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The present study investigates the phytochemical composition and chromatographic profiling of
the hydroalcoholic extract of Kaempferia parviflora rhizome. Preliminary phytochemical screening
revealed the presence of key secondary metabolites including alkaloids, flavonoids, tannins,
phenolics, saponins, steroids, glycosides, terpenoids, and volatile oils, supporting the plant's
ethnomedicinal significance. Thin Layer Chromatography (TLC) analysis was performed using four
solvent systems of varying polarity to optimize the separation and visualization of constituent
compounds. Distinct and well-resolved bands were observed under UV light (254 nm and 365
nm), with Rf values ranging from 0.08 to 0.97, indicating a rich diversity of polar and moderately
polar phytochemicals. Derivatization with vanillin-sulfuric acid further confirmed the presence of
compound classes such as flavonoids, phenolics, terpenoids, and glycosides. The comprehensive
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phytochemical and chromatographic profiles obtained in this study underscore the potential of K.
parviflora as a valuable phytopharmaceutical candidate, laying the groundwork for further
bioactivity-guided isolation and anticancer assessment.
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1. INTRODUCTION

Kaempferia parviflora Wall. ex Baker, commonly

referred to as black ginger, is a medicinal plant
belonging to the Zingiberaceae family. It is
predominantly native to Southeast Asia, particularly
Thailand, Myanmar, and Laos. Traditionally, the
rhizomes of K parviflora have been used in folk
medicine to manage a variety of health conditions,
including digestive disorders, inflammation,
hypertension, and metabolic imbalances 2. In recent
decades, the plant has attracted growing scientific
interest due to its diverse therapeutic properties,
especially its antioxidant and anticancer activities,
aligning with the global resurgence in the use of
ethnomedicines 3. Globally, breast cancer remains the
most commonly diagnosed cancer and the leading cause
of cancer-related mortality among women (World
Health Organization, 2023). Although significant
advancements have been made in breast cancer
treatment—spanning chemotherapy, hormonal therapy,
immunotherapy, and radiotherapy—challenges such as
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adverse side effects, drug resistance, and recurrence
continue to hinder clinical outcomes . These limitations
have spurred increased interest in identifying effective
plant-based therapeutics that could serve as primary or
adjunctive treatment options. Phytochemical studies of
K. parviflora rhizomes have revealed the presence of
valuable secondary metabolites, particularly
polymethoxyflavones = (PMFs) such as 5, 7-
dimethoxyflavone and 5, 7, 4'-trimethoxyflavone, as
well as the widely studied flavonoid kaempferol>. These
compounds have demonstrated notable biological
activities, including cytotoxic effects on cancer cells,
along with antibacterial, anti-inflammatory, and
antioxidant properties. The antioxidant activity of these
metabolites is particularly significant, as oxidative
stress is a major contributor to carcinogenesis and
tumor progression. Oxidative stress arises from an
imbalance between the generation of reactive oxygen
species (ROS) and the body's antioxidant defense
mechanisms, leading to cellular damage through lipid
peroxidation, DNA mutations, and disruption of
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intracellular signaling pathways? 67. Analytical
techniques such as phytochemical screening and thin
layer chromatography (TLC) are essential tools in the
identification, profiling, and standardization of bioactive
compounds in medicinal plants. These methodologies
not only facilitate the understanding of the chemical
composition of plant extracts but also lay the
groundwork for pharmacological exploration. Recent
investigations have highlighted the cytotoxic potential
of K. parviflora extracts against various cancer cell lines
8 9 The present study aims to evaluate the
phytochemical constituents and antioxidant potential of
Kaempferia parviflora rhizome extract, with a particular
emphasis on its potential role in breast cancer
treatment. The investigation includes qualitative
phytochemical screening and TLC fingerprinting. By
integrating phytochemical profiling with antioxidant
assessment, this research contributes to the
advancement of phytopharmaceutical development,
highlighting K. parviflora as a promising natural
candidate for supportive therapy in oxidative stress-
related conditions, particularly breast cancer.

2. MATERIAL AND METHODS

2.1 Collection, Authentication and preparation of
Plant Material

Fresh Kaempferia parviflora rhizomes were collected
from a certified herbal farm and were -carefully
identified and authenticated. The taxonomic identity of
the samples was confirmed by Mr. Vinay Ranjan,
Scientist-E and Head of Office, Botanical Survey of India,
Central Regional Centre, Allahabad. The authentication
was further verified by a taxonomist from the Ministry
of Environment, Forests, and Climate Change,

———
Obtained

Rhizome

Kaempferia =
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Government of India. A voucher specimen (Reference
No. SIP/2024-2025/534) was prepared and deposited
for future referencel®. The rhizomes were thoroughly
washed with distilled water to remove any adhering soil
or debris, sliced into thin sections, and shade-dried at
ambient room temperature (25 * 2 °C) for 7-10 days’.

2.2. Preparation of hydroalcoholic Extract of
Kaempferia parviflora Rhizome

The shade-dried rhizome slices were pulverized into a
fine powder using a mechanical grinder and stored in
airtight containers to prevent moisture absorption.
Approximately 100 g of the powdered material was
placed in a cellulose thimble and subjected to Soxhlet
extraction using the mixture of 50% ethanol 50% water
as the solvent. This solvent system was selected due to
its proven efficiency in extracting a broad spectrum of
phytochemicals, particularly polar and moderately non-
polar compounds such as flavonoids, phenolics and
terpenoids!l, The thimble containing the rhizome
powder was positioned in the main chamber of the
Soxhlet apparatus and attached to a round-bottom flask
containing solvent. A reflux condenser was mounted
above the extractor, allowing continuous condensation
of the solvent. The system was maintained on a heating
mantle, and the extraction process was carried out for
6-8 hours at approximately 80-85°C, until the siphoning
solvent became colorless, indicating exhaustive
extraction. The extract was then filtered and
concentrated under reduced pressure using a rotary
evaporator to remove residual solvent shown in Figure
1. The concentrated extract was further dried in a
vacuum desiccator to yield a solid mass. The crude
hydroalcoholic extract was stored in an amber-colored
container at 4°C until further use 12.

Sliced
rhizome

Soxhlet extraction

Plant collection parviflora Rhizome 12y
Rotary
evaporation
Storage
-——
Plant Extract

Figure 1. Extraction process of Kaempferia parviflora rhizome extract.
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2.3 Preliminary Phytochemical Screening

The hydroalcoholic extract of Kaempferia parviflora
rhizome was subjected to preliminary phytochemical
screening to identify the presence of major classes of
bioactive compounds. Standard qualitative methods
were employed as described in authoritative
pharmacognostic and botanical literature 13-19. These
tests were designed to detect various phytochemical
groups, including alkaloids, flavonoids, phenolics,
terpenoids, saponins, tannins, and glycosides.

2.4 Thin Layer Chromatography (TLC) Profiling of
Kaempferia parviflora Extract

2.4.1 Preparation of TLC Plate

Thin layer chromatography (TLC) was employed to
generate a phytochemical fingerprint of the
hydroalcoholic extract. Pre-coated silica gel 60 TLC
plates (Merck) served as the stationary phase. A small
volume (1-2 pL) of the extract was applied to the plate
using a fine glass capillary, ensuring that the spot was
placed approximately 1 cm above the lower edge of the
plate. Care was taken to maintain uniformity in spot size
and spacing across all samples to ensure reproducibility
and consistent migration 20,21

2.4.2 Solvent Systems

To achieve effective separation of various
phytoconstituents, four solvent systems with differing
polarities were selected: (1) toluene:ethyl acetate (2:8,
v/v), (2) toluene:ethyl acetate (3:7, v/v), (3)
toluene:ethyl acetate (7:3, v/v), and (4) methanol:ethyl
acetate (2:8, v/v). These systems were specifically
chosen to facilitate the separation of compounds such as
flavonoids, phenolic acids, terpenoids, and glycosides
based on their polarity.

2.4.3 Development of TLC Plates

Each mobile phase was freshly prepared using
analytical-grade solvents. The prepared TLC plates were
placed in glass developing chambers pre-saturated with
the respective solvent systems. The development was
allowed to proceed until the solvent front reached
approximately 8 c¢cm from the point of origin. After
development, the plates were removed and air-dried at
room temperature. Visualization of the separated spots
was conducted under UV light at wavelengths of 254 nm
and 365 nm. To further aid in compound detection,
some plates were treated with vanillin-sulfuric acid
reagent and gently heated at 110°C, which produced
characteristic color reactions indicative of specific
classes of phytochemicals 22. The retention factor (Rf)
for each observed spot was calculated using the
formula:

Rf = (Distance traveled by the compound) / (Distance
traveled by the solvent front)

3. RESULTS
3.1Phytochemical Screening
The preliminary phytochemical analysis of the

hydroalcoholicextract of Kaempferia parviflora rhizome
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revealed the presence of a diverse range of bioactive
compounds. The screening confirmed the presence of
alkaloids, flavonoids, tannins, phenolics, terpenoids,
saponins, steroids, glycosides, and volatile oils shown in
Table 1. These phytochemical classes are widely
recognized for their therapeutic significance,
contributing to various biological activities including
antioxidant,  anti-inflammatory, anticancer, and
antimicrobial effects. The detection of multiple classes
of secondary metabolites aligns with the
ethnopharmacological use of K. parviflora in traditional
medicine and underscores its potential as a candidate
for  pharmacological and  phytopharmaceutical
development.

Table 1: Phytochemical constituents identified in
Kaempferia parviflorahydroalcoholic extract.

S. Phytochemical | Test Method Result

No. Class

1 Alkaloids Dragendorff’s +ve
Wagner’s Test +ve

2 Flavonoids Shinoda Test +ve

3 Tannins Ferric Chloride +ve
Test

5 Saponins Foam Test +ve

6 Phenolics Ferric Chloride +ve
Test

7 Glycosides Keller-Killiani +ve
Test

8 Terpenoids Salkowski Test +ve

9 Solublity Test Volatile oil +ve

3.2 Thin Layer Chromatography (TLC) Profiling

Thin Layer Chromatography (TLC) analysis of the
hydroalcoholicextract of Kaempferia parviflora was
carried out using four solvent systems of varying
polarity to profile the phytochemical constituents. The
TLC plates revealed multiple well-resolved bands under
UV light (254 nm and 365 nm), indicating the presence
of a wide array of phytochemicals. Visual detection after
derivatization with vanillin-sulfuric acid also confirmed
the occurrence of distinct compound classes such as
flavonoids, phenolics, terpenoids, and glycosides?3.

3.2.1 Solvent System 1: Toluene: Ethyl Acetate (2:8)
- Moderate Polarity

This polarity solvent system exhibited excellent
resolving capacity with sharp, well-separated bands.
Under 365 nm UV light, several bright fluorescent spots
were observed, suggestive of the presence of flavonoids
and terpenoids. A total of 12 spots with distinct Rf
values ranging from 0.09 to 0.95 were recorded (Figure
2 and Table 2), indicating a diverse composition of
moderately polar compounds. Refer: Plate 1
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Table 2: Rf values of phytoconstituent spots observed on TLC Plate 1 using Toluene: Ethyl Acetate (2:8, v/v)

solvent system.
Spot No. Distance Traveled by Compound (cm) Rf Value
1 0.7 0.09
2 1.5 0.19
3 2.4 0.30
4 31 0.39
5 3.8 0.48
6 4.6 0.58
7 5.2 0.65
8 5.8 0.73
9 6.3 0.79
10 6.8 0.85
11 7.3 0.91
12 7.6 0.95

PLATE 2

Figure 2: Thin Layer Chromatography (TLC) profiling of hydroalcoholicextract ofKaempferia parviflorarhizome
using various solvent systems under UV light (365 nm).Plate 1: Toluene: Ethyl Acetate (2:8, v/v) - Moderate polarity
system showing multiple bright fluorescent bands indicating a diverse range of polar phytochemicals.Plate 2: Toluene:
Ethyl Acetate (3:7, v/v) - Medium polarity system exhibiting strong resolution of mid-polar compounds with numerous
distinct spots.Plate 3: Toluene: Ethyl Acetate (7:3, v/v) - Low polarity system resulting in fewer migrated polar
compounds, with several spots clustered near the baseline.Plate 4: Methanol: Ethyl Acetate (2:8, v/v) - Highly polar
system showing intense upper fluorescent bands, suggesting efficient separation of flavonoids, phenolics, and

glycosides.

3.2.2 Solvent System 2: Toluene: Ethyl Acetate (3:7)
- Medium Polarity

A slightly less polar mixture showed good migration of
both mid-polar and some non-polar compounds. The
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resolution remained high, with 13 observable
fluorescent spots (Rf values: 0.13-0.97), reflecting a
broad phytochemical spectrum including potential
phenolics and sterols (Table 3). Refer: Plate 2
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Table 3: Rf values of phytochemical constituents
observed on TLC Plate 2 developed using Toluene:
Ethyl Acetate (3:7, v/v) under UV light (365 nm).

Journal of Drug Delivery & Therapeutics. 2025; 15(6):79-84

Table 5: Rf values of phytochemical constituents
observed on TLC Plate 4 developed using Methanol:
Ethyl Acetate (2:8, v/v) under UV light (365 nm).

Spot Distance Traveled by Rf Value Spot Distance Traveled by Rf Value
No. Compound (cm) No. Compound (cm)

1 1.0 0.13 1 0.6 0.08
2 1.8 0.23 2 1.2 0.15
3 2.4 0.30 3 1.9 0.24
4 3.0 0.38 4 2.5 0.31
5 3.5 0.44 5 3.1 0.39
6 4.0 0.50 6 3.8 0.48
7 4.5 0.56 7 4.5 0.56
8 5.0 0.63 8 5.2 0.65
9 5.5 0.69 9 6.0 0.75
10 6.1 0.76 10 6.5 0.81
11 7.0 0.87 11 7.3 091
12 7.6 0.95

13 78 0.97 4. DISCUSSION

3.2.3 Solvent System 3: Toluene: Ethyl Acetate (7:3)
- Low Polarity

This relatively non-polar system displayed limited
separation of polar compounds, as most spots appeared
near the baseline. Thirteen spots with Rf values ranging
from 0.11 to 096 were recorded, suggesting
predominant retention of polar phytoconstituents
(Table 4). Refer: Plate 3

Table 4: Rf values of phytochemical constituents
observed on TLC Plate 3 developed using Toluene:
Ethyl Acetate (7:3, v/v) under UV light (365 nm).

Spot Distance Traveled by Rf Value
No. Compound (cm)

1 0.9 cm 0.11
2 1.5 cm 0.19
3 2.2 cm 0.28
4 2.8 cm 0.35
5 3.4 cm 0.43
6 4.0 cm 0.50
7 4.5 cm 0.56
8 5.1 cm 0.64
9 5.6 cm 0.70
10 6.2 cm 0.78
11 6.7 cm 0.84
12 7.2 cm 0.90
13 7.7 cm 0.96

3.2.4 Solvent System 4: Methanol: Ethyl Acetate
(2:8) - High Polarity (Hydrophilic Focus)

This polar system demonstrated efficient separation of
hydrophilic compounds, with bright fluorescent spots
suggestive of phenolic, flavonoids, and glycosides.
Eleven distinct spots with Rf values from 0.08 to 0.91
were observed (Table 5), reflecting strong resolving
power for polar phytochemicals. Refer: Plate 4
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The present study provides substantial evidence
supporting the rich phytochemical constitution and
therapeutic potential of the hydroalcoholicextract of
Kaempferia parviflora rhizome. The preliminary
phytochemical screening revealed the presence of
multiple classes of secondary metabolites, including
flavonoids, alkaloids, tannins, terpenoids, phenolics,
saponins, steroids, and glycosides. These findings are
consistent with the documented ethnomedicinal use of
K. parviflora across Southeast Asia and highlight its
relevance in contemporary phytotherapeutic
applications 23. Among the identified constituents,
flavonoids and phenolic compounds were particularly
prominent. The Shinoda test confirmed the abundance
of flavonoids, while the ferric chloride test indicated
significant levels of phenolics and tannins. These
compound classes are well-established for their
antioxidant properties, which are primarily mediated
through free radical scavenging and the attenuation of
oxidative stress. Given the critical role of reactive
oxygen species (ROS) in the initiation and progression
of carcinogenesis, particularly in hormone-dependent
malignancies such as breast cancer, the presence of such
compounds suggests a potential chemo preventive role
for K. parviflora'®.TLC analysis further substantiated the
chemical complexity of the extract. Multiple solvent
systems were employed to maximize the resolution of
phytoconstituents with varying polarities. The Toluene:
Ethyl Acetate (2:8, v/v) and Methanol: Ethyl Acetate
(2:8, v/v) systems demonstrated the most effective
separation of polar and mid-polar compounds, as
evidenced by the appearance of distinct fluorescent
bands under UV light (365 nm). The observed Rf values
align closely with previously reported profiles of
methoxylated flavonoids in K. parviflora, suggesting that
such compounds may be among the major constituents
responsible for its pharmacological activity 16. The
detection of alkaloids and terpenoids further
strengthens the therapeutic profile of the extract.
Alkaloids are known to exhibit cytotoxic properties
through mechanisms such as microtubule disruption
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and inhibition of DNA synthesis, while terpenoids have
been reported to exert anti-proliferative, pro-apoptotic,
and antiangiogenic effects 8 11, Collectively, the
integration of phytochemical screening and TLC
profiling in this study establishes a robust foundation
for subsequent investigations.

5. CONCLUSION

The hydroalcoholic extract of Kaempferia parviflora
rhizome demonstrated a broad spectrum of bioactive
phytochemicals through both qualitative screening and
TLC analysis. The presence of multiple secondary
metabolites, particularly flavonoids, phenolics, and
terpenoids, known for their pharmacological activities,
highlights the therapeutic promise of this medicinal
plant. The successful TLC profiling using various solvent
systems provided a comprehensive fingerprint of the
phytoconstituents, indicating significant chemical
diversity and solvent-dependent mobility. These
findings validate the traditional medicinal use of K
parviflora and support its continued investigation as a
source of natural compounds for the development of
anticancer agents. Further bioassay-guided
fractionation and mechanistic studies are warranted to
isolate specific constituents responsible for its
anticancer activity.
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