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Abstract

The present investigation was focused on the study of the chemical composition variability and biological activities of the
rhizome extracts from Zingiber zerumbet (L.) Roscoe ex Sm. The separation of the constituents was carried out by gas
chromatography coupled with mass spectrometry (GC-MS). The Z. zerumbet rhizome extract was characterized by a high
content of sesquiterpenes such as zerumbone and ginsenol. An antibacterial activity of rhizome extract from Z. zerumbet was
tested against Xanthomonas spp, Erwinia spp and Pseudomonas syringae. We also examined the antifungal activities against
Rhizoctonia solani, Fusarium oxysporum and Colletotrichum capsici. Further, we evaluated the pesticidal efficacy of Z.
zerumbet rhizome extract against Aphis gossypii. All tested samples displayed noteworthy antibacterial antifungal properties,
with the highest activity observed on Xanthomonas spp and Rhizoctonia solani. While, the pesticidal action was remarkably
observed on A. gossypii with 87.0% mortality after 72 h of exposure. In conclusion, this study showed pronounced role of the
Z. zerumbet rhizome extract as antibacterial, antifungal and insecticidal activity.
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Introduction Zingiber zerumbet (L.) Roscoe ex Sm is a perennial,
Environmental issues including contamination of food, aromatic rhizomatous plant species in the Zingiberaceae
water and soil pollution, and other issues are getting worse family, it is primarily found in Asia's tropical and
all over the world and causing a rising number of natural subtropical regions (Anon, 1976). Traditional uses of the Z.
disasters and human tragedies. The overuse and zerumbet rhizomes include food and medicine (Yob et al.
indiscriminate application of pesticides to manage 011) B2, Numerous pharmacological effects of plants have
agricultural losses causing disturbances to the ecological been documented, including anti-inflammatory, anti-tumor,
balance (Boyer et al. 2012; Pavela, 2015) [0 22 anti-allergic, antioxidant, antibacterial, anti-viral, and
Furthermore, the use of synthetic fungicides and fungal treatments for sore throat, stomachaches, and worms
medications to treat mold in the environment and on animals (Rahman et al. 2014; Nhareet and Nur, 2003; Huang et al.
is not any less important when discussing the drawbacks and 2005; Tewtrakul and Subhadhirasakul, 2007) [*7. 3. 25, 301,
emergence of infections resistant to fungicides (Abdel- Till date, there was little data available on Z. zerumbet
Kawy et al. 2019; Rezgui et al. 2020) ™. In order to feed the rhizome extracts applications in controlling plant diseases.
expanding human population in a healthy environment, Hence our given is first of its kind which focused on the role
there is growing concern about the quest for novel, highly of Z. zerumbet extracts as antifungal, antibacterial and
selective, and sustainable alternatives of beneficial pest pesticidal action. This would be definetely helpful for the
control agents. agrochemical industry's precise function of this medicinal
A plethora of chemical compounds produced by medicinal plant in conserving human health as well as ecosystem.
plants aid to heal and restore human health. The study of

plant extracts has received a lot attention because of its Materials and methods

crucial significance as a source of agrochemicals, which are Preparation of plant extracts

widely utilized to control plant diseases (Benelli et al. 2019; Z. zerumbet was collected and the harvested plants were
Pavela, 2019) [®1. With their potential to replace synthetic identified and rhizomes were seperated. Matured rhizomes
organic  pesticides and  prevent  environmental were air-dried for 72 h, and plant extracts were obtained by
contamination, natural  herbicides, fungicides, and magnetic stirring of 2.5 g of powdered dry matter with 25
insecticides can be deployed as a substitute. As a result, mL of solvent for 30 min at room temperature (25°C).
numerous uses of essential oils have been documented, Extracts were obtained with solvents of increasing polarity:
serving as safe fungicidal agents against a wide range of hexane/water (8:2, v/v), acetone/water (8:2, V/V)
molds and as ecofriendly insecticides (Benelli et al. 2019; ethanol/water (9:1, v/v), methanol/water (8:2, v/v) and
Benelli and Pavela, 2019) ¥1. The chemical composition of water. The extracts were kept for 24 h at 4°C, filtered
medicinal plants contains various secondary metabolites and through Whatman No. 4 filter paper, evaporated to dryness
essential oils that are generated impact the mechanisms of under vacuum and stored at 4°C until analysis.

action and establish the economic and medical value of

different plants. Keeping in view of this, we aimed at Estimation of total phenolics content

evaluating the Zingiber zerumbet rhizome extract Total phenols were assayed according to Dewanto et al.
components to combat a variety of plant diseases, including (2002) M1, An aliquot of diluted extract was added to 0.5
pests, fungi, and bacteria. mL of distilled water and 0.125 mL of Folin—Ciocalteu
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reagent. The mixture was shaken and allowed to stand for 6
min, before addition of 1.25 mL of 7% Na,CQOsz;. The
solution was then adjusted with distilled water to a final
volume of 3 mL and mixed thoroughly. After incubation in
the dark, absorbance at 760 nm was read versus a prepared
blank. The total phenol content of plant parts was expressed
as milligrams of gallic acid equivalents per gram of dry
weight (mg GAE/g DW) from a calibration curve with gallic
acid. All samples were analyzed in three replicates.

Estimation of total flavonoids

Estimation of total flavonoid content was carried out with
the help of aluminium chloride method given by Dewanto et
al. (2002) ™, Total 250 mg of powdered sample was
suspended in 10 ml of 80% methanol for 24 h at room
temperature followed by centrifugation at 3000 rpm for 20
min. 1.0 ml of supernatant extract was taken out in the test
tubes. To this, 0.3 ml of 5% NaNO, solution was added and
was left it for 3 min. After 3 min, 0.3 ml of 10% AICI; was
added and was left the solution for 2 min. 2 ml of 1.0 M
NaOH was added and mixed well. After that 2.4 ml distilled
water was added to it and mixed well. Optical density of the
yellowish brown color was read at 510 nm. Total flavonoid
content was calculated from the standard curve prepared
from the querctine and the results were expressed in mg/g
dry weight.

Total condensed tannins

Condensed tannins (proanthocyanidins) were determined
according to the method of Sun et al. (1998) 2], To 50 pL
of diluted sample, 3 mL of 4% vanillin solution in methanol
and 1.5 mL of concentrated HCI were added. The mixture
was allowed to stand for 15 min, and absorption was
measured at 500 nm against methanol as a blank. The
amount of total condensed tannins is expressed as mg (+)-
catechin/g DW. All samples were analyzed in triplicate.

DPPH assay

The electron donating ability of the obtained extracts was
measured by bleaching a purple solution of 1,1-diphenyl-2-
picrylhydrazyl (DPPH) radical according to the method of
Hanato et al. (1988). Extracts (0.1 mL, 5, 10, 50 and 100
Og/mL) were added to 0.5 mL of 0.2 m mol/L DPPH-
methanol solution. After incubation for 30 min at room
temperature, the absorbance was determined against a blank
at 517 nm. The percentage inhibition of free radical DPPH
was calculated from (A blank—A sample/A blank) x 100,
where A blank is the absorbance of the control reaction and
A sample is the absorbance in the presence of plant extract.
The concentration of extract that caused 50% inhibition
(IC50) was calculated from the regression equation for the
concentration of extract and percentage inhibition. Samples
were analyzed in triplicate.

Total antioxidant capacity

The assay is based on the reduction of Mo (VI) to Mo(V) by
the extract and subsequent formation of a green phosphate—
Mo(V) complex at acid pH Prieto et al, (1999) 4. An
aliquot (0.1 mL) of plant extract was added to 1 mL of
reagent solution (0.6 mol/L H,SO,4, 28 mmol/L NasPO, and
4 mmol/L ammonium molybdate). The tubes were
incubated in a thermal block at 95°C for 90 min. Once the
mixture had cooled to room temperature, the absorbance of
each solution was measured at 695 nm against a blank.
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Antioxidant capacity was expressed was expressed as mg
gallic acid equivalent per gram dry weight (mg GAE/g
DW). The calibration curve range was 0-500 Og/mL. All
samples were analyzed in triplicate.

Gas chromatography/mass
analysis

The composition of Z. zerumbet rhizome was analyzed
using SHIMADZU GCMSQP2010. The column used was
30 m x 0.25 mm inner diameter with a thickness of 0.25 pm.
The carrier gas used was Helium gas (flow rate of 1
mL/min). The injector temperature was set at 280 °C and the
oven temperature was raised to 300 °C at a rate of 4 °C per
minute. The identification was carried out using the NIST
library according to the standard methods described in the
previous reports of Padalia et al. (2013) (21,

spectrometry  (GC/MS)

Collection of microorganisms

Antibacterial activity was determined against two Gram (-)
ve bacteria (Xanthomonas spp and Pseudomonas syringae).
The antifungal screening was carried out against fungi
(Rhizoctonia  solani,  Fusarium  oxysporum  and
Colletotrichum capsici). All these organisms were collected
from the Crop Protection and Biological Control
Laboratory, SLN Biologicals LLP, Nizamabad, Telangana,
India.

Collection of test insect

For insecticidal screening the insect Aphids (Aphis gossypii)
used in the experiment was provided from the stock cultures
of the Crop Protection and Biological Control Laboratory,
SLN Biologicals LLP, Nizamabad, Telangana, India.

Growth media and conditions

Nutrient agar media (HiMedia Laboratories) pH 7.2 and
Potato dextrose agar media (HiMedia Laboratories) pH 5.6
were used for antibacterial and antifungal screening
respectively.

Antibacterial screening

The in vitro antibacterial activity of the extract was
determined by disc diffusion method (Bauer et al. 1996) [,
Sample discs were prepared by allowing each sterile disc (6
mm in diameter) of filter paper to absorb 20 pl of a test
solution in aseptic condition. The discs were allowed to dry
until complete evaporation of solvent. Dried and sterilized
filter paper discs, each containing a test sample of 500 pg of
the test agent was placed on nutrient agar medium uniformly
seeded with the test microorganisms. Kanamycin disc (30
pg/disc) and blank disc were used as the positive and
negative control respectively. The plates were incubated at
37°C for 24 hours for optimum growth of the organisms.
The antibacterial activity of the extract was determined by
measuring the diameter of the zone of inhibition expressed
in millimeter.

Antifungal screening

The extract was screened for its antifungal activity by disc
diffusion method at the concentration of 500ug/disc. Potato
dextrose (20 ml) plates were prepared and incubated by
spread plate method under aseptic conditions. The sterile
impregnated discs with plant extracts were placed on the
agar surface with framed forceps and gently pressed down
to ensure complete contact of the disc with agar surface.
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Control discs of carbendezim were prepared and placed on
the agar surface. All the plates were incubated at 37°C for
72 hours and the size of the inhibition zones were measured.
The mean zone of inhibition of the three replicated tests
(triplicate analysis) of the plant extract is expressed in
millimeter.

Insecticidal screening

For the conduction of surface film activity test of the plant
extract, test tubes were taken. The plant extract (500 mg)
was dissolved into 1 ml methanol added 10 ml of sterile
water containing 5% sucrose. This was poured into the
lower part of the petridish, control experiment applying only
the water into the test tube slants was also set at the same
time under the standard conditions at 28°C, 70 % RH at a
photoperiod (12h light: 12h dark) (Bousquet 1990) [°1. After
completing all the arrangements, treated petridishes were
placed in a secured place at room temperature. The whole
experiment was observed from time to time and mortality
was observed after 24 h, 48 h and finally after 72 h of
exposure and data were recorded. A simple microscope was
used to observe each and every insects by tracing natural
movements of each organism. In some cases hot needle was
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taken closer to the bodies (without movement) to confirm
death.

Statistical analysis

Data were analyzed by analysis of variance (ANOVA), and
differences among treatments were assessed using Duncan’s
multiple range test (DMRT) at the P = 0.05 level using
SigmaPlot version 12.0. Probability analysis was performed
for the calculation of LC50 values using the EPA Probit
analysis program version 1.5. Inhibition ratio and EC50
values were obtained using Log-Probit analysis.

Results

Total phenolic, flavonoid and tannin contents

In the given study the Fig. 1 illustrates the extracts' total
phenol contents. When extracted in ethanolic solvents (48
mg GAE/g DW), Z. zerumbet rhizome extract had a greater
total polyphenol content than when extracted in other
solvents (Fig. 1a). The highest quantity was found in the
ethanol extract, which was followed by the extracts of
acetone, methanol, water, and hexane; similar pattern was
observed for the levels of flavonoids (except water
exhbiting least) and condensed tannins (Fig. 1b & 1c).
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Fig 1: The total contents of (a) polyphenol (expressed as mg gallic acid equivalents/g dry weight), (b) flavonoids and (c) condensed tannin
(expressed as mg catechin/g dry weight) in rhizome extracts of Zingiber zerumbet in different solvents

Total antioxidant activity and DPPH radical-scavenging
activity

The total antioxidant capacity of Z. zerumbet rhizome
extract varied according to the solvent. Our results depicted
that total antioxidant capacity of Z. zerumbet rhizome
extract was much higher in ethanol extract, followed by the
acetone extract, the methanol extract, the extract in water
and least was observed in the hexane extract (Fig 2a).

Even the DPPH radical-scavenging activity (Fig 2b)
exhibited similar pattern as that of total antioxidant capacity.
Surprisingly, the rhizome extracts of Z. zerumbet extracted
in water exhibited significantly high DPPH radical
scavenging activity than those collected in other solvents
(Fig. 2b). Hexane extracts had the lowest anti-radical
activity, while the most polar solvent (water) had potent
activity followed by ethanol, methanol and acetone.
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Fig 2: (a) Total antioxidant capacity (expressed as mg gallic acid equivalents/g dry weight and (b) Scavenging activity, expressed as median
inhibitory concentration (Og/mL), in the DPPH test in rhizome extracts of Zingiber zerumbet in different solvents
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Chemical Composition of Extract

The results of GC/MS analysis of rhizome extracts of Z.
zerumbet was presented as Figure 1 highlighting the most
important and abundant secondary metabolite compounds
such as zerumbone and ginsenol. The identification of these
compounds was carried out using the NIST library
following to the standard methods.

Antibacterial activity

The extract of Z. zerumbet rhizome (500 pg/disc) was found
to be effective against various plant pathogenic fungi as
indicated by the zone of inhibition (Table 1). Maximum

www.botanyjournals.com

inhibition was obtained against Xanthomonas spp (18 mm),
Erwinia spp (14 mm) and Pseudomonas syringae (8 mm) in
comparison to reference standard kanamycin 30pg/disc
(Table 1). The EC50 value for rhizome extracts of Z.
zerumbet against Xanthomonas spp was 156.12 pug mL™?,
demonstrating the activity of the extract against this fungus.
Its activity against Erwinia spp was moderate, with an EC50
value of 399.33 pg mL™%, but it provided negligible control
of Pseudomonas syringae, with an EC50 value of 986.17 pg
mL™%. Carbendazim (30 pg/disc) showed excellent results
against Xanthomonas spp (<31 ug mL™), Erwinia spp (<67
pug mL 1) and Pseudomonas syringae (<23 pug mL ™).

Table 1: Antibacterial activities of the Zingiber zerumbet (L.) rhizome extract

Test bacterial strains Diameter of Zone of Inhibition(mm) ECso
Extract 500 pg/disc Std. Kanamycin 30 pg/disc | Extract 500 pg/disc | Std. Kanamycin 30 pg/disc

Xanthomonas spp 18 28 156.12 <31

Erwinia spp 14 25 399.33 <67

Pseudomonas syringae 08 26 986.17 <23

Antifungal activity

Table 2 presents data on the fungicidal activity of rhizome
extracts of Z. zerumbet as well as synthetic chemicals
carbendazim, which served as positive controls. Our results
demonstrated the high inhibition of Z. zerumbet rhizome
extract (500 pg/disc) against Rhizoctonia solani (36 mm),
Fusarium oxysporum (23 mm) and Colletotrichum capsici
(11 mm) in comparison to reference standard kanamycin
30pg/disc (Table. 2). The EC50 value for rhizome extracts

of Z. zerumbet against R. solani was 164.43 pg mL™?,
demonstrating the activity of the extract against this fungus.
Its activity against F. oxysporum was moderate, with an
EC50 value of 432.21 ug mL™%, but it provided least control
against C. capsici, with an EC50 value of 656.23 ug mL ™1,
Carbendazim showed excellent results against three fungi;
R. solani (< 22 pg mL™), F. oxysporum (< 34 pg mL™) and
C. capsici (< 51 ug mL™2).

Table 2: Antifungal activities of the Zingiber zerumbet (L.) rhizome extract.

Test fungal strains Diameter of Zone of Inhibition(mm) ECso
Extract 500 pg/disc |Std. Carbendezim 50 pg/disc Extract 500 pg/disc Std. Carbendezim 50 pg/disc

Rhizoctonia solani 36 42 164.43 <22

Fusarium oxysporum 23 45 432.21 <34

Colletotrichum capsici 11 46 656.23 <51

Insecticidal activity
The data presented in Table 3 show the aphicidal activity of
rhizome extracts of Z. zerumbet against the cotton aphid, A.

gossypii. The results exhibited that after a prolonged
exposure period of 72 h at a 500 pg mL™ concentration,
87.0% mortality was observed

Table 3: Insecticidal activities of the Zingiber zerumbet (L.) rhizome extract

Extract Concentration (Og/ml) Insects (no’s) | Number of insect dead Mortality (%0)
Oh|24h | 48h | 72h
Z. zerumbet rhizome extract 500 15 0 6 9 13 87

Discussion

In the present investigation, we evaluated Z. zerumbet's
phenolic content, antioxidant, antibacterial, antifungal, and
insecticidal properties. Methanol extracts produced the
largest output of total polyphenols, flavonoids and tannins
with highest yield. The phenol content was dependent on the
solvent used and its polarity. Phenols have been extracted in
the past using methanol, ethanol, acetone, propanol, ethyl
acetate, and dimethyl formamide (Tan et al 2012) %1, The
degree of polymerization of phenols, their solubility in the
extraction solvent, the kind of solvent, the interaction of
phenols with other plant elements, and the development of
insoluble complexes significantly affect the recovery of
polyphenols from plant materials (Galvez et al 2005) [*3],
Variations in the antioxidant activity can be attributed to
variations in their polarity of solvents used. Moreover,
phenolic solubility is enhanced by solvent polarity (Naczk
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and Shahidi, 2006) [*%. For this reason, defining a consistent
protocol for the extraction of plant phenols is challenging.
Generally speaking, unless extremely high pressure is
applied, the least polar solvents are thought to be
appropriate for extracting lipophilic phenols, while polar
solvents are employed for hydrophilic phenols (Alothman et
al 2009) 21,

Since the plants contain an extensive array of antioxidants,
it is challenging to determine the individual antioxidant
potential of each molecule. The majority of techniques
created to gauge the antioxidant potential of various plant
materials (Swapana et al., 2013) [?81 assess a material's
power to scavenge certain radicals by chelating metal or
preventing lipid peroxidation. The Z. zerumbet extracts we
investigated shown moderate ferrous iron lowering and
carotene bleaching inhibitory powers along with significant
total antioxidant and DPPH activity. Given that phenols
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account for the majority of plant antioxidant activity,
Mansouri et al. (2005) 8 suggested that a high phenol
concentration may be linked to antioxidant capacity.
Phenols are composed structurally of an aromatic ring with
one or more hydroxyl substituents. The type of molecule's
ability to bind metal cations, donate hydrogen atoms or
electrons, and scavenge free radicals accounts for its
antioxidant activity (Amarowicz et al 2004) &1,

In general, plants are prone to attacked by insects, microbes,
and mammals typically develop self-defense mechanisms
through the production of a range of secondary metabolites,
including steroids, alkaloids, terpenoids, and aromatic
compounds, which are likely repulsive or even poisonous to
the adversary (Fisher et al. 1984, Gurney and Mantle 1993)
(1412 Yang and Tang (1998) Y conducted a survey of
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plants used for insect control and discovered a close
relationship between pesticidal and therapeutic plants.
Insect-caused food grain storage losses are estimated to
account for 10% of global food production annually,
although losses of up to 25% may also arise in tropical
nations due to insect attacks following harvest (Howe 1965)
[16]

It was quite familiar that, Z. zerumbet plant has been the
subject of prior phytochemical studies that have identified
flavonoids, steroids, triterpenoids, and alkaloids. It is
possible that the presence of these kinds of phyto-
constituents is what causes the extract of Z. zerumbet
rhizome to exhibit insecticidal activity. Drug resistance in
phyto-pathogens can significantly reduce the efficacy of
certain pesticides (Rosenberger and Meyer 1981) (261,
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Fig 3: The GC-MS chromogram of methanolic extracts of Z. zerumbet rhizomes with peaks depicting a) Zerumbone and b) Ginsenol

Conclusion

This work outlines the possible role of medicinal plants
especially Z. zerumbet containing the chemical constituents
which may have a scope of acting as biopesticides and safer
antimicrobial agents which are readily available, renewable,
non-petrochemical, and naturally eco-friendly.

References

1. Abdel Kawy MA, Michel CG, Kirollos FN, Hussien
RAA, Al Mahallawi AM, Sedeek MS. Chemical
composition and potentiation of insecticidal and
fungicidal activities of Citrus trifoliata L. fruits
essential oil against Spodoptera littoralis, Fusarium
oxysporum and Fusarium solani via nano-cubosomes.
Nat. Prod. Res. 2019, 1-6. Rezgui, M.; Majdoub, N.;
Mabrouk, B.; Baldisserotto, A.; Bino, A.; Ben Kaab,
L.B.; Manfredini, S. Antioxidant and antifungal
activities of marrubiin, extracts and essential oil from
Marrubium vulgare L. against pathogenic dermatophyte
strains. J. Mycol. Med,2020:30:100927.

2. Alothman M, Rajeev A, Karim A. Antioxidant capacity
andphenolic content of selected tropical fruits from
Malaysia, extracted with different solvents, Food
Chem,2009:115:785-788.

3. Amarowicz R, Pegg RB, Rahimi M, Barl B, Weil JA.
Free radical scavenging capacity and antioxidant

22

activity of selected plant species from the Canadian
prairies, Food Chem,2004:84:551-562.

4.  Anonymous. The Wealth of India: Raw Materials, Vol.
X1l (X-Z). Publications and Information Directorate,
CSIR, New Delhi,1976:11:89-90.

5. Bauer AW, Kirby WM, Sherris JC, Turck M. Antibiotic
susceptibility testing by standardized single disc
method. Am J Clin Pathol,1996:44:493-496

6. Benelli G, Maggi F, Canale A, Mehlhorn H. Lyme
disease is on the rise—How about tick repellents? A
global view. Entomol. Gen,2019:39:61-72.

7. Benelli G, Pavela R. Repellence of essential oils and
selected compounds against ticks—A systematic
review. Acta Trop,2018:179:47-54.

8. Benelli G, Pavela R, Zorzetto C, Sanchez Mateo CC.
Santini G.; Canale, A.; Maggi, F. Insecticidal activity of
the essential oil from Schizogyne sericea (Asteraceae)
on four insect pests and two non-target species.
Entomol. Gen,2019:39:9-18.

9. Bousquet Y. Beetles associated with stored products in
Canada. Canadian Government Publishing Centre.
Ottawa, 1990, 189-192.

10. Boyer S, Zhang H, Lempériere G. A review of control
methods and resistance mechanisms in stored-product
insects. Bull. Entomol. Res,2012:102:213-229.

11. Dewanto X, Wu K, Adom K, Liu RH. Thermal
processingenhances the nutritional value of tomatoes by



International Journal of Botany Studies

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

increasingtotal antioxidant activity, J. Agric. Food
Chem,2002:50:3010-3014.

Fisher PJ, Anson AE, Petrini O. Antibiotic activity of
some endophytic fungi from ericaceous plants. Bot
Helv,1984:94:249-253.

Galvez CJ, Martin Cordero P, Houghton AM.
Antioxidant activity of methanol extracts obtained from
Plantago species, J. Agric. Food Chem,2005:53:1927—
1933.

Gurney KA, Mantle PG. Biosynthesis of 1-N- Methyl
albonourism by an endophytic streptomycin sp. Isolated
from perennial ryegrass. J Nat Prod,1993:56:1194 -
1198.

Hatano T, Kagawa H, Yasuhara T, Okuda T. Two new
flavonoidsand other constituents in licorice root their
relative astringencyand radical scavenging effect,
Chem. Pharm. Bull,1988:36:2090-2097.

Howe RW. Losses caused by insects and mites in stored
foods and foodstuffs. Nutr Abstr Rev,1965:35:285-302.
Huang GC, Chien TY, Chen LG, Wang CC. Antitumor
effects of zerumbone from Zingiber zerumbet in P-
388D1 cells in vitro and in vivo. Planta
Medicine,2005:71(3):219-224

Mansouri A, Embared G, Kokkalou E, Kefalas P.
Phenolic profile and antioxidant activity of the Algerian
ripedate palm fruit (Phoenix dactylifera), Food
Chem,89:2005:411-420.

Naczk M, Shahidi F. Phenolics in cereals, fruits and
vegetables: occurrence, extraction and analysis, J.
Pharm. Biomed. Anal,2006:41:1523-1542.

Nhareet S, Nur S. Anti inflammatory property of
ethanol and water extracts of Zingiber zerumbet. Indian
Journal of Pharmacology,2003:35(3):181.

Padalia RC, Verma RS, Chauhan A, Chanotiya CS.
Changes in aroma profiles of 11 Indian Ocimum taxa
during  plant  ontogeny. Acta  physiologiae
plantarum,2013:35:2567-87.

Pavela R. Essential oils for the development of eco-
friendly mosquito larvicides: A review. Ind. Crops
Prod,2015:76:174-187.

Pavela R, Maggi F, lannarelli R, Benelli G. Plant
extracts for developing mosquito larvicides: From
laboratory to the field, with insights on the modes of
action. Acta Trop,2019:193:236-271.

Prieto P, Pineda M, Aguilar M. Spectrophotometric
quantitationof antioxidant capacity through the
formation of a phospho-molybdenum complex: specific
application to the determinationof vitamin E, Anal.
Biochem,1999:269:337-341.

Rahman HS, Rasedee A, Yeap SK, Othman HH,
Chartrand MS, Namvar F, et al. Biomedical properties
of a natural dietary plant metabolite, zerumbone, in
cancer therapy and chemoprevention trials. Biomed
Res. Intl, Article ID 920742, 2014.

Rosenberger DA, Meyer CW. Post harvest fungicides
for apples: development of resistance to benomyl,
vinclozolin and iprodione. Plant Dis,1981:65:1010-
1013.

Sun B, Richardo Da Silvia JM, Spranger I. Critical
factors  ofvanillin  assay for catechins and
proanthocyanidins, J. Agric. FoodChem,1998:46:4267—
4274,

Swapana N, Lokendrajit N, Warjeet S, Laitonjam C,
Singh B. Antioxidant activities of the rhizomes of

23

29.

30.

31

32.

www.botanyjournals.com

different Zingiberaceae plants of north-east India, Asian
J. Biol. Life Sci,2013:2:19-22.

Tan ES, Aminah A, Khalid HM, Maskat MY, Ghani
MA. Antioxidant properties of three banana cultivars
(Musa acuminate ‘Berangan’, ‘Mas’ and ‘Raja’)
extracts, Sains Malays,2012:41:319-324.

Tewtrakul S, Subhadhirasakul S. Anti- allergic activity
of some selected plants in the Zingiberaceae family.
Journal of Ethnopharmacology,2007:109:535-538.
Yang RZ, Tangs CS. Plants used for pest control in
China: A literature review. Econ Bot,1998:42:376-406.
Yob NJ, Jofrry SM, Affandi M, Teh L, Salleh M and
Zakaria Z. Zingiber zerumbet (L.) Smith: a review of its
ethnomedicinal, chemical, and pharmacological uses.
Evid. Based Complement. Alternative Medicine, 2011,
543216.



