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Abstract

The present work was carried out to investigate the presence of bioactive compounds in selected medicinal orchids such as Dendrobium 
jerdonianum, Dendrobium barbatulum, Eria mysorensis, Bulbophyllum neilgherrense, and Pholidota pallida. The phytochemical, 
antibacterial, and antioxidant properties of the plants were evaluated using extracts obtained through chloroform, methanol, and aqueous 
extraction methods, respectively. The results of the phytochemical test showed the presence of diverse classes of secondary metabolites 
such as alkaloids, steroids, triterpenes, saponins, tannins, flavonoids, carbohydrates, resins, proteins, glycosides, and phenolics. The 
presence of these phytochemicals varied among different solvent extracts among the selected plants. Among the plant extracts tested, 
D. Jerdonianum and P. pallida offered significant p ≥ 0.05 antibacterial properties against Escherichia coli, Salmonella typhi, Bacillus 
subtilis, Shigella flexneri, and Pseudomonas aeruginosa with a minimum inhibitory concentration (MIC) ranging from 0.312 to 
2.5 mg/mL. Among the plant extracts tested, methanol extract of Erythrina mysorensis (29.38%), B. neilgherrense (15.92%), P. pallida 
(13.84%), and D. barbatulum (13.10%) showed highest phenolic contents, followed by chloroform and aqueous extracts in all the 
plants. E. mysoriensis and D. jerdonianum exhibited highest antioxidant properties at 85.41% and 81.28% (with IC50 values of 36.49 
and 43.72 μg/mL), respectively, while the positive control, gallic acid, displayed antioxidant properties of 94.61% (with an IC50 values 
of 30.49 μg/mL). These results warrant further studies on using these selected orchids for therapeutic and pharmaceutical applications.
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1. Introduction

Medicinal plants such as herbs, shrubs, and woody 
plants have played a crucial role in the development 
of new therapeutic drugs, contributing to the 
improvement of human life for thousands of years. 
These biologically active therapeutic agents have 
served as a valuable source of new natural products 
for humans [1]. Orchidaceae is one of the biggest 
and most well-known families of flowering plants 
in the plant kingdom [2]. With approximately 
779 genera and 22,500 species, it stands as the 

most ecologically and morphologically diverse 
member of angiosperms [3]. In India, the diversity 
of Orchidaceae members is represented by 1331 
species across 186 genera, due to their adaptable 
nature. Orchids can be classified as epiphytic 
(growing on trees or shrubs), saprophytic (growing 
on dead and decaying matter), or terrestrials 
(growing on the ground). They are highly sensitive 
to habitat degradation and fragmentation [4,5].

The majority of orchid plants are highly medicinal 
and used to combat various ailments [6,7]. These 
plants are also used to extract various natural 
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products such as perfumes and medicines [8,9]. 
Approximately 60% of orchids are used every year 
for various medicinal purposes, and they are known 
to contain abundant chemical constituents such as 
alkaloids, flavonoids, and terpenoids [10,11]. One 
well-known example is vanillin, a flavoring agent 
obtained from Vanillin planifolia [12,13]. Vanillin 
is a phenolic aldehyde, commercially available, 
and extensively used in the food industry [14]. 
Purified compounds obtained from orchid extracts 
exhibit several bioactivities such as antimicrobial, 
antioxidant, anthelmintic, insecticidal, antiviral, 
analgesic, antipyretic, anti-allergic, wound healing, 
anti-aging, anti-cancer, and anti-inflammatory 
properties [15-17]. The Indian subcontinent, 
characterized by different climatic regimes, 
habitat conditions, and forest types, provides a 
favorable environment for a diverse group of orchid 
species [18,19]. In southern India, the Western 
Ghats is the main hub for many natural products, 
encompassing a wide range of forest areas, ranging 
from tropical wet evergreen forests to grasslands 
with rich flora, and enriched with several endangered 
flowering plant species [20]. The Western Ghats 
area of Karnataka, which includes Kodagu, Hassan, 
Chikmagalur, Shimoga, and Uttara Kannada, boasts 
a high diversity of orchids [20-22] (Figure 1). Thus, 
in light of the medicinal importance of the orchids, 
certain epiphytic orchids, such as Dendrobium 
jerdonianum Wight, Dendrobium barbatulum 
Lindl, Eria mysoriensis Lindl, B. neilgherrense 
Wight, and Pholidota pallida Lindl (Figure S1) 
obtained from the Western Ghats region, were 
selected for the present study. The objective of this 
study is to isolate bioactive secondary metabolites 
and evaluate the phytochemical, antibacterial, and 
antioxidant properties of these orchid plants using 
various organic solvent extraction methods.

2. Materials and methods

2.1. Chemicals and reagents

All the chemicals were purchased from Sigma 
Aldrich and Hi-Media Lab. Pvt. Ltd. Bangalore, 
including DPPH (2,2-diphenyl-1-picrylhydrazyl 
[99%]), hexane (98%), chloroform (98%), methanol 
(99%), sterile distilled water and streptomycin, 
gallic acid (99%), nutrient agar, nutrient broth, 
Lieberman–Burchard (LB) reagent (98%), 

Folin–Ciocâlteu (FC) reagent (98%), phosphate 
buffer, and ferric chloride.

2.2. Plant materials collection

Fresh plant materials were collected from the 
Western Ghats of Karnataka, India (12° 25’37 
N) and (75° 44’51 E) and identified using the 
Flora of the Presidency of Madras [23]. The 
specimens were submitted to the Department of 
Studies in Botany, University of Mysore (Voucher 
specimen no.: D. jerdonianum (UOMBOT20DJ05), 
D. barbatulum (UOMBOT20DB04), E. mysoriensis 
(UOMBOT20EM06), B. neilgherrense 
(UOMBOT20BN03), and P. pallida 
(UOMBOT20PP07).

2.3. Preparation of plant extracts

Collected plant materials (pseudobulbs/tubers) 
were thoroughly washed with running tap 
water, cut into small pieces, shade dried at room 
temperature, and made into a fine powder using 
a mixture grinder. Each powdered sample (100 g) 
was mixed in 250  mL of chloroform, methanol, 
and water, respectively, and left for 24 h in a rotary 
shaker at room temperature and then filtered. 
The filtrate was collected and subjected to flash 
evaporation to obtain the extracts. The extracts 
were stored at 4°C in an airtight glass bottle until 
further experiments [24].

2.4. Preliminary phytochemical screening

Each plant extract was subjected to qualitative 
preliminary phytochemical analysis to detect the 
presence or absence of various classes of secondary 
metabolites such as alkaloids, carbohydrates, 
flavonoids, glycosides, phenolics, proteins, resins, 
triterpenes, steroids, saponins, and tannins, using 
the method described by Harborne (1998) [25].

2.5. Antibacterial activity

2.5.1. Test pathogens

Bacterial strains, such as Salmonella typhi 
(MTCC733), Shigella flexneri (MTCC1457), 
Pseudomonas aeruginosa (MTCC2453), Escherichia 
coli (MTCC7410), and Bacillus subtilis (MTCC121), 
were procured from the Microbial Type of Culture 
Collection (MTCC) and Gene Bank, Chandigarh, 
India.
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2.5.2. Disk diffusion method

The antibacterial activity of the extract was tested 
using the disk diffusion method [26]. Briefly, 100 
µL (1.5 × 108 CFU/mL) of the bacterial test sample 
(24-h-old) was spread uniformly on the surface of 
the Petri plates containing solidified nutrient agar 
media using a sterile glass spreader. The sterile disks 
(6 mm) were loaded with 50 µL (3.5 mg) and 75 µL 
(6.5 mg) of each plant extracts, respectively, from 
the stock (50 mg/mL) and placed equidistantly. The 
streptomycin (25 μg/mL) and respective solvents 
(25 µL) were used as positive and negative controls, 
respectively, and plates were incubated at 37±2°C 
for 24  h. After incubation, the zone of inhibition 
was measured, and the experiment was repeated in 
triplicates.

2.5.3. Minimum inhibitory concentration (MIC)

The MIC was determined using the micro-broth 
dilution method [27]. The extracts were prepared at 
a concentration of 50 mg/mL in respective solvents. 
In a 96-well plate, each well was dispensed with 
100 μL of nutrient broth, followed by the addition 
of 100 μL stock solutions that were serially diluted 

(0.002–5 mg/mL). Subsequently, a 10 μL bacterial 
inoculum suspension was added to the mixture 
and incubated at 37±2°C for 24  h. Absorbance 
was measured without agitation at 620  nm using 
an ELISA plate reader (LabTech 4000). The 
MIC was confirmed by adding 10 μL of TTC 
(2, 3, 5-triphenyl tetrazolium chloride) per well 
at a concentration of 2 mg/mL and incubating the 
mixture for 30 min. The MIC was determined as 
the lowest concentration at which no color changes 
were observed. The experiments were performed in 
triplicates.

2.6. Antioxidant activity

The free radical scavenging activity (RSA) of 
each extract was evaluated using the DPPH assay, 
following the method described by Wahab et al. [28]. 
Each extract at varying concentrations (20, 40, 60, 
80, and 100 μg/mL) was prepared from the stock 
of 1mg/mL and tested for antioxidant activity. Four 
milliliters (4  mg 100/mL in methanol) of DPPH 
solution was added to each test tube containing 
extract, and methanol only was used as blank. The 
reaction mixture was incubated for 20 min at room 
temperature in the dark. The absorbance was measured 

Figure 1. The map shows the diversity of orchids in the Western Ghats. (A and B) Western Ghats of India 
and their states. (C) Diversity of orchids in Karnataka districts.
Note: Green stars – indicate the areas inhabited by orchids.

A

B
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at 517 nm after incubation using a spectrophotometer. 
The experiment was performed in triplicates. The 
percentage of RSA and the inhibitory concentration 
(IC50) were calculated using the following formula:

( )
 % Scavenging activity =
Absorbance control -Absorbance (sample)

100
Absorbance (control)

×

�
(I)

2.7. Total phenolic content

The presence of phenolic substances was measured 
using the FC reagent method, referring to gallic 
acid standard [29]. Each plant extract was tested 
at a concentration of 100 μg/mL. A combination of 
0.5 mL of FC reagent and 1.0 mL of Na2CO3 (20%) 
was added to each test tube and incubated in the 
dark for 42  min. The absorbance was measured 
at 765  nm using a spectrophotometer (Thermo 
Fischer). The experiment was performed in 
triplicates. The absorbance of samples was plotted 
against the concentration and expressed in terms of 
gallic acid equivalence (µg GAE/g of extract).

2.8. Statistical analysis

Data from three replicates were averaged and 
analyzed for each experiment. Analysis of variance 
was performed using SPSS Inc. 16.0. To determine 
the significant effects of treatments, Tukey’s HSD 
test was conducted to compare, and separate 
treatment means based on F-values (p ≤ 0.05).

3. Results and discussion

3.1. Preliminary phytochemical screening

Plants with a greater number of phytoconstituents 
generally exhibit higher medicinal properties. The 
phytochemical analysis of tested plant extracts 
revealed the presence of various classes of 
secondary metabolites in chloroform, methanol, 
and aqueous extracts, and the results of the 
biochemical test showed the presence of various 
classes of phytoconstituents such as alkaloids, 
steroids, triterpenes, saponins, tannins, flavonoids, 
carbohydrates, resins, proteins, glycosides, and 
phenolics in the plant. The results are presented in 
Table 1.

Among the tested plants, D. barbatulum 
showed no alkaloids, while B. neilgherrense and 
D. Jerdonianum were positive for the majority 
of the test in all extracts. These results are 
consistent with findings reported by Nagananda 
et al. [30], which found alkaloids, flavonoids, 
phenols, phytosterols, and other compounds in 
the methanol extracts of P. pallida. The majority 
of the phytochemical tests yielded the highest 
number of positive results in methanol extracts, 
followed by aqueous and chloroform extracts in 
all the plants. The findings align with previous 
reports by Kumari et al. [31] on B. neilgherrensis 
and Maridass et al. on D. barbatulum, where the 
majority of the phytochemicals were present in 
methanolic and aqueous extracts [32]. The study 
results indicate that methanol is the most effective 
solvent for extracting secondary metabolites 
from orchid plants. Methanol has been found 
to dissolve the highest number of secondary 
metabolites. These findings are consistent with the 
previous research conducted by Esmaeili et al., 
who reported that methanol extracted the highest 
phytochemical content in in vitro-grown Trifolium 
pratense L. [33].

3.2. Antibacterial activity

The antibacterial activity of the crude extracts from 
selected orchids was evaluated at 50 mg/mL stock 
solution, and the results are presented in Table 2. 
The MIC values for each crude extract are shown 
in Table S1. Among the tested plant extracts, the 
methanolic extract of P. pallida effectively inhibited 
E.coli (18.64 mm), P. aeruginosa (15.36 mm), S. 
typhi (14.32 mm), S. flexinari(13.24 mm), and B. 
subtilis (13.34  mm) (Figure  2). The MIC values 
ranged 0.312–2.5  mg/mL. The methanol extract 
of D. Jerdonianum showed moderate antibacterial 
activity against all the tested bacteria, with inhibition 
zones of 9.54, 9.64, 10.24, 11.64, and 8.58  mm, 
respectively. The MIC values for D. Jerdonianum 
ranged from 0.625–2.5  mg/mL. No antibacterial 
activity was observed in the methanolic extracts 
of D. barbatulum and Erythrina mysorensis. 
The methanol extracts of B. neilgherrense only 
showed inhibition against E.coli (8.54 mm) and S. 
flexinari (8.12 mm), while chloroform and aqueous 
extracts of the other plants showed negative results. 
The results align with the previous reports by 
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Rashmi et al. on P. pallida, which demonstrated 
effective inhibition B. subtilis, B. coagulans, S. 
typhi, and E. coli using methanol extracts [34]. 
The results indicated that among the tested plant 
extracts, methanolic extract was found to possess 

significantly higher antimicrobial properties due 
to the presence of a higher number of secondary 
metabolites, as evidenced in the preliminary 
phytochemical screening test. Extracts with 
high potential secondary metabolites effectively 

Table 1. Preliminary phytochemical screening of selected orchids in various solvent extracts
Phytochemical tests D. jerdonianum D. barbatulum E. mysorensis B. neilgherrense P. pallida

Chl Meth Aq Cchl Meth Aq Chl Meth Aq Chl Meth Aq Chl Meth Aq
Sterols

Salkowski ‑ ‑ ‑ ‑ + ‑ ‑ ‑ ‑ + + ‑ ‑ + ‑
LB test + + + + + + + ‑ + + + ‑ + + +

Triterpenes
Salkowski ‑ ‑ ‑ ‑ + ‑ ‑ ‑ ‑ + + ‑ ‑ + ‑
LB test + + + + + + + ‑ + + + ‑ + + +

Saponins
Foam + ‑ ‑ + ‑ ‑ + ‑ + + ‑ ‑ + ‑ +

Alkaloids
Mayer’s ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ +
Dragondroff’s ‑ ‑ ‑ ‑ ‑ ‑ + ‑ ‑ ‑ + ‑ ‑ ‑ ‑
Wagner’s ‑ ‑ + ‑ ‑ ‑ ‑ ‑ ‑ + ‑ ‑ + ‑ ‑
Hager’s ‑ ‑ + ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑

Tannins
FeCl3 ‑ + + ‑ + + ‑ + + + + + ‑ + +
Gelatine ‑ + ‑ ‑ ‑ ‑ + + ‑ + + ‑ + + ‑

Flavonoids
Shinado + ‑ + + + + + + + + ‑ ‑ + ‑ ‑
FeCl3 ‑ + + ‑ + + ‑ + + + + ‑ + + +
Lead acetate + + + + + ‑ + + + + + ‑ ‑ + +

Carbohydrates
Molisch’s + + + ‑ + + ‑ + + + + ‑ + + +
Fehling’s + + + ‑ ‑ ‑ + ‑ ‑ + ‑ ‑ + + ‑
Benedict’s ‑ ‑ + ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑

Resins
Turbidity + ‑ + + ‑ ‑ + ‑ ‑ + ‑ ‑ + ‑ ‑
Acetic anhydride ‑ + + ‑ ‑ ‑ ‑ ‑ ‑ + + ‑ ‑ ‑ ‑

Proteins
Biuret ‑ ‑ ‑ ‑ + ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ ‑ +
Ninhydrin ‑ ‑ + ‑ ‑ ‑ ‑ ‑ ‑ ‑ + ‑ ‑ ‑ +

Glycosides
Killer‑killiani + + + + + ‑ + + ‑ + + ‑ + + ‑

Phenolics
Ferric chloride ‑ + + ‑ + + ‑ + + + + + + + +

Notes: “+”: presence;“‑“: absence; Aq: Aqueous; Chl: Chloroform; Meth: Methanol; D. jerdonianum: Dendrobium jerdonianum;  
D. barbatulum: Dendrobium barbatulum; E. mysorensis: Erythrina mysorensis; B. neilgherrense: Bulbophyllum neilgherrense; P. pallida: 
Pholidota pallida
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inhibited the growth of bacteria, a finding in line 
with the report of Bhatnagar and Ghosal (2018), who 
demonstrated that methanolic extracts effectively 
inhibit E. coli, S. aureus, and Acinetobacter sp. It 
was also noticed that the zone of bacterial inhibition 
was also increased with plant extracts in a dose-
dependent manner [35].

3.3. Antioxidant activity

The antioxidant activity of each plant extract 
was evaluated using the DPPH method. The 
percentage of RSA was measured, and the results 
are presented in Table  3. Among the tested 
plant extracts, aqueous extracts of P. pallida, 
D. jerdonianum, and B. Neilgherrensis exhibited 
antioxidants properties of 91%, 81%, and 74%, 
respectively, with inhibitory concentrations (IC50) 
of 55.68, 43.72, and 54.84 μg/mL. The methanol 
and chloroform extracts of D. barbatulum and 
E. mysorensis showed significant RSA of 83% and 
85% at higher concentrations, with IC50values of 
44.02 and 36.49 μg/mL, respectively. The standard 
gallic acid showed 94% inhibition at 100 μg/mL 
(IC50 = 30.49 μg/mL), and it was dose-dependent. 
Similar results on medicinal orchids have been 
reported by Chand et al., who screened various 
solvent extracts for antioxidant properties [36]. The 

results revealed that the aqueous extract showed 
excellent antioxidant activity, followed by the 
methanol and chloroform extracts. The assay also 
revealed a dose-dependent with RSA. Furthermore, 
Paudel et al. reported the antioxidant activity 
of D. moniliforme, wherein the ethanol extracts 
showed antioxidant properties of 94%, significantly 
higher than acetone and chloroform extracts [37].

3.4. Total phenolic content (TPC)

The total phenolic content was measured and quantified 
in terms of gallic acid equivalent. These plants are 
often associated with polyphenolic substances and 
are considered a good source of antioxidants. Orchid 
plants, in particular, are well-known for their own 
medicinal properties (Moretti et al., 2013) [38]. The 
phenolic content was measured according to the 
Folin–Ciocâlteu method at 100 µg/mL, and the results 
are presented graphically in Figure  3. The assay 
revealed that all the extracts contained a considerable 
amount of polyphenols. The percentage of TPC 
was determined by referencing the plotted standard 
gallic acid curve and applying a linear regression 
coefficient with an R² value of 0.9986 (FigureS2). 
Among the tested plant extracts, the methanol extracts 
of E. mysorensis, B. neilgherrense, P. pallida, 
and D. barbatulum showed the highest phenolic 

Figure  2. The antibacterial activity of the maximum zone of inhibition showed in methanolic extracts 
of Dendrobium jerdonianum. (A) Salmonella typhi, (B) Shigella flexneri, (C) Pseudomonas aeruginosa, 
(D) Escherichia coli, and (E) Bacillus subtilis.
Notes: N: Negative control; S: Standard.
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contents of 29.38%, 15.92%, 13.84%, and 13.10%, 
respectively. The aqueous extracts D. Jerdonianum 
showed a phenolic content of 18.26%, followed by 
the chloroform extracts. The findings are in agreement 
with the studies conducted by Poudel et al. [39] on 
D. amoenum and Minh et al. [40] on Phalaenopsis 
sp., which reported significant phenolic and flavonoid 
contents in these orchid species, making them good 
source of antioxidants [40].

4. Conclusion

This study highlights the bioefficacy of selected 
medicinal orchids from the Western Ghats. The 
phytochemical analysis in various solvent extracts 
revealed the presence of secondary metabolites 
such as alkaloids, steroids, triterpenes, saponins, 

Table 3. DPPH radical scavenging activity of selected orchids in various solvent extracts
Plants and extracts Concentrations (μg/mL) IC50 (μg/mL)

20 40 60 80 100
D. jerdonianum

Chloroform 4.37±2.41n 25.27±0.39n 37.42±0.06k 40.34±0.22j 54.07±0.47k 83.77
Methanol 23.93±0.82l 39.85±0.19h 47.75±2.13h 56.86±0.13h 62.21±1.42i 68.30
Aqueous 38.91±0.81c 47.26±1.61e 57.22±0.65c 68.40±0.26d 81.28±0.97e 43.72

D. barbatulum
Chloroform 28.18±0.55j 32.80±0.68k 45.32±1.99i 51.64±0.34i 65.97±0.13h 71.06
Methanol 32.07±0.76g 51.76±1.85c 62.21±0.42b 67.92±2.24e 83.83±0.61d 44.02
Aqueous 31.59±1.74h 51.76±0.85c 62.21±0.42b 70.83±0.61c 59.65±0.78j 46.14

E. mysorensis
Chloroform 39.79±0.51b 54.44±0.71b 61.44±0.93b 74.08±0.62b 85.41±0.92c 36.49
Methanol 33.90±0.36d 50.18±2.26d 56.74±0.62d 68.28±0.75d 75.69±0.66f 42.47
Aqueous 29.76±0.14i 34.38±0.39j 39.85±0.19j 40.94±0.75j 61.60±0.89i 84.76

B. neilgherrense
Chloroform 23.57±0.23l 27.46±0.51m 29.16±0.16l 33.29±0.83k 38.88±2.14m 47.79
Methanol 12.02±0.16m 21.74±0.97o 26.00±0.43m 33.17±1.32k 45.20±0.49l 117.50
Aqueous 35.96±0.98d 41.31±2.27g 51.03±0.81f 59.29±0.26f 74.72±0.61f 54.84

P. pallida
Chloroform 33.04±0.82f 38.03±1.59i 44.10±0.93i 57.71±0.67g 68.40±0.26g 63.87
Methanol 31.34±0.72h 42.64±0.85f 55.52±0.55e 72.29±0.48c 82.38±1.53e 49.67
Aqueous 26.85±0.98k 28.67±0.58l 49.08±0.87g 72.90±2.01c 91.13±0.21b 55.68

Standard
Gallic acid 41.33±0.51a 59.41±0.65a 68.38±0.61a 80.34±0.58a 94.61±0.47a 30.49

Values are the means of three independent replicates±SE. Means followed by the same letter (s) within the same column are not 
significantly different, according to Tukey’s HSD.

Figure 3. Total phenolic contents of selected orchid 
in various solvent extracts at the concentration 
of 100 µg/mL and expressed in gallic acid 
equivalence per gram of dry weight. Values are the 
means of three independent replicates (n = 3), and 
bars sharing the same letters are not significantly 
different (p ≤ 0.05) according to Tukey’s HSD test 
results.
Notes: Chl: Chloroform; Meth: Methanol.
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tannins, flavonoids, carbohydrates, resins, proteins, 
glycosides, and phenolics. The diverse range 
of phytochemicals present in the tested extracts 
contributes to their potential antioxidant properties 
and their status as good sources of phenolic 
substances. Furthermore, among the various extracts 
tested, methanolic extracts of D. Jerdonianum and P. 
pallida showed significant inhibition against tested 
pathogens, indicating the potential of isolating the 
bioactive metabolites for antibacterial purposes. 
The overall bioefficacy of the selected orchids can 
be attributed to the presence of numerous groups of 
secondary metabolites in various solvent extracts. 
Therefore, the study paves the way for their better 
utilization as therapeutic agents in the near future.
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