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Introduction
Since time immemorial, human beings have used plants 
not only as a source of food but also as a remedy for curing 
and wellness purposes. The medicinal properties shown 
by plants are attributed to the organic and inorganic 
compositions present in them[1,2] Multiple studies have also 
confirmed that the presence of certain elements in plants 
is likely to be responsible for their curative properties.[3] 

These elements, known as trace elements, play a chief 
role in maintaining normal metabolism and health in the 
human body but also show toxic properties. While toxic 
elements like Pb, Cd, Al, Hg, and Cr causes health risk in 
the human body, elements like K, Na, Ca, Mg, Fe, Mn, and Zn 
contribute a positive effect in maintaining and regulating 
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Alpinia galanga and Clerodendrum colebrookianum belonging to the Zingiberaceae and Verbenaceae family, 
respectively is known to have many physiological properties like anti-bacterial, anti-oxidant, anti-tumor, 
etc. Both the plant samples possess many admirable curative properties as traditional medicine for the 
treatment of various diseases and disorders. The aim of this work is to identify the phytochemical and 
elemental components of both plant extracts which will support the therapeutic and traditional use of 
both plant samples. The presence or absence of micro- and macro-elements in the extracts was determined 
using atomic absorption spectrometry (AAS). Phytochemical analysis of the acetone and ethanol extract 
of both the plant samples also showed the presence of some necessary phytochemicals. Two in-vitro 
techniques (2,2-diphenylpicrylhydrazyl (DPPH) and ferric reducing antioxidant capacity (FRAP) assay 
where the absorbance was measured at 517 and 700 nm, respectively) were used to assess antioxidant 
activity, and ascorbic acid and trolox were used as the reference standard. For the DPPH assay, the highest 
activity (IC50 = 54.82 μg/mL) was shown by the acetone extract of C. colebrookianum, and the lowest (IC50 
= 67.41 μg/mL) was shown by the acetone extract of A. galanga. The anti-microbial studies also revealed 
that the best activity was shown by the acetone extract of C. colebrookianum leaves against Escherichia 
coli i.e., 12 mm with minimal inhibitory concentration (MIC) value of 0.117 mg/mL.
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A B S T R A C TA R T I C L E  I N F O

the human’s body normal functioning.[4,5] Therefore, a 
proper estimation of regulating the concentration of trace 
elements in medicinal plant consumption is a necessity 
for the well-being of the consumers and also for quality 
control.[6]

The organic compound, on the other hand, is the major 
constituent that contributes to the therapeutic property 
of these medicinal plants.[6,7] This includes the plant 
fragments like its essential oil and bioactive compounds 
like glycosides, alkaloids, vitamins, phenolic compounds, 
etc.[8] where more than 10,000 such types of compounds 
have been isolated and characterized.[9] These compounds 
are the basis for the pharmacological effect of such 
medicinal plants, contributing to properties like anti-
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microbial, anti-inflammatory, antioxidant, etc.[10] In a 
study, it has been reported that the essential oil also 
contributes to the anti-microbial activity which is due to 
the composition of 1,8- cineole, 1-acetoxychavicol acetate, 
etc., in such kinds of plants.[11] In the same context, World 
Health Organization (WHO) also stated the importance 
of medicinal plants in achieving extensive routes in 
discovering potent drugs that possess such anti-microbial 
properties.[12] For instance, the roots of G. tapis and G. 
giganteus are used to induce abortion in the first few 
months of pregnancy, whereas decoctions of G. scortechinii 
and G. macrophyllus are used as a postpartum preventive 
medicine. To cure scabies, use G. amuyon. Acetogenins, 
styryl lactones, and alkaloids with considerable cytotoxic, 
insecticidal, and antibacterial properties have been 
isolated by phytochemical studies of Goniothalamus spp.[13] 

Antioxidants have a key role in lowering oxidative stress, 
which can harm biological molecules.[14] High doses of 
synthetic antioxidants that have been used to prevent 
oxidation, such as butylated hydroxyl anisole (BHA), 
propyl gallate (PG), and butylated hydroxyl toluene 
(BHT), have been reported to cause internal and external 
bleeding in rats and guinea pigs.[15] Due to their native 
origin and potent ability to trap or scavenge free radicals, 
natural antioxidants such as bioactive flavonoids are of 
tremendous value and are now the focus of attention. Tea 
(black and green) is one such example, as it is consumed 
regularly over the world and is a significant source of 
polyphenolic chemicals.[15,16]

Alpinia galanga, an Alpinia genus of the Zingiberaceae 
family, which is also commonly known as greater galanga [17] 

has been and is still being used as a natural remedy for 
curing and treating a variety of diseases.[18] Reports on 
the cure and treatment of diseases like heart burns, renal 
calculus, bronchitis, diabetes mellitus, etc. by A. galanga 
have been given by many workers.[19,20] It is not only used 
as a spice but also it is widely practiced as a local medicine 
all over the world thus, this very plant has been proving 
itself to be an important remedy since time immemorial.[21] 
In Nagaland, A. galanga is being used as a remedy to cure 
and treat certain diseases like rheumatism, respiratory 
complaints, stomach complaints, etc. It is also used as 
an antiseptic or as a stimulant/tonic.[22] But very little 
is known about its scientific knowledge on its medicinal 
property, which needs to be studied extensively. 

Clerodendrum colebrookianum has shown to possess 
admirable curative properties as a traditional medicine 
for the treatment of various diseases and disorders. In 
Nagaland, the plant is mainly used for the treatment of 
blood pressure. It is also used as a remedy for malaria, 
and heart troubles and also as an appetizer.[22] The 
plant sample has also been reported for its therapeutic 
and pharmacological uses such as hypolipidemic,[23] 

antioxidant,[24] anti-inf lammatory,[25] analgesic,[26]

antibacterial[27] etc.  

By screening for their phytochemicals and the essential 
trace elements that are present in them and also studying 
their in-vitro bioactivity, this work has been undertaken 
to validate further information on the selected medicinal 
plants that are found in Nagaland. It may also be possible 
to quantify some of the phytochemicals and trace elements, 
which may help us in further understanding the chemical 
constituent of the selected plant samples as it will give us a 
better insight into the phytochemicals and trace elements 
and possibly use as a potent drug.

Materials and Method

Chemicals and Reagents
All the chemicals and reagents used in this study were 
obtained from HiMedia, SDFCL and Merck and were used 
without further purification.

Collection and Preparation of Plant Material for 
Extraction
The rhizome of A. galanga and leaves of C. colebrookianum 
were collected from the local area of Zunheboto district, 
Nagaland, India. The collected samples were washed 
thoroughly in running water then with distilled water and 
oven dried at 40°C for 72 hours or until a constant desired 
weight is achieved. About 20 gms of both the dried samples 
were individually extracted at soxhlet apparatus using  
500 mL of acetone and ethanol and the collected filtrate 
was centrifuged at 5000 rpm for 20–30 minutes. The 
collected filtrate was then evaporated to obtain the crude 
product of the samples using a rotary vacuum evaporator 
and was stored in an airtight container for further use.

Phytochemical Profiling for Both the Plant Samples
The preliminary screening of phytochemical content for 
both the plant samples was demonstrated through known 
procedures as reported by Harborne and Trease et al.[28,29]

Estimation of Minerals and Trace Elements
Inductive coupled plasma optical emission spectroscopy 
(ICP-OES) was used for the determination of elements 
in both the plant samples. For this study, oven-dried 
samples were used which were digested using a mixture 
of concentrated HNO3:HCl (3:1) and the analysis was 
performed as described by Jasha Momo H. Anal et al.[30]

Antibacterial Activity Assay
For the in-vitro antibacterial studies, the disc diffusion 
method[31] was employed where the activity of the 
samples was determined by measuring the ring of the 
inhibited zone (mm). The study was evaluated against two 
strains of gram-positive bacteria i.e., Bacillus subtilis and 
Staphylococcus aureus, and two gram-negative bacteria 
i.e., Escherichia coli and Klebsiella pneumonia. To further 
quantify the sample’s antibacterial potency, minimal 
inhibitory concentration (MIC) was determined by means 
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of a two-fold serial broth dilution method.[32] All the 
samples including the reference standard, streptomycin 
were prepared in a concentration of 10 mg/mL DMSO and 
the test was performed in triplicates.

Antioxidant Capacity Estimation
The antioxidant capacity of both the plant samples was 
ascertained by 2,2-diphenylpicrylhydrazyl (DPPH) and 
ferric reducing antioxidant capacity (FRAP) assay[33,34] 
and compared with the antioxidant potency of reference 
standards ascorbic acid and trolox. DPPH radical 
scavenging capacity for the plant samples was determined 
by measuring the absorbance of different concentrations 
of the samples at 517 nm and then calculating their IC50 
value. As for the FRAP assay, antioxidant capacity was 
determined by measuring the reducing power of the 
sample optical density (OD) of 700 nm. It was expressed 
as an increase in A700 after the subtraction of the blank 
solution where A700 is defined as the absorbance that is 
recorded at OD 700 nm against the blank solution. 

Results

Phytochemical Profiling
The phytochemical profiling from both the plant samples 
extracts revealed the presence of alkaloids, carbohydrates, 
flavonoids, protein, phenol, and tannin (Table 1). On the 
other hand, amino acids were not present in both extracts 
of the plant samples. Also, carbohydrates were absent in 
both the acts of A. galanga rhizome (Table 1). 
The presence of such phytochemicals in both plant samples 
is capable of pharmacological properties. This study 
supports the therapeutic properties and traditional use of 
both samples for various treatments and curing purposes. 

Estimation of Minerals and Trace Elements
The relative concentration of minerals and trace elements 
of both samples were determined through inductive 
coupled plasma optical emission spectroscopy and a 

total of 13 elements were analyzed for this study. The 
analytical data for elemental and mineral determination 
are shown in Table 2. From the analytical studies, it was 
revealed that the concentrations of the elements were 
either in acceptable concentration or below the acceptable 
range except Cd for C. colebrookianum, which was not 
detected. Pd and Al for C. colebrookianum showed the least 
concentration i.e., -0.010 ± 0.003 and -0.129 ± 0.003.

Antioxidant Capacity Estimation
The antioxidant activity of both the plant sample extract was 
evaluated using the DPPH and FRAP assay. The antioxidant 
activity of both the plant extracts and the standards by 
DPPH assay are shown in Tables 3 and 4. The IC50 value for 
the plant samples extract was obtained through a linear 
regression equation by plotting a graph of concentration 
against the percentage of radical scavenging activity. 
For the DPPH assay, the highest activity (54.82 μg/mL) 
was shown by the acetone extract of C. colebrookianum 
and the lowest (67.41 μg/mL) was shown by the acetone 
extract of A. galanga. It was also observed that both the 
selected plant samples showed better antioxidant activity 
than the standard Trolox. 
Fig. 1 illustrates the FRAP activity of both the plant sample 
extracts compared to the standards, ascorbic acid, and 
trolox, where the antioxidant power was determined 
as the greater the value of absorbance as shown by the 
sample, the greater is its antioxidant potency. Both the 
plant samples showed better antioxidant potency than 
the standard trolox. Of the two plant samples, A. galanga 
showed better antioxidant activity than C. colebrookianum.

Table 1: Phytochemical screening of both the solvent extracts of A. 
galanga rhizome and C. colebrookianum leaves

Test Ag(A) Ag (E) Cc(A) Cc(E)

Alkaloid + + - +

Amino acids - - - -

Carbohydrates - - + +

Flavonoids + + + +

Protein + + + +

Phenol - + - -

Tannin + + + +

N.B.: + = present and – = absent; Ag (A) = Acetone extract of A. 
galanga rhizome; Ag (E) = Ethanol extract of A. galanga rhizome; Cc 
(A) = Acetone extract of C. colebrookianum leaves; Cc (E) = Ethanol 
extracts of C. colebrookianum leaves. 

Table 2: Mean concentrations of elements present in the oven-
dried rhizome of Alpinia galanga and leaves Clerodendrum 

colebrookianum

S. No. Elements
Concentration (in ppm)

A. galanga C. colebrookianum

1. Cu 0.098 ± 0.002 0.300 ± 0.009

2. Cr 0.319 ± 0.056 0.021 ± 0.701

3. Ca 0.029 ± 0.006 0.183 ± 0.054

4. Mn 0.352 ± 0.098 2.708 ± 0.043

5. Mg 5.628 ± 0.162 2.435 ± 0.014

6. Fe 16.08 ± 0.721 1.523 ± 0.034

7. Zn 0.554 ± 0.068 0.296 ± 0.003

8. Ni 0.012 ± 0.005 0.152 ± 0.019

9. Co 0.104 ± 0.042 0.003 ± 0.011

10. Cd 0.001 ± 0.024 ND

11. Pb 0.020 ± 0.003 -0.010 ± 0.003

12. Na 0.895 ± 0.023 0.438 ± 0.01

13. Al 5.053 ± 0.005 -0.129 ± 0.003
All concentrations in ppm (parts per million); ND- Not Detectable
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Antibacterial Activity Assay
The antibacterial activity of the plant sample extracts 
determined through the disc diffusion method and 
MIC are as shown in Tables 5 and 6, respectively. These 
properties of the plant extracts were assessed against 
two strains of gram-positive bacteria i.e., Bacillus subtilis 
and S. aureus, and two gram-negative bacteria i.e., E. 
coli and K. pneumonia. The study revealed that almost 
all the extracts showed a potential effect in suppressing 
the bacterial growth with a concentration of 10 mg/mL 
 DMSO except for Cc (A) and Cc (E), which showed no 
inhibition against Bacillus subtilis and E. coli, respectively. 

The highest activity was recorded for Cc (A) against 
E. coli whereas, other plant extracts showed variable 
antimicrobial activity. Since the antibacterial study gave 
almost positive results, MIC against all the bacterial strains 
was also conducted and the results are recorded in Table 6. 

Discussion
The presence of phytochemicals in plants is proven 
to possess therapeutic properties like antimicrobial, 
antioxidant, anti-inflammatory, etc. Alkaloids are an 
important class of phytochemicals that shows potency 
towards physiological activity like anti-inflammatory, 
analgesic, antimicrobial, and antispasmodic actions.[35] 
Steroidal alkaloids are also reported to exhibit medicinal 
properties due to their biological activities like cardiotonic, 
insecticidal, and antibacterial activities.[36] Flavonoids, on 
the other hand, have gained a lot of attention over the years 
as they have shown to be beneficial to health attributing 
to their pharmacological actions as anti-inflammatory, 
antimicrobial, antioxidant, and anti-tumor which are 
all allied with radical scavenging properties. Flavonoids 
have also been demonstrated to possess anti-diabetic 
and hypoglycemic effects.[37] Although no therapeutic 
properties have been reported for carbohydrates, they 
have been exploited for producing polysaccharide 
immunomodulators with curative implications and 
are also considered to be possibly responsible for the 
therapeutic effect of other important components.[38] 
Phenols and tannins are considered good sources of 
antioxidants because of their free radical-scavenging 
ability. The hydroxyl group present in such compounds is 
capable to react with active oxygen radicals and is thus, 
responsible for the therapeutic property of plants.[39] 
Minerals and trace elements present in plants have also 
been proven to be an essential source of nutritional 
benefits and also serve as an important component in 
different cellular processes.[40] These essential and heavy 
elements greatly influence numerous functions in our 
body depending on their concentrations. For example, 
elements like K plays a vital role in many basic cellular 
enzymatic reactions like the transfer of phosphate 
ATP to pyruvic acid; Ca plays a role in the activation of 
enzymes, regulations of muscle functions and nerve and 

Table 3: DPPH radical scavenging activity, IC50 values of acetone and ethanol extracts of Alpinia galanga rhizome and C. colebrookianum 
leaves.

Concentration
(μg/mL)

Alpinia galanga Clerodendrum colebrookianum

Acetone Extract Ethanol Extract Acetone Extract Ethanol Extract

%Inhibition IC50 μg/mL %Inhibition IC50 μg/mL %Inhibition IC50 μg/mL %Inhibition IC50 μg/mL

20 22 ± 0.32

67.41

28 ± 0.55

64.05

35 ± 0.66

54.82

34 ± 0.13

60.46

40 37 ± 0.24 39 ± 0.87 41 ± 0.56 40 ± 0.97

60 48 ± 0.53 48 ± 0.33 56 ± 0.38 51 ± 0.93

80 56 ± 0.31 59 ± 0.68 67 ± 0.38 62 ± 0.42

100 65 ± 0.67 69 ± 0.57 78 ± 0.45 70 ± 0.49
N.B.: Values are presented as ± S.E. (n=3)

Table 4: DPPH radical scavenging activity, IC50 values of the 
standards trolox and ascorbic acid.

Concentration
(μg/mL)

Ascorbic acid Trolox

%Inhibition IC50 μg/
mL %Inhibition IC50 μg/

mL

20 29 ± 0.32

48.149

20 ± 0.09

71.72

40 50 ± 0.18 31 ± 0.55

60 62 ± 0.68 40 ± 0.02

80 78 ± 0.42 58 ± 0.29

100 89 ± 0.28 66 ± 0.25
N.B.: Values are presented as ± S.E. (n=3)

Fig. 1: Antioxidant power of the extracts of A. galanga rhizome 
and C. colebrookianum leaves as compared to standard Trolox and 

Ascorbic acid at a concentration of 1-mg/mL. A.A.= Acetone extract 
of A. galanga rhizome; A.E. = Ethanol extract of A. galanga rhizome; 

C.A. = Acetone extract of C. colebrookianum leaves; C.E. = Ethanol 
extract of C. colebrookianum leaves.
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is also one of the main constituents of teeth and bones; 
Na normalizes plasma volume in the human body and 
also acts as the principal cation in extracellular fluids; 
Mg is also a constituent of teeth and bones, and acts as an 
activator for phosphate transferring enzymes; Fe plays 
a key role in the transport of oxygen throughout the 
human body by functioning as hemoglobin. It also helps in 
cellular respiration by acting as an essential constituent 
of enzymes that are involved in biological oxidation; 
Mn plays as a coenzyme of decarboxylase, hydrolase, 
phosphohydrolase, etc. It also takes part as an enzyme in 
the formation of urea.[41]

Understanding the alternatives, constraints, and 
potential improvements in the selection of assays used 
for the in-vitro evaluation of antioxidant and antibacterial 
activities is essential given the significance and sheer 
volume of natural product research. Given the wide 
variety of chemical substances available, evaluating plant 
bioactivity is challenging because no single assay or set of 
assays is definitely the best option.[42]

The ability of plants to act as an antioxidant and to 
scavenge radicals are all associated with their therapeutic 
values. This property of plants to scavenge radicals 
significantly plays an important role in eliminating the 
free radicals before they target and attack the biological 
cells and prevent any further cause of diseases.[43] DPPH 
and FRAP assays are some commonly employed methods 
for determining antioxidant activity where both the assays 
have simple procedures. DPPH radicals are found to be 
stable and very well known that are employed to detect 
the molecule’s antioxidant activity. This radical upon 
accepting an electron from the given molecule changes 
its color from purple to yellow during the course of the 
reaction and gives a strong absorption at 517 nm. FRAP, 
on the other hand, is the ability of the given molecule to 
reduce the ferric tripyridyltriazine complex to a ferrous 
complex by electron donation. The color of the solution 
changes from yellow to dark blue during the process giving 
a strong absorption at 700 nm.[44,45]

The emergence of microbes that are resistant to antibiotics 
has increased the urgency of the hunt for new antibacterial 
substances. Numerous compounds with plant origins, 
including alkaloids, f lavonoids, glycosides, terpenes, 
tannins, and polyphenols, have been found to have 
antibacterial activity. Many have also demonstrated 
synergistic benefits with already-available antibacterial 
medications.[42] In a study, the effectiveness of various 
plant extracts (aqueous and 40% hydroalcoholic) against 
canine oral bacteria was assessed. It was discovered that 
extracts from the leaves of the guava tree, garlic (Allium 
sativum), and “espinheira santa” (Maytenus ilicifolia) 
were effective at killing isolated strains of Streptococcus 
oralis, Streptococcus mitis, and the standard S. aureus 
strain (Psidium guajava). In a similar vein, chamomile was 
discovered to have antibacterial activities against S. aureus. 
This activity is caused by the phenolic chemicals in its 
ethanol extract. The growth of Bacillus cereus, B. subtilis, 
Pseudomonas aeruginosa, and S. aureus was also reported 
to be suppressed by the aqueous extract from the artichoke 
(Cynara scolymus) and the ethanol extracts (80%) from both 
the artichoke and “macela” (Achyrocline satureioides).[46]

From this very study, we may conclude that both the plant 
samples possess almost all of the essential and important 
phytochemicals constituents as well as the necessary 
minerals and elements in appreciable concentration. The 
extracted fractions of both the plant samples also showed 
good biological properties i.e., proved to possess a good 
antioxidant property which might contribute to preventing 
various oxidative stress caused by free radicals; showed 
potential effectiveness as an antibacterial agent against 
B. subtilis, S. aureus, E. coli and K. pneumonia confirming 
its potential use as an alternative natural preservative for 
food or as an antibacterial agent in other pharmaceutical 
fields. The findings from this study thus provide an 
overview of the chemical and elemental concentrations 
and the biological properties of A. galanga rhizome and 
C.colebrookianum leaves with possible use of both the plant 
samples in treating various ailments, in clinical use and 

Table 5: Zone of inhibition against the four bacterial strains shown 
by the two extracts of A. galanga rhizome and C. colebrookianum 

leaves as compared to the standard streptomycin (in mm)

Test Sample
Zone of Inhibition (mm)

Bacillus 
subtilis

Escherichia 
coli

Klebsiella 
pneumonia

Staphylococcus 
aureus

Ag (A) 10 11 11 10

Ag (E) 11 11 10 11

Cc (A) NI 12 >10 >10

Cc (E) >10 NI >10 >10

Streptomycin 23 22 22 22
N.B.: Ag (A) = Acetone extract of A. galanga rhizome; Ag (E) = 
Ethanol extract of A. galanga rhizome; Cc (A) = Acetone extract 
of C. colebrookianum leaves; Cc (E) = Ethanol extract of C. 
colebrookianum leaves; NI = No Inhibition.

Table 6: MIC of the two solvent extracts of A. galanga rhizome and 
C. colebrookianum leaves as compared to the standard streptomycin 

against the four bacterial strains (in mg/mL)

Test Sample
Minimum Inhibitory Concentration (mg/mL) 

Bacillus 
subtilis

Escherichia 
coli

Klebsiella 
pneumonia

Staphylococcus 
aureus

Ag (A) 0.93 1.87 1.87 0.93

Ag (E) 1.87 1.87 3.75 1.87

Cc (A) --- 0.117 3.75 3.75

Cc (E) 3.75 --- 3.75 3.75

Streptomycin 0.0072 0.0072 0.0029 0.0058

N.B.: Ag (A) = Acetone extract of A. galanga rhizome; Ag (E) = 
Ethanol extract of A. galanga rhizome; Cc (A) = Acetone extract 
of C. colebrookianum leaves; Cc (E) = Ethanol extract of C. 
colebrookianum leaves.
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can also be continued using as a conventional crop. The 
plant samples prove to be a potential agent to be employed 
in pharmaceutical, food, and cosmetic industries, hence, 
further analysis and isolations of bioactive compounds 
ought to be done.

Acknowledgement
The authors are grateful to acknowledge the financial 
support given by the Ministry of Tribal Affairs under the 
NFST scheme and to the Department of Chemistry, Naga-
land University, Lumami, India for the necessary facilities. 

Reference
1.	 Ray DK, Nayak PK, Rautray TR, Vijayan V, Jena S. Elemental 

analysis of anti-diabetic medicinal plants using energy dispersive 
X-ray fluorescence technique. Indian Journal of Physics. 2004; 
78B(1):103-105.

2.	 Dahanukar SA, Kulkarni RA, Rege NN. Pharmacology of medicinal 
plants and natural products. Indian Journal of Pharmacology. 2000; 
32:S81-S118.

3.	 Mohanta B, Chakraborty A, Sudarshan M, Dutta RK, Baruah M. 
Elemental profile in some common medicinal plants of India. 
Its correlation with traditional therapeutic usage. Journal of 
Radioanalytical and Nuclear Chemistry. 2003; 258:175-179.

4.	 Li F, Wang X, Wang F, Wen D, Wu Z, Du Y, Du R, Robinson BH, Zhao 
P. A risk-based approach for the safety analysis of eight trace 
elements in Chinese flowering cabbage (Brassica parachinensis 
L.) in China. Journal of the science of food and agriculture. 2021; 
101(13):5583-5590.

5.	 Lozak A, Soltyk K, Ostapczuk P, Fijalek Z. Determination of selected 
trace elements in herbs and their infusions. Science of the Total 
Environment. 2002; 289(1-3):33-40.

6.	 Raju GJN, Sarita P, Murty GAVR, Kumar MR, Reddy BS, Charles MJ, 
Lakshminarayana S, Reddy TS, Reddy SB, Vijayan V. Estimation of 
trace elements in some anti-diabetic medicinal plants using PIXE 
technique. Applied Radiation and Isotopes. 2006; 64(8):893-900.

7.	 Ray DK, Nayak PK, Panda SR, Rautray TR, Vijayan V, Christopher 
CC, Jena S. Particle Induced X-Ray Emission Studies Of anti-diabetic 
Medicinal Plants. International Journal of PIXE. 2006; 16:47-54.

8.	 Sharma RK, Agrawal M, Marshall FM. Heavy metals in vegetables 
collected from production and market sites of a tropical urban 
area of India. Food and Chemical Toxicology. 2009; 47(3):583-591.

9.	 Lai P, Roy J. Antimicrobial and Chemopreventive Properties of Herbs 
and Spices. Current medicinal chemistry. 2012; 11(11):1451-1460. 

10.	Kaushik D. Current pharmacological and phytochemical studies of 
the plant Alpinia galanga. Journal of Chinese Integrative Medicine. 
2011; 9(10):1061-1065.

11.	Jeambey Z, Johns T, Talhouk S, Batal M. Perceived health and 
medicinal properties of six species of wild edible plants in north-
east Lebanon. Public health Nutrition. 2009; 12(10):1902-1911.

12.	Auddy B, M Ferreira, Blasina F, Lafon L, Arredondo F, Dajas F, Tripathi 
PC, Seal T, Mukherjee B. Screening of antioxidant activity of three 
Indian medicinal plants, traditionally used for the management of 
neurodegenerative diseases. Journal of Ethnopharmacology. 2003; 
84(2-3):131-138.

13.	Ahmad FB, Mohd Sallehuddin NKN, Assim Z. Chemical constituents 
and antiviral study of Goniothalamus velutinus. Malaysian Journal of 
Fundamental and Applied Sciences. 2014; 6(1):72-75.

14.	Farhat MB, Landoulsi A, Chaouch-Hamada R, Sotomayor JA, Jordán 
MJ. Characterization and quantification of phenolic compounds 
and antioxidant properties of Salvia species growing in different 
habitats. Industrial Crops and Products. 2013; 49:904-914.

15.	Borneo R, León AE, Aguirre A, Ribotta P, Cantero JJ. Antioxidant 
capacity of medicinal plants from the Province of Córdoba 

(Argentina) and their In-vitro testing in a model food system. Food 
Chemistry. 2009; 112:664-670.

16.	Katalinic V, Milos M, T Kulisic, Jukic M. Screening of 70 medicinal 
plant extracts for antioxidant capacity and total phenols. Food 
Chemistry. 2006; 94:550-557.

17.	Jirovetz L, Buchbauer G, Shafi MP, Leela NK. Analysis of the essential 
oils of the leaves, stems, rhizomes and roots of the medicinal plant 
Alpinia galanga from southern India. Acta Pharmaceutica. 2003; 
53:73-81.

18.	Oonmetta-aree J, Suzuki T, Gasaluck P, Eumkeb G. Antimicrobial 
properties and action of galangal (Alpinia galanga Linn.) on 
Staphylococcus aureus. LWT - Food Science and Technology. 2006; 
39(10):1214-1220.

19.	Latha C, Shriram VD, Jahagirdar SS, Dhakephalkar PK, Rojatkar 
SR. Antiplasmid activity of 1′-acetoxychavicol acetate from 
Alpinia galanga against multi-drug resistant bacteria. Journal of 
Ethnopharmaology. 2009; 123(3):522-525.

20.	Indrayah AK, Agrawal P, Rathi AK, Shatru A, Agrawal NK, Tyagi 
DK. Nutritive value of some indigenous plant rhizomes resembling 
Ginger. Natural Product Radiance. 2009; 8(5): 507-513.

21.	Chudiwal AK, Jain DP, Somani RS. Alpinia galanga Willd.-An overview 
on phyto-pharmacological properties, 2010.

22.	Ajiugla L, Rongsensashi, Mozhui R, Changkija S. Medicinal and 
aromatic flora of Nagaland. Medicinal Plants Development Agency, 
Department of Forest, Ecology, Environment, and Wildlife, 2010.

23.	Boruah DC, Devi R, Tamuli S, Kotoky J, Sharma DK. Hypolipidemic 
activity of crude polyphenols from the leaves of Clerodendrum 
glandulosum Walp in cholesterol fed rats. Journal of Food Science 
and Technology. 2014; 51:3333–3340.

24.	Shendge AK, Basu T, Chaudhuri D, Panja S, Mandal N. In-vitro 
antioxidant and antiproliferative activities of various solvent 
fractions from Clerodendrum viscosum leaves. Pharmacognosy 
Magazine. 2017; 13(2):344-353.

25.	Alam S, Borgohain R, Chowdhury G, Chutia P, Nizam AS, U Siddik. 
Biological and pharmacological properties of Clerodendrum 
glandulosum Walp: A review. International Journal of Pharmacognosy 
and Life Science. 2021; 2(2):6-10.

26.	Kotoky J, Dasgupta B, Deka N. Pharmacological studies of 
Clerodendrum glandulosum Walp, a potent hypotensive plant. Indian 
Journal of Physiology and Pharmacology. 2005; 49(3):289-296.

27.	Mahesh M, Bagchi P, Vanchhawng L, Somashekar R, Shankara 
BER, Prasad SBB, Richard SA, Dhananjaya BL. The antioxidant 
and antimicrobial activity of the leaves extract of Clerodendrum 
Colebrookianum walp, (Fam: Verbenaceae). International Journal of 
Pharmacy and Pharmaceutical Sciences. 2015; 7(1):96-99.

28.	Kamara BI. Phytochemical Methods, in: Ethnoveterinary Botanical 
Medicine: Herbal Medicines for Animal Health. CRC Press Taylor 
and Francis Group, 2010.

29.	Trease GE, Evan WC. Pharmacognosy. 12th ed., English language 
Book society, Balliere Tindal, 1983.

30.	Anal JMH, Chase P. Trace elements analysis in some medicinal 
plants using graphite furnace-atomic absorption spectroscopy. 
Environmental Engineering Research. 2016; 21:247–255. 

31.	Cowan MM. Plant products as antimicrobial agents. Clinical 
Microbiology Reviews. 1999; 12(4):564-582.

32.	Irobi ON, Moo-Young M, Anderson WA. Antimicrobial activity of 
Annatto (Bixa orellana) extract. Pharmaceutical Biology. 1996; 
34:87-90.

33.	Yang B, Chen F, Hua Y, Huang SS, S Lin, Wen L, Jiang Y. Prooxidant 
activities of quercetin, p-courmaric acid and their derivatives 
analysed by quantitative structure-activity relationship. Food 
Chemistry. 2012; 101(4):1719-1726.

34.	Oyaizu M. Studies on products of browning reaction. Antioxidative 
activities of products of browning reaction prepared from 
glucosamine. The Japanese Journal of Nutrition and Dietetics. 
1986; 44:307-315.

35.	el Hattabi L, Talbaoui A, Amzazi S, Bakri Y, Harhar H, J Costa, 
Desjobert JM, Tabyaoui M. Chemical composition and antibacterial 
activity of three essential oils from south of Morocco (Thymus 



Study of Phytochemical Profiling of Alpinia galanga Rhizome and Clerodendrum colebrookianum Leaves Extracts

Int. J. Pharm. Sci. Drug Res., September-October, 2022, Vol 14, Issue 6, 661-667 667

satureoides, Thymus vulgaris and Chamaelum nobilis). Journal of 
Materials and Environmental Science. 2016; 7(9): 3110-3117.

36.	Bagrov AY, Shapiro JI, Fedorova OV. Endogenous cardiotonic 
steroids: Physiology, pharmacology, and novel therapeutic targets. 
Pharmacological Reviews. 2009; 61(1):9-38.

37.	Auwal MS, Saka S, Mairiga IA, Sanda KA, Shuaibu A, Ibrahim A, 
Auwal MSDVM. Preliminary phytochemical and elemental analysis 
of aqueous and fractionated pod extracts of Acacia nilotica (Thorn 
mimosa). Veterinary research Forum. 2014; 5(2):95-100.

38.	Opdenakker G, Li S, Berghmans N, Damme JV. Applications of 
glycobiology: Biological and immunological effects of a chemically 
modified amylose-Derivative. Carbohydrate Chemistry. 2012; 
38:1-12.

39.	Hassan A, Akmal Z, Khan N, Alparslan Y. The Phytochemical 
Screening and Antioxidants Potential of Schoenoplectus triqueter 
L. Palla. Journal of Chemistry. 2020; 2020:1-8.

40.	Willis JA, Scott RS, Brown LJ, Forbes LV, Schmidli RS, Zimmet PZ, 
MacKay IR, Rowley MJ. Islet cell antibodies and antibodies against 
glutamic acid decarboxylase in newly diagnosed adult-onset 
diabetes mellitus. Diabetes Research and Clinical Practice. 1996; 
33(2):89-97.

41.	Soetan KO, Olaiya CO, Oyewole OE. The importance of mineral 
elements for humans, domestic animals and plants: A review. 
African Journal of Food Science. 2010; 4 4(5): 200-222.

42.	Tan JBL, Lim YY. Critical analysis of current methods for assessing 
the In-vitro antioxidant and antibacterial activity of plant extracts. 
Food Chemistry. 2015; 172:814-822.

43.	Kumar B, Smita K, Seqqat R, Benalcazar K, Grijalva M, Cumbal L. 
In-vitro evaluation of silver nanoparticles cytotoxicity on Hepatic 
cancer (Hep-G2) cell line and their antioxidant activity: Green 
approach for fabrication and application. Journal of Photochemistry 
and Photobiology B. 2016; 159:8-13.

44.	Biswal AK, Misra PK. Biosynthesis and characterization of silver 
nanoparticles for prospective application in food packaging 
and biomedical fields. Materials Chemistry and Physics. 2020; 
250:123014.

45.	Oktay M, Gülçin I, Küfrevioǧlu ÖI. Determination of In-vitro 
antioxidant activity of fennel (Foeniculum vulgare) seed extracts. 
LWT - Food Science and Technology. 2003; 36(2): 263-271.

46.	AsoLini FC, Tedesco AM, Carpes ST, Ferraz C, de Alencar SM. 
Antioxidant and Antibacterial Activities of Phenolic Compounds 
from Extracts of Plants Used as Tea. Brazilian Journal of Food 
Technology. 2006;9(6):209-15.

HOW TO CITE THIS ARTICLE: Imchen P, Zhimomi BK, Phucho T. Study on Trace Element and Phytochemical Profiling of Alpinia galanga Rhizome 
and Clerodendrum colebrookianum Leaves Extracts and their In-vitro Bioactivity. Int. J. Pharm. Sci. Drug Res. 2022;14(6):661-667. DOI: 10.25004/
IJPSDR.2022.140602


