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Castanopsis Species
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Yallappa Rajashekar b, and Jharna Chakravorty a

aDepartment of Zoology, Rajiv Gandhi University, Itanagar, India; bDepartment of Biotechnology, 
Government of India, Insect Bioresource Laboratory, Animal Bioresources Programme, Institute of 
Bioresources and Sustainable Development, Imphal, Manipur, India

ABSTRACT
The phytochemical compounds in the leaf extracts of 
Castanopsis indica and C. tribuloides were evaluated, and their 
antioxidant and antimicrobial potential were assessed. The TPC 
was found to be 193.12 and 159.49 mg GAE g−1 dry weight, and 
the TFC was 108.12 and 96.49 mg QE g−1 dry weight, for C. indica 
and C. tribuloides, respectively. C. indica had higher DPPH 
scavenging activity, with an IC50 value of 15.10 μg mL−1. Both 
extracts showed substantial antimicrobial activity against the 
tested bacteria. GC-MS analysis showed the presence of 76 VoCs 
in C. indica leaf, and 71 VoCs in C. tribuloides.

ARTICLE HISTORY 
Received 22 June 2023 

KEYWORDS 
GCMS; Phytochemicals; 
Traditional

Introduction

Castanopsis spp. (Fagaceae) known as the Indian chestnut tree is found 
throughout the northeast region of India, Nepal, Bhutan, Myanmar, 
Bangladesh, Laos, Thailand, and Vietnam, where it is used in traditional 
medicine. Its nut is listed in indigenous edible wild fruits.[1] India is the largest 
producer of remedial herbs and is fittingly called “the botanical garden of the 
world.”[2] Medicinal plants have been an alternative source of various drug 
and pharmacological components due to the presence of secondary metabo
lites. Phenolics, terpenoids, alkaloids, and sulfur-containing compounds are 
four major classes of secondary metabolites in plants.[3] Plant species used in 
traditional medicine contain an array of natural compounds that can be used 
to treat many types of medical conditions. Many of these therapeutic plants are 
recognized by modern medical technology and have become an important 
component of the healthcare system.

Different parts of C. indica are used to treat stomach and skin disorders, 
chest pain, and headache.[4] Its related species, C. tribuloides bark, is used to 
treat cough, goiter, and indigestion in Arunachal Pradesh.[5] Its ethanolic bark 
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extract demonstrated anticancer activity in KB cancer cells and phosphatidyl
serine (PS) targeting antibody system.[6] The methanol extract from C. indica 
leaves had an analgesic effect, behaved as a potential anticonvulsant, and 
depressed the central nervous system of Swiss albino mice.[7] Its leaf extract 
also displayed antitumor, apoptogenic,[8,9] and antimicrobial activities.[10] The 
fruit extract had antioxidant activity.[11] Total phenolic and flavonoid contents 
and antioxidant activities of the leaf and bark of C. indica from Nepal have 
been reported.[12] About 90% of prescribed medicines are plant-based in the 
traditional practice of Unani, Ayurveda, Homeopathy, and Siddha in India.[13] 

This study screened the bioactive potential of the methanolic extracts of 
C. indica and C. tribuloides leaves collected from Arunachal Pradesh, India.

Material and Methods

Sample Collection

The leaf samples were gathered from the forest of Old Ziro geographical 
locality (27°34’19.9” N and 93°48’19.0” E), District Lower Subansiri, 
Arunachal Pradesh, India, identified and samples deposited at the Botanical 
Survey of India, Itanagar. The plant samples were shade-dried, ground to 
powder, and stored at −4 ̊C for future use.

Sample Preparation

The extraction was done by cold maceration of 250 g of shade-dried powder in 
methanol for 3 days, filtered through Whatman No. 1 filter paper, and 
evaporated to dryness using a vacuum rotary evaporator. The crude methanol 
extract (7.02 g from 250 g) was concentrated in an Eppendorf concentrator 
plus and kept at −4 ̊C for further phytochemical screening, antimicrobial, and 
antioxidant assays.

Preliminary Qualitative Phytochemical Screening

The methanol extract was tested for alkaloids, cardiac glycosides, carbohy
drates, flavonoids, protein/amino acids, reducing sugars, saponins, phenols, 
terpenoids,[14] anthraquinones, steroids, tannins,[15] phlobatannin,[16] and 
volatile oils.[17]

Estimation of Total Phenolic and Flavonoids Content

The total phenols were determined by the Folin–Ciocalteu reagent 
method with some modifications.[18] One milliliter of the leaf extract 
was mixed with 0.2 mL Folin-Ciocalteu reagent, 3.16 mL distilled water, 
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0.6 mL 2% solution of Na2CO3, and 40 µL each gallic acid working 
standard. The resulting mix was incubated in the dark for 1 h at room 
temperature and its absorbance measured at 765 nm. Gallic acid was 
used as the standard (1 mg mL−1). All the tests were performed in 
triplicates. The results were determined from the standard curve and 
were expressed as mg GAE (gallic acid equivalent) g−1 of extracted 
sample.

Aluminum chloride colorimetric method was used to determine the 
flavonoid content.[19] One milliliter of sample plant extract was mixed 
with 3 mL of methanol, 200 µL of 10% aluminum chloride, 200 µL of 1  
M potassium acetate, and 5.6 mL of distilled water and kept at room 
temperature for 30 min and the absorbance measured at 420 nm. 
Quercetin was used as the standard (1 mg mL−1). All the tests were 
performed in triplicates. Flavonoid contents were determined from the 
standard curve and expressed as mg QE (Quercetin equivalent) g−1 of 
the extracted sample.

DPPH Radical Scavenging Assay

Free radical scavenging ability of the methanolic leaf extracts of C. indica 
and C. tribuloides was tested by DPPH radical scavenging assay[20] with 
some modifications. Briefly, a stock solution of 100 mg mL−1 was prepared 
for both the samples and two-fold diluted to get concentrations of 50  
mg mL−1 and 25 mg L−1. The H-atom donating ability of the plant extracts 
was determined by the decolorization of 0.025% methanolic solution of 2, 
2-diphenyl-1-picrylhydrazyl (DPPH). DPPH produces a violet/purple color 
in methanolic solution and fades to shades of yellow color in the presence 
of antioxidants.[21] A solution of 0.025 g DPPH in 1 L methanol was pre
pared, and 1 mL of this solution was mixed with 1 mL of methanolic leaf 
extracts of C. indica or C. tribuloides at different concentrations (100, 50, 
and 25 mg L−1). The reaction mix was shaken thoroughly using a vortex 
and left in the dark at room temperature for 30 min and absorbance of the 
mixes measured at 517 nm. Ascorbic acid was used as a standard 
reference.[22] Percentage DPPH radical scavenging activity (% DPPH 
RSA) was calculated as: 

where A0 is the absorbance of the control, and A1 is the absorbance of the 
extractives/standard. The % DPPH RSA was plotted against concentration, 
and from the graph, IC50 was calculated. The experiment was done in 
triplicates.
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Assessment of Antibacterial Activity of Leaf Extracts

Five bacterial pure cultures, i.e., MTCC 11,947: Shigella boydii, MTCC 121: 
Bacillus subtilis, MTCC 1430: Staphylococcus aureus subspecies aureus, MTCC 
1934: Pseudomonas aeruginosa and MTCC 661: Klebsiella pneumoniae, were 
procured from microbial type culture collection, CSIR-IMTECH, Chandigarh, 
India. All bacterial strains were maintained as stock strains in ABDOS 
Cryovials and kept at −80°C until use. Before susceptibility testing, each 
bacterial strain was cultured onto Nutrient Agar plates and incubated for 24  
h at 37°C. Five morphologically similar colonies of each strain were aseptically 
picked and cultured in 25 mL Muller Hinton Broth for 24 h at 37°C. The 
antimicrobial activity of the crude extract was checked using the Disk diffusion 
method.[23] The density of bacterial cultures required for the test was adjusted 
to 0.5 McFarland standard (1.0 × 108 CFU mL−1), which was then used to lawn 
Muller Hinton agar plates evenly using sterile swabs. The plates were dried for 
15 min and then used for the susceptibility test. Both methanolic and aqueous 
extracts were prepared by using maceration method for the dried and fresh 
leaves of C. indica and C. tribuloides viz. Methanolic Dried Leaf Extract 
(MDLE), Aqueous Dried Leaf Extract (ADLE), Methanolic Fresh Leaf 
Extract (MFLE), and Aqueous Fresh Leaf Extract (AFLE) to obtain a final 
concentration of 200 mg mL−1 with solute:solvent ratio of 1:5. Sterile blank 
discs with a diameter of 6 mm were infused with 20 µL of each dilution. The 
extract was applied in 5 µL increments to the discs, with each application 
allowed to dry before the subsequent 5 µL was spotted, ensuring accurate 
impregnation. Solvent-loaded discs were used as negative controls. 
Tetracycline (30 µg, Himedia) antibiotic discs were used as the positive con
trol. The experiments were done in triplicates, and antibacterial activity was 
evaluated by measuring the diameter of the zone of inhibition (in mm).

Determination of Minimum Inhibitory Concentration (MIC) and Minimum 
Bactericidal Concentration (MBC) Values
After preliminary screening of the two plant species for their antibacterial 
activity, the samples which showed potent antimicrobial effects were tested 
further to determine MIC and MBC against the five bacterial strains.[24] Since 
MDLE of the two Castanopsis spp. was the most effective for almost all the 
selected strains, MIC and MBC were determined only for MDLE. MIC values 
were determined using the Inhibitory Concentrations in Diffusion (ICD) 
method with slight modifications.[25] It was done by carrying out the diffusion 
test with eight discs of different concentrations of the plant extracts (in mg 
mL−1): 25, 50, 100, 200, 250, 400, 500, and 1000. The lowest concentrations 
that inhibited the growth of bacteria were the MIC values for each of the 
bacterial strains. The lowest concentrations that gave maximum clear zones of 
inhibition on MHA plates were considered as the MBC values. The MBC 
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values were further authenticated by performing a micro-dilution test using 
96-well plates and streaking the clear dilutions on MHA plates, followed by 24- 
h incubation at 37°C.[26]

Volatile Analysis of Fresh Leaf
The volatiles of these medicinal plants were profiled using the headspace solid- 
phase microextraction method (SPME),[26] and analysis was carried out on 
Thermo scientific Gas Chromatography Trace 1300 series equipped with TSQ 
8000 Duo Mass spectrometry and flame ionization detector (FID). The SPME 
fiber (75 μm CAR/PDMS, fused silica 23 Ga, blackplain) was used to equili
brate the volatiles from 5 g fresh leaves in a vial for 30 min using an SPME 
holder (57330‐U). The fiber was then injected into GC for analysis. The GC 
run time was 60 min, and the oven temperature was programmed at 60 ̊C and 
kept on hold for 10 min and raised to 325°C at 10°C per min. The inlet and MS 
transfer line temperatures were set at 250°C and 290°C, respectively. The mass 
spectrum detector was operated in scan mode from 35 to 450 m/z at the 
acquisition rate of 5spectra/s. The resultant compounds in the samples were 
identified by comparing MS data with the NIST (National Institute of 
Standards and Technology) 2016 MS spectral library database.

Statistical Analysis

The data were expressed as mean±SEM of the three replicates and analyzed by 
unpaired t-test (p < .05) using GraphPad prism 8.4.0. (GraphPad Software Inc., 
California, USA).

Results

The qualitative phytochemical screening of the methanolic crude extracts of 
C. indica and C. tribuloides leaves tested positive for carbohydrates, flavonoids, 
protein/amino acids, reducing sugars, phenols, saponins, terpenoids, anthra
quinones, steroids, tannins, phlobatannin but negative for alkaloids and vola
tile oils (Table 1). The total phenolic content was 193.116 ± 0.01 mg GAE g−1 

d.w. for C. indica and 159.485 ± 0.01 mg GAE g−1 d.w. for C. tribuloides. The 
total flavonoid content was 108.117 ± 0.00 mg QE g−1 d.w. and 96.491 ± 0.00  
mg QE g−1 d.w. for C. indica, and C. tribuloides leaf extract, respectively. The 
IC50 values of C. indica, and C. tribuloides were 15.104 ± 0.01 and 89.914 ±  
0.01 µg mL−1, respectively. The content of total phenolics and flavonoids in 
C. indica were higher than in C. tribuloides. Both C. indica and C. tribuloides 
demonstrated dosage-dependent DPPH free radical scavenging activity 
(Fig. 1),

Both the plant extracts had antibacterial potential against the bacteria 
tested (Table 2). The MDLE was most effective against all the bacterial 
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strains except P. aeruginosa, for which MFLE showed the highest anti
bacterial activity (23 mm for C. indica and 20 mm for C. tribuloides) 
(Table 2). The MIC and MBC values of the MDLE of both plant species 
showed that they were comparable to or better than the standard 
(Table 3).

The GCMS analysis of the fresh leaf of C. indica revealed the pre
sence of 76 compounds, representing 96.86% of the total VOCs (volatile 
organic compounds) content (Table 4 and Fig. 2), while 71 compounds, 
representing 95.71% of the total content in C. tribuloides (Table 5 and 
Fig. 3). The few main VOCs dominating in C. indica were nonanal 
(33.77%), furan, 2-pentyl (17.8%), trans-2-(2-pentyl) furan (7.64%), car
yophyllene (2.14%), methyl salicylate (1.99%), á-pinene (1.93%), while 
compounds such as anethole (8.69%), 3-hexen-1-ol, acetate, (Z)- 
(60.11%), 2-heptanone (3.77%), 2,6-pyrazinediamine (17.25%), and 
estragole (0.83%) were dominant in C. tribuloides.

Table 1. Qualitative phytochemical evaluation of methanolic leaf extracts of castanopsis indica and 
C. tribuloides.

Sl. 
No. Chemical constituents Test/Regents

Results

C. indica C. tribuloides

1 Alkaloids Wagner test - -
2 Anthraquinones Bornträger’s test + +
3 Cardiac glycosides Kellar-Kiliani test + +
4 Carbohydrates Benedict’s test + +
5 Flavonoids Shinoda test + +
6 Phenols Ferric chloride test + +
7 Phlobatannin 1% HCl + +
8 Protein/Amino acids Ninhydrin test + +
9 Reducing sugars Fehling test + +
10 Saponins Foam test + +
11 Steroids Liebermann-Burchardt test + +
12 Tannins Braemer’s test + +
13 Terpenoids Salkowski test + +
14 Volatile oils Strin test - -
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Figure 1. DPPH scavenging activity of methanolic leaf extract of castanopsis indica and 
C. tribuloides.
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Discussion

The primary purpose of this study was to gain insight into the bioactive 
potential of Castanopsis spp. distributed in India, Nepal, Bhutan, Myanmar, 
Bangladesh, Laos, Thailand, and Vietnam.[27] The high healing potential of the 
selected medicinal plants is due to the secondary metabolites they produce[28] 

Different classes of phytochemical compounds in the plant are the key to their 
antioxidant and antimicrobial properties. In this study, the methanolic leaf 
extracts of both the Castanopsis spp. tested positive for carbohydrates, flavo
noids, protein/amino acids, reducing sugars, phenols, saponins, terpenoids, 
anthraquinones, steroids, tannins, and phlobatannin but negative for alkaloids 
and volatile oils which is consistent with earlier reports.[12] The total phenolic 
content and the total flavonoid content were higher than in the previous 
reports which may be due to differences in extraction methods used. Major 

Table 2. Antimicrobial activity against selected bacterial strains by methanolic and aqueous 
extracts of fresh and dried leaf extracts of castanopsis indica and C. tribuloides.

SL. No. Bacterial strains

Zone of inhibition (i.e. ZOI in mm) (Mean)

C. indica 
(Different types of leaf extracts)

C. tribuloides 
(Different types of leaf extracts)

MDLE ADLE MFLE AFLE MDLE ADLE MFLE AFLE

1. MTCC 11,947 Shigella boydii 25* 10* 17* 11* 19* - 15* 09*
2. MTCC 121 

Bacillus subtilis
26** 13** 23** 14** 11** 07** 10** -

3. MTCC 1430 
Staphylococcus aureus subsp. aureus

20 - 19 - 15 - 13 -

4. MTCC 1934 
Pseudomonas aeruginosa

21 17 23 22 18 11 20 19

5. MTCC 661 
Klebsiella pneumoniae

19 15 18 16 13 08 11 09

Methanolic Dried Leaf Extract (MDLE); Aqueous Dried Leaf Extract (ADLE); Methanolic Fresh Leaf Extract (MFLE); and 
Aqueous Fresh Leaf Extract (AFLE). 

(*) =No clear zone, (-) = No ZOI or ZOI <0.7 mm.

Table 3. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) 
values (mg mL−1) and zone inhibitions for castanopsis indica and castanopsis tribuloides.

Materials

Bacterial strains

MTCC 11,947 
Shigella boydii

MTCC 121 
Bacillus subtilis

MTCC 1430 
Staphylococcus 
aureus subsp. 

aureus

MTCC 1934 
Pseudomonas 

aeruginosa

MTCC 661 
Klebsiella 

pneumoniae

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
C. indica 

(MDLE)
50 

(12  
mm)

100 
(23  

mm)

100 
(24 mm) 

**

- 50 
(16  
mm)

100 
(18  

mm)

50 
(11  
mm)

200 
(21  
mm)

25 
(12  
mm) 
*

100 
(14  
mm)

C. tribuloides 
(MDLE)

50 
(13  

mm)

100 
(24  

mm)

100 
(09 mm) 

**

- 25 
(10  
mm)

100 
(13  

mm)

50 
(13  
mm) 
*

200 
(18  
mm)

50 
(08  
mm)

100 
(11  
mm)

Tetracycline-30  
µg)

23 mm 23 mm 27 mm 27  
mm

25  
mm

25 mm 38 mm 38 mm 10 mm 10 mm

(*) =No clear zone, (-) = No ZOI or ZOI <0.7 mm.
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phytochemical groups such as alkaloids, terpenoids, phenolic compounds, 
saponins, and glucosinolates are known to have potent activity against patho
genic microbes, which were present in both the Castanopsis species. The 
phenolic compounds possess a broad spectrum of antiviral, antifungal, and 
strong antimicrobial properties, especially in gram-positive bacteria.[29] 

Flavonoids are among the largest secondary metabolites present in many 
plant species, known to have significant antioxidant properties. Natural anti
oxidants are gaining popularity and preferred over synthetic versions, 

Table 4. Volatile compositions identified in castanopsis indica leaf extract by GCMS.
SL.NO aRT COMPOUND bRSI AREA %

1. 13.17 Nonanal 905 33.77
2 9.86 Furan, 2-pentyl- 913 17.81
3 10.16 trans-2-(2-Pentenyl)-furan 920 7.64
4 21.90 Caryophyllene 914 2.14
5 15.87 Methyl salicylate 923 1.99
6 9.42 á-Pinene 950 1.93
7 4.80 Octane 943 1.26
8 6.07 2-Hexenal 928 1.25
9 10.83 o-Cymene 962 1.13
10 11.51 á-Ocimene 914 0.92
11 7.05 Styrene 924 0.87
12 6.48 4,6-Octadiyn-3-one, 2-methyl- 903 0.71
13 24.43 Silabenzene,1-methyl- 955 0.64
14 6.20 3-Hexen-1-ol, (Z)- 942 0.59
15 17.61 2-Decenal, (E)- 913 0.58
16 22.94 (1 R,9 R,E)-4,11,11-Trimethyl-8-methylenebicyclo[7.2.0]undec-4-ene 939 0.56
17 26.71 Dihydro-cis-à-copaene-8-ol 949 0.54
18 14.76 trans-2-Nonenal 952 0.46
19 17.97 Benzoic acid, 2-hydroxy-,ethyl ester 937 0.43
20 8.49 2-Undecanone 912 0.34
21 22.47 (1 R,3aS,8aS)-7-Isopropyl-1,4-dimethyl-1,2,3,3a,6,8a-hexahydroazulene 924 0.34
22 7.20 Nonane 912 0.32
23 20.76 Germacrene D 927 0.31
24 Other miscellaneous and traced compounds 19.33
Total 96.85%

Figure 2. The identification of the compound in Castanopsis indica extracts based on reverse 
search index (bRSI) matching from the NIST library. aRT represents retention time, and the total 
area % of the compounds was 96.85%.
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particularly for preventing the damaging effects of free radicals in human 
metabolism as well as their destruction during fatty food processing and 
storage.[30] Since the leaf extracts of Castanopsis spp. were high in flavonoids, 
they can be a potential source of natural antioxidants. Many flavonoid deri
vatives are known to possess potent growth-inhibiting potential for bacterial 

Table 5. Volatile compositions identified in castanopsis tribuloides leaf extract by GCMS.
SL.NO aRT COMPOUND bRSI AREA%

1 18.4 Anethole 962 8.69
2 10.34 3-Hexen-1-ol, acetate, (Z)- 939 60.11
3 10.52 2-Heptanone 836 3.77
4 6.19 2,6-Pyrazinediamine 878 17.25
5 17.51 Estragole 951 0.83
6 6.55 Cyclopropane, propyl- 875 0.63
7 6.01 1-Ethylpropyl acetate 865 0.5
8 17.61 Benzaldehyde, 4-methoxy- 923 0.48
9 15.03 Benzyl 3-hydroxypropanoate 877 0.37
10 43.54 8-Azabicyclo[4.3.1]decan-10-one, 8-methyl- 790 0.26
11 27.07 Piperidine, 1,1’-dithiobis- 776 0.25
12 37.77 1 H-Pyrido(4,3-b)indole,2,3,4,5-tetrahydro-1,1,3,3-tetramethyl- 817 0.24
13 13.18 Nonanal 872 0.23
15 24.44 2,3,4-Trifluorobenzoic acid,4-nitrophenyl ester 878 0.2
16 8.23 3-Hexenoic acid, methyl ester 889 0.19
18 10.98 3-Hexen-1-yne 890 0.18
19 18.6 Decane, 2,5,9-trimethyl- 836 0.16
20 27.94 Phenol, 4-(1-phenylethyl)- 911 0.14
21 10.04 Cyclotetrasiloxane,octamethyl- 805 0.14
22 7.72 Acetic acid, hydroxy-, propyl ester 846 0.13
23 35.84 3(2 H)-Benzofuranone,6-methoxy-2-[(2-methoxyphenyl)methylene]-, (E)- 857 0.13
24 13.53 1,7-Octadien-3-one,2-methyl-6-methylene- 865 0.13
25 39.75 2-Isopropyl-5-methylcyclohexyl 3-(1-(4-chlorophenyl)-3-oxobutyl)-coumarin-4-yl 

carbonate
707 0.11

Total 95.71%

Figure 3. The identification of the compound castanopsis tribuloides based on reverse search index 
(bRSI) matching from the NIST library. aRT represents retention time, and the total area % of the 
compounds was 95.71%.
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strains[31] and exhibit antiviral activity against a wide range of viruses.[32,33] 

The volatile assessment in these two Castanopsis spp leaves showed the pre
sence of various terpenoids and essential oils, which have greater use in 
treating pathogens associated with various diseases rather than the plant 
extract itself.[34] Nevertheless, many bioactive compounds in the methanolic 
extract did augment the overall bioactive potential in this study.

The leaf extracts of both the Castanopsis spp demonstrated the lowest 
antibacterial activity against B. subtilis, followed by S. boydii, with no clear 
zone of inhibition; the highest overall antibacterial activity was observed 
against P. aeruginosa, with greater and clearer inhibition zones than others. 
The methanolic leaf extracts were more effective than aqueous extracts against 
all the strains, with aqueous extracts showing no activity against S. aureus 
subsp. aureus.; ADLE and AFLE of C. tribuloides showing no activity against 
S. boydii and B. subtilis, respectively. This is possibly due to methanol being 
a better solvent than water for phytochemical extractions such as terpenes and 
polyphenols, which are mainly responsible for the antimicrobial activity of 
plant extracts.[35]

Opportunistic pathogens such as P. aeruginosa, B. subtilis, and S. aureus 
subsp. aureus cause food‐borne illnesses and raise challenges in public 
health.[36] The crude methanol extracts of C. acuminatissima leaves collected 
from Bulolo, Morobe Province of Papua New Guinea showed antimicrobial 
activity against B. subtilis, S. aureus, and P. aeruginosa but not against 
K. pneumoniae.[37] However, findings from this study showed that MDLE of 
C. indica and C. tribuloides species were effective against K. pneumoniae strain. 
The MDLE of C. indica and C. tribuloides were also more effective against 
P. aeruginosa than the crude methanol extract of C. acuminatissima leaves. 
Others from West Java assessed the potential of C. tungurrut leaf and stem 
extracts as natural antibacterials against E. coli and S. aureus using Kirby- 
Bauer’s disc diffusion test[38] and found that the 70% ethanol leaf extract at 
400 mg mL−1 had an inhibitory zone diameter of 4.39 mm against S. aureus, 
while the results of this study showed higher antimicrobial activities with zone 
diameters of 20 mm (MDLE), 19 mm (MFLE) for C. indica and 15 mm 
(MDLE), 13 mm (MFLE) for C. tribuloides, against gram-positive S. aureus 
subsp. aureus.

The increase in antimicrobial potential in the samples used in this study as 
compared to other Castanopsis spp may be due to species diversity of the 
genus Castanopsis. Furthermore, factors such as geographical variation, cli
matic conditions, and soil quality influence the phytochemical composition 
and its bioactivity potential.[39] The MIC and MBC values of MDLE of 
C. indica were stronger than those of C. tribuloides against most of the tested 
strains. Overall, C. indica species showed better antibacterial potential than 
C. tribuloides species. This could be due to greater phenolic compounds in 
C. indica. than C. tribuloides.
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The analysis and extraction of plant material play an essential role in the 
development, modernization, and quality control of herbal formulations.[40] 

The last few decades have been the subject of intense pharmacological studies, 
on adding to the value of various medicinal plants as potential sources of new 
therapeutic and prime candidates in drug development.[41]
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