assay was reported as Trolox equivalent 
antioxidant capacity (TEAC). 
 
Determination of curcuminoids, 6-gingerol, genipin, and lycorine using high 
performance liquid chromatography (HPLC) 
 

The optimized parameters which were used as a final method for the 
estimation of curcuminoids, 6-gingerol, genipin, and lycorine, as shown in Table 
1. 
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Table 1. Chromatographic condition for curcuminoids, 6-gingerol, genipin and 
lycorine analysis  

Condition Curcuminoids 6-gingerol Genipin Lycorine 
Solvent A DI water DI water DI water 1% acetic acid 

in DI 
Solvent B Acetonitrile Acetonitrile Acetonitrile Acetonitrile 
Ratio 50:50 25:75 75:25 80:20 
Stationary phase Zorbax SB-C18 (5 µm particle size, 4.6 x 150 mm internal diameter) 
Wavelength 425 nm 280 nm 240 nm 280 nm 
Run time 10 min 10 min 10 min 10 min 
Flow rate 1.0 mL/min 1.0 mL/min 1.0 mL/min 1.0 mL/min 
Injection volume 10 µL 10 µL 10 µL 10 µL 
Temperature 30°C 30°C 30°C 40°C 
Mode of 
operation 

Gradient 
elution 

Gradient 
elution 

Gradient elution Gradient 
elution 

References Jayaprakasha  
et al. (2002) 

Ali et al. 
(2008) 

Chen et al. 
(2008) 

Emir et al. 
(2017) 

 
Antimicrobial activity  
 

Antibacterial activities of herbal plant extract were evaluated a against of 
Staphylococcus aureus. The bacterium was initially cultured on tryptic soy broth 
(TSB) and incubated with shaking (100 rpm) at 37°C for 24 h.  

 
Agar well diffusion assay 
Agar well diffusion experiment was performed on tryptic soy agar (TSA) 

plates using a modified protocol of Wattanuruk and Detraksa (2023) to test the 
antibacterial effect of herbal extracts. The isolate suspensions prepared to 106 
CFU/mL were evenly distributed on the surface of the agar. Sterile wells (~6 
mm) were created and 50 µL (0.05 g/mL) of each extract at specific concentration 
was dispensed into separate wells, together with positive control (amoxycillin) 
and solvent control. Plates were incubated at 37 °C for 24 h and inhibition zones 
were measured in millimeters (mm) with a calliper. The intensity of the inhibition 
was determined as weak (<5 mm), moderate (5-10 mm), strong (10-20 mm) and 
very strong (>20 mm) (Dewi and Mardhiyani, 2021). 

 
Minimum inhibitory concentration (MIC) and minimum bactericidal 

concentration (MBC) 
The herbal extract was determined to have MIC and MBC through the 

broth microdilution technique, after minor modifications to the method described 
by Jung et al. (2022). Two-fold serial dilutions of each extract were prepared in 
TSB, and each well received bacterial suspensions adjusted to the population of 
bacteria was 106 CFU/mL. After 18 h of incubation at 37 °C, the MIC was 
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determined to be the minimum concentration of extract that completely inhibited 
visible bacterial growth. To determine the MBC, aliquots (10 uL) from the wells 
at the MIC and higher concentrations were transferred onto TSA plates without 
extract, followed by incubation for 24 h, and the minimum concentration that 
gave ≥ 99.9% reduction in bacterial colonies was taken as the MBC. Amoxycillin 
was used as positive controls and the wells containing only solvent were used as 
negative controls to test the assay. 

 
Statistical analysis 
 

All experiments were conducted in triplicate. The results were given as 
mean±standard deviation (SD). A completely randomized design (CRD) was 
used in the statistical analysis. The data were analyzed with IBM SPSS 
Statistics® and the differences between mean values of treatments were tested 
using Duncan's New Multiple Range Test (DMRT). Values were considered 
significant at P < 0.05. 
 
Results  
 

The study used five local Thai herbal powders, i.e., Plai (Z. cassumunar), 
Turmeric (C. longa), Ginger (Z. officinale), Indian Mulberry leaves (M. 
citrifolia), and Crinum Lily leaves (C. asiaticum). The researchers visually 
examined these powders as shown in Figure 1. Each of the powders exhibited 
distinctive colors and textures. Plai had a bright yellow color, Tumeric had 
orange-red coloring, Ginger and Crinum Lily leaves were light brown in color, 
and Indian Mulberry leaves powders had greenish-blue color. 

 

 
Figure 1. Herbal plant powder (i) Plai, (ii) Tumeric, (iii) Ginger, (iv) Indian  
Mulberry leaves, and (v) Crinum Lily leaves 
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TPC, TFC, and antioxidant activities of herbal plants extract 
 

Five Thai herbal extracts were determined, and this includedas Plai, 
Turmaric, Ginger, Indian Mulberry leaves, and Crinum Lily leaves. Turmeric 
showed the one with the greater TPC content, then followed by Ginger, Plai, 
Indian Mulberry leaves, and Crinum Lily leaves. Turmeric was found to have the 
maximum TFC content while Indian Mulberry leaves were at the second position 
followed by Ginger, Plai and Crinum Lily leaves. Turmeric tested better with the 
DPPH test, closely followed by Ginger, with values of 0.57±0.01 and 0.61±0.01 
mg/mL. Plai is moderately active (1.14±0.03 mg/mL) whereas Indian Mulberry 
leaves and Crinum Lily leaves are very lowly effective (2.59±0.15 and 3.58±0.36 
mg/mL), respectively. Turmeric, Ginger, and Plai were highly active in the 
ABTS test (0.22±0.00, 0.23±0.00, and 0.30±0.00 mg/mL, respectively), and Plai 
had an active level of 0.31±0.01 mg/mL. The leaves of the Indian Mulberry and 
Crinum Lily obtained reduced ABTS radical scavenging efficacy at 2.94±0.11 
mg/mL and 3.13±0.12 mg/mL, respectively. The Ginger samples have the largest 
antioxidant content at 137.94±3.11 mg TE/g sample, followed by Turmeric at 
105.85±1.99 mg TE/g sample and Plai at 71.38±0.83 mg TE/g sample according 
to the FRAP assay results. The leaves of Indian Mulberry and Crinum Lily 
exhibit reduced FRAP values of 17.23±0.13 and 13.65±0.76 mg TE/g sample.  

 

 
 

Figure 2. Effect of different herbal plant extract on the TPC and TFC 
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Table 2. Antioxidant capacities of herbal plants extract 
Crude extracts DPPH assay 

IC50 (mg/mL) 
ABTS assay 
IC50 (mg/mL) 

FRAP assay 
(mg TE/g sample) 

Trolox 0.17±0.00 0.11±0.00 - 
Plai 1.14±0.03 b 0.30±0.01 a   71.38±0.83 c 

Tumeric 0.57±0.01 a 0.22±0.00 a  105.85±1.99 b 
Ginger 0.61±0.01 a 0.23±0.00 a 137.94±3.11 a 

Indian Mulberry leaves 2.59±0.15 c 2.94±0.11 b   17.23±0.13 d 
Crinum Lily leaves 3.58±0.08 d 3.13±0.12 c   13.65±0.76 e 

 
Determination of active ingredients of each herbal plant by HPLC 
 

The quantitative analysis of active ingredients in five Thai herbal extracts 
revealed unique phytochemical profiles based on their medicinal value as 
demonstrated in Table 3. The extract of Turmeric contains curcuminoids at the 
highest levels with bismethoxycurcumin at 210.65±0.36 mg/g and 
methoxycurcumin at 154.35±0.24 mg/g and curcumin at 201.97±0.38 mg/g. Plai 
extract was also found to have curcuminoids though at reduced amounts with 
bismethoxycurcumin (1.70±0.01 mg/g) and methoxycurcumin (10.89±0.03 
mg/g) and curcumin (77.86±0.53 mg/g). Ginger extract contains a high level of 
6-gingerol (315.14±4.22 mg/g) which is a pain relieving and anti-inflammatory 
substance. The leaves of Indian Mulberry were found to have genipin at 
5.06±0.31 mg/g and Crinum Lily were found to have lycorine at 53.25±4.97 
mg/g, which is an alkaloid. 

 
Table 3. Active ingredient of herbal plants extract 

 Active ingredients (mg/g sample) 

 Plai Tumeric Ginger Indian 
Mulberry 

Crinum 
Lily 

Bismethoxycurcumin 1.70±0.01 210.65±0.36 - - - 
Methoxycurcumin 10.89±0.03 154.35±0.24 - - - 

Curcumin 77.86±0.53 201.97±0.38 - - - 
6-Gingerol - - 315.14±4.22 - - 

Genipin - - - 5.06±0.31 - 
Lycorine - - - - 53.25±4.97 
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Determination of herbal plant extract on against S. aureus using agar well 
technique 

 
The sensitivity test in S. aureus was conducted using the agar well diffusion 

method. The most effective antibiotic property was produced by amoxicillin, 
which is the reference substance, with a concentration of 0.05 g/mL and a large 
inhibition zone of 34.00±0.50 mm. The greatest zone of inhibition produced by 
the herbal extracts was that of Turmeric (7.33±0.29 mm), followed by Ginger, 
(5.33±0.58 mm), and Plai (1.83±0.29 mm). Indian Mulberry leaves and Crinum 
Lily leaves did not possess such zones of inhibition in the test conditions (Table 
4). 

 
Table 4. Efficiency evaluation of herbal plants extracts in inhibiting growth of 
S. aureus using agar well diffusion technique 

Crude extracts Inhibition zone (mm) 
Amoxycillin 34.00±0.50  
5% DMSO ND 
Plai extract    1.83±0.29 c 
Tumeric extract    7.33±0.29 a 
Ginger extract    5.33±0.58 b 
Indian Mulberry leaves extract  ND 

Crinum Lily leaves extract ND 
ND = Not detected 
 
Determination of MIC and MBC of herbal plant extract on against S. aureus 
 

We looked at the MIC and MBC of five different Thai herbal extracts. 
Turmeric demonstrated the highest antibacterial effect against S. aureus since 
both MIC and MBC values were about 0.16 g/mL. Plai, Ginger, and Indian 
Mulberry leaves had the same MIC of 1.28 g/mL, but the MBC was higher, at 
2.56 g/mL. There was the least antibacterial effect of Crinum Lily leaves, having 
MIC and MBC values of 2.56 and 5.12 g/mL, respectively. The research findings 
show that Turmeric and Ginger extract demonstrated strong antibacterial effect 
because they stop and kill S. aureus (Figure 3). 
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Figure 3. Determination of MIC and MBC of herbal plant extract on against  
S. aureus 
 
Discussion  
 

The results of the study showed that the Thai extracts of herbs, especially 
Turmeric (C. longa) and Ginger (Z. officinale), had strong antioxidant and 
antibacterial effects, which may be useful in muscle pain-relieving products. Our 
results are consistent with the previous studies that indicate that curcuminoids 
and gingerols are powerful bioactive ingredients that have anti-inflammatory 
effects and can scavenge free radicals (Burapan et al., 2020; Mao et al., 2019). 
The DPPH, ABTS, and FRAP tests results showed that Ginger had the highest 
FRAP value while Turmeric had the lowest IC50 values in DPPH and ABTS 
tests. The results are similar to those of Sihanat et al. (2023), found that Turmeric 
and Ginger extracts had high antioxidant activity because of their high phenolic 
and flavonoid content. Turmeric had the most significant TPC and TFC content 
among all the herbs studied. According to the report of Shahidi and 
Ambigaipalan (2015), who discovered that phenolic acids and flavonoids 
contribute to the antioxidant protection of the body. The extracts of Indian 
mulberry (M. citrifolia) and Crinum Lily (C. asiaticum) were found to have weak 
antioxidant and antibacterial activities. The findings of this study contradict the 
previous studies that reported that the leaves of M. citrifolia possess considerable 
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biological activity (Zhou and Huang, 2024). The variation in the content of 
phytochemicals and their effectiveness may be attributed to the extraction 
method, the part of the plant used, or the environmental conditions. 

The antibacterial tests performed against S. aureus established that 
Turmeric has the largest inhibitory zone and the next two are Ginger and Plai (Z. 
montanum). Also the report of Wattanuruk and Detraksa (2023) observed that 
Turmeric extract had a high degree of inhibition of the pathogenic bacteria in 
aquatic organisms. The effect of Turmeric in killing bacteria was stronger, which 
was further supported by the MIC and MBC values, as was shown by Jung et al. 
(2022) who demonstrated that C. longa has a low MIC value against methicillin-
resistant S. aureus. 

It was also interesting, as has been shown by Han et al. (2021), that Plai 
exhibited a moderate antioxidant and antibacterial activity, yet the content of 
curcuminoids in it was much lower than that of Turmeric, which suggests that 
other compounds, such as cassumunarins, may be responsible for its bioactivity. 
Crinum Lily had the least antibacterial property even though it had lycorine 
content. The reason why it had weak antibacterial activity is because of low 
extract concentration or poor solubility of the active compounds. 

In conclusion, the results of this study demonstrate that Turmeric and 
Ginger can be used as two powerful natural ingredients to make new products 
that will be used to relieve muscle pain because of their antioxidant and 
antibacterial activities. The future studies should examine the combined action 
of extracts, better extraction methods and test on animals their effectiveness and 
safety. Furthermore, the uniformity of active ingredients and the stability of the 
formulation should be checked to make it more effective in the treatment and 
commercially viable. 
 
Acknowledgements 
 

The authors would like to offer particular thanks to financially supported by National 
Science Research and Innovation Fund (NSRF) (Fundamental Fund: Grant no.022/2568). 
Futhermore, the authors would like to thank Faculty of Science, Lampang Rajabhat University 
for providing the facilities to this research. 

 
Conflicts of interest  
 
 The authors declare no conflict of interest.  
 



 
 

 
 

764 

References  
 
Ali, B. H., Blunden, G., Tanira, M. O. and Nemmar, A. (2008). Some phytochemical, 

pharmacological and toxicological properties of ginger (Zingiber officinale Roscoe): A 
review of recent research. Food and Chemical Toxicology, 46:409-420. 

 
Ayustaningwarno, F., Anjani, G., Ayu, A. M. and Fogliano, V. (2024). A critical review of 

Ginger’s (Zingiber officinale) antioxidant, anti-inflammatory, and immunomodulatory 
activities. Frontiers in Nutrition, 11:1-16. 

  
Burapan, S., Kim, M., Paisooksantivatana, Y., Eser, B. E. and Han, J. (2020). Thai Curcuma 

species: Antioxidant and bioactive compounds. Food, 9:1-11.  
 
Burt, S. (2004). Essential oils: their antibacterial properties and potential applications in foods—

a review. International Journal of Food Microbiology, 94:223-253.  
 
Chen, C. Y., Shih, C. H., Lin, T. C., Zheng, J. H., Hsu, C. C., Chen, K. M., Lin, Y. S. and Wu, 

C. T. (2021). Antioxidation and tyrosinase inhibitory ability of coffee pulp extract by 
ethanol. Journal of Chemistry, 2021:1-8.  

 
Chen, C., Han, F., Zhang, Y., Lu, J. and Shi, Y. (2008). Simultaneous determination of geniposide 

and its metabolites genipin and genipinine in culture of Aspergillus niger by HPLC. 
Biomedical Chromatography, 22:753-757. 

 
de Oliveira Filho, J. G., de Almeida, M. J., Sousa, T. L., dos Santos, D. C. and Egea, M. B. 

(2021). Bioactive compounds of turmeric (Curcuma longa L.). In: Mérillon, J-M and 
Ramawat, KG eds. Reference Series in Phytochemistry, Berlin, Springer Verlag, pp.297-
318.  

 
Dewi, A. P. and Mardhiyani, D. (2021). Formulation and antibacterial activity of liquid soap 

containing Ketapang (Terminalia catappa L.) leaves extract. Borneo Journal of Pharmacy, 
4:43-50. 

 
Dewi, A. P. and Mardhiyani, D. (2021). Formulation and antibacterial activity of liquid soap 

containing Ketapang (Terminalia catappa L.) leaves extract. Borneo Journal of Pharmacy, 
4:43-50. 

 
Emir, A., Emir, C., Bozkurt, B., Onur, M. A., Somer, N. U. and Kaya, G. I. (2017). Application 

of HPLC-DAD for the quantification of Lycorine in Galanthus elwesii Hook. Brazilian 
Journal of Pharmaceutical Sciences, 53:1-6. 

 
Gundom, T., Sukketsiri, W. and Panichayupakaranant, P. (2025). Phytochemical analysis and 

biological effects of Zingiber cassumunar extract and three phenylbutenoids: targeting 
NF-κB, Akt/MAPK, and caspase-3 pathways. BMC Complementary Medicine and 
Therapies, 25:1-19.  

 
Haile, M. and Kang, W. H. (2019). Antioxidant activity, total polyphenol, flavonoid and tannin 

contents of fermented green coffee beans with selected yeasts. Fermentation, 5:1-13. 



International Journal of Agricultural Technology 2026 Vol. 22(2):753-766 
 

765 
 
 

 

 
Han, A.-R., Kim, H., Piao, D., Jung, C.-H. and Seo, E. K. (2021). Phytochemicals and 

bioactivities of Zingiber cassumunar Roxb. Molecules, 26:1-16. 
 
Hou, S., Ma, D., Wu, S., Hui, Q. and Hao, Z. (2025). Morinda citrifolia L.: A comprehensive 

review on phytochemistry, pharmacological effects, and antioxidant potential. 
Antioxidants, 14:1-43. 

 
Jayaprakasha, G. K., Jagan Mohan Rao, L. and Sakariah, K. K. (2002). Improved HPLC method 

for the determination of curcumin, demethoxycurcumin, and bisdemethoxycurcumin. 
Journal of Agricultural and Food Chemistry, 50:3668-3672. 

 
Jung, I. G., Jeong, J. Y., Yum, S. H. and Hwang, Y. J. (2022). Inhibitory effects of selected 

medicinal plants on bacterial growth of methicillin-resistant Staphylococcus aureus. 
Molecules, 27:1-13.  

 
Kakatum, N., Jaiarree, N. Makchucit, S. and Itharat, A. (2012). Antioxidant and anti-

inflammatory activities of Thai medicinal plants in Sahasthara Remedy for muscle pain 
treatment. The Journal of the Medical Association of Thailand, 95:S120-S126.  

 
Kongkwamcharoen, C., Itharat, A., Pipatrattanaseree, W. and Ooraikul, B. (2021). Effects of 

various preextraction treatments of Crinum asiaticum leaf on its anti-inflammatory 
activity and chemical properties. Evidence-Based Complementary and Alternative 
Medicine, 2021:8850744. DOI: 10.1155/2021/8850744.  

 
Mao, Q. Q., Xu, X. Y., Cao, S. Y., Gan, R. Y., Corke, H., Beta, T. and Li, H. B. (2019). Bioactive 

compounds and bioactivities of ginger (Zingiber officinale Roscoe). Foods, 8:1-21. 
 
Panche, A. N., Diwan, A. D. and Chand, S. R. (2016). Flavonoids: an overview. Journal of 

Nutritional Science, 5:1-15. 
 
Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M. and Rice-Evans, C. (1999). 

Antioxidant activity applying an improved ABTS radical cation decolorization assay. Free 
Radical Biology and Medicine, 26:1231-1237. 

 
Santos, J. S., Brizola, V. R. A. and Granato, D. (2017). High-throughput assay comparison and 

standardization for metal chelating capacity screening: A proposal and application, Food 
Chemistry, 214:515-522. 

 
Shahidi, F. and Ambigaipalan, P. (2015). Phenolics and polyphenolics in foods, beverages and 

spices: Antioxidant activity and health effects—a review. Journal of Functional Foods, 
18:820-897.  

 
Shao, Y., Xu, F., Sun, X., Bao, J. and Beta, T. (2014). Phenolic acids, anthocyanins, and 

antioxidant capacity in rice (Oryza sativa L.) grains at four stages of development after 
flowering. Food Chemistry, 143:90-96. 

 
Sihanata, A., Itharat, A., Worawattananutai, P., Lairungruang, K., Chaichamnong, N., 

Watcharaput, N., Noppakao, P. and Yamprasert, R. (2023). Antioxidant, cytotoxic 



 
 

 
 

766 

activities, and phytochemical compositions of the Thai traditional medicine Trikanrapit 
remedy. ScienceAsia, 49:873-879. 

 
Thititanaapipong, P., Duanyai, S., Kaewnoi, A., Vallisuta, O. and Yahuafai, J. (2025). 

Antioxidant levels antioxidant anti-inflammatory and anti-senescence cells activities of 
Mimosa pudica L. Huachiew Chalermprakiet Science and Technology Journal, 11:53-69. 

 
Thongphichai, W., Hasriadi, H., Wasana, P. W. D. et al. (2025). Anti-inflammatory activity of 

Curcuma wanenlueanga Saensouk, Thomudtha & Boonma rhizomes and the search for 
its bioactive markers by harmonizing bioassay-guided isolation and network 
pharmacology. BMC Complementary Medicine and Therapies, 25:1-17. 

  
Wattanuruk, D. and Detraksa, J. (2023). Effect of herbal plant extracts on inhibition of pathogenic 

bacteria in Nile Tilapia (Orechromis niloticus). Journal of Food Health and 
Bioenvironmental Science, 16:46-53. 

 
Wattanuruka, D. and Detraksa, J. (2023). Effect of herbal plant extracts on inhibition of 

pathogenic bacteria in Nile tilapia (Orechromis niloticus). Journal of Food Health and 
Bioenvironmental Science, 16:46-53.  

 
Zhou, Y. and Huang, X. (2024). The chemical composition and pharmacological activities of 

Morinda citrifolia. Applied Biological Chemistry, 67:1-18.  
 
 
 
 

(Received: 30 September 2025, Revised: 26 January 2026, Accepted: 28 February 2026) 
 


