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Plectranthus amboinicus (Lour.) Spreng (Lamiaceae) is traditionally used in folk
medicine to treat countless illnesses. This study aimed to determine the phytochemicals
analysis including, phytochemical screening, total phenolic and flavonoid contents as
well as DPPH radical scavenging activity of P. amboinicus leaf extracts. The extraction
of phytochemicals was performed using sequential maceration method using n-hexane,
ethyl acetate and methanol. Phytochemical screening was conducted using standard
chemical tests, while total phenolic and flavonoid contents were performed using Folin-
Ciocalteu and aluminum chloride colorimetric methods, respectively. All extracts were
subjected to 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical assay. Preliminary
phytochemical analysis revealed that the leaves of P. amboinicus consisted of
flavonoids, phenols, terpenoids, glycosides and tannins, but showed negative results for
alkaloids and saponins tests. The greatest phenolic content was observed in the ethyl
acetate extract (73.31 + 0.97 mg GAE/g), while the lowest value was reported in the #-
hexane extract (24.63 + 0.84 mg GAE/g). The ethyl acetate extract also composed of
the highest flavonoid content (95.72 + 0.80 mg QE/g), while the methanol extract had
the lowest flavonoid content (9.84 + 0.69 mg QE/g). Among the extracts, the methanol
extract demonstrated better DPPH radical scavenging activity with an 1Cso of 878.37
pg/mL.

INTRODUCTION

antioxidants mainly polyphenols, carotenoids and vitamins
obtained from foods, medicinal plants and agricultural by-

Antioxidants are substances which are used to slow down or
eliminate oxidative damage to target molecules. These
substances are significant to trap free radicals due to their
redox hydrogen donor and single oxygen sequencer
properties [1]. The ability of antioxidants to delay the
oxidation of biomolecules makes this substance become
more important and benefits for food preservation, dietary
supplements and health promotion [2, 3]. Available synthetic
antioxidants such as BHT (butylated hydroxyl toluene) and
BHA (butylated hydroxyanisole) are applied in foods such
as oil, bread, cookies, biscuits and dairy products to help
prevention of lipid oxidation, withstand various treatments
and conditions as well as to prolong the shelf life [4, 5].
Nowadays, besides the synthetic antioxidants, natural

products are also utilized in the food industry as well as for
health maintenance [6-8]. Currently, the phenolic- and
flavonoid-rich natural diets with antioxidant activity have
raised interest in nutrition and food science owing to their
ability to reduce free radical formation and to scavenge free
radicals [9, 10].

Plectranthus amboinicus (Lour.) Spreng (Lamiaceae) is
a medicinal herb commonly known in Malaysia as “daun
bangun-bangun”, “pokok bangun-bangun”, “sedingin” or
“hati-hati hijau”, and synonymous with P. aromaticus
Roxb., Coleus aromaticus Benth. and C. amboinicus Lour
[11, 12]. The plant mainly grows in the subtropics and
tropics regions and can be found in a well-drained and semi-
shaded habitat [11, 13]. P. amboinicus is commonly used as
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culinary herbs, ornamental plants and vegetables, and
traditionally applied in folk medicine. The leaves of this
plant are being utilized to treat multiple ailments such as
digestion, skin conditions, respiratory conditions, infections
and fever [14]. P. amboinicus had displayed remarkable
bioactivities such as antimicrobial, antiviral, antiepileptic,
antitumorigenic, anti-inflammatory, wound healing, insect
bites lactogenic, antioxidant and analgesic activities. These
bioactivities are attributed to the presence of a variety of
phytochemicals in essential oils and extracts. Phenolics,
flavonoids, tannins, terpenoids, glycosides, saponins,
carbohydrates, steroids, proteins, amino acids, quinones and
alkaloids were classes of compounds which can be found in
its extracts [11, 15].

Although several phytochemistry and bioactivities
research on P. amboinicus had been conducted [11, 16, 17],
however, there is still a gap which needs to be explored in
term of plant sample that are originated from other regions.
To date, there is no information regarding the
phytochemistry and antioxidant effect of P. amboinicus
growing in Penang, Malaysia. Thus, the present study is
carried out to detect the presence of phytochemicals, and
determine total phenolic and flavonoid contents as well as
antioxidant effect by DPPH radical scavenging assay of P.
amboinicus leaf extract from different solvents.

MATERIALS AND METHODS
Plant Materials

The leaf of P. amboinicus (voucher number 1D019/2021)
was purchased from Herbagus Trading. The leaf was
collected from Bertam Perdana, Kepala Batas, Penang,
Malaysia in September 202 1. The specimen was deposited at
UKMB Herbarium, Universiti Kebangsaan Malaysia
(UKM) and was identified by Dr. Shamsul bin Khamis, a
botanist from UKM.

Preparation of Crude Extracts

The leaf of P. amboinicus was dried in an oven at 55°C for
10 hours, followed by grinding into a powdered form with
size 2-3 mm [18]. The crude extracts were prepared by the
sequential maceration of powdered samples (234 g) using n-
hexane, ethyl acetate and methanol (2.0 L each) for three
days at room temperature [19]. The extraction was carried
out using an orbital shaker at 130 rpm [20]. The extract was
filtered with Whatman filter paper and the filtrate was
concentrated under reduced pressure to afford n-hexane
(4.39 g; 1.88%), ethyl acetate (4.10 g; 1.75%) and methanol
(16.62 g; 7.10%) crude extracts [21].

Preliminary Phytochemical Analysis

The n-hexane, ethyl acetate and methanol crude extracts of
leaf of P. amboinicus were subjected to preliminary assessed

for the presence of several phytochemicals including
flavonoids, phenols, terpenoids, glycosides, alkaloids,
saponins and tannins.

Test for Flavonoids (Ammonia Test)

The crude extracts were separately dissolved in ethyl acetate,
followed by the addition of dilute ammonia solution (1% v/v,
1 mL) until the formation of layer. The presence of
flavonoids in the extracts were confirmed by the appearance
of yellow colour at the ammonia layer [21].

Test for Phenols (Ferric Chloride Test)

A small amount of each crude extract was dissolved in
ethanol in a separate test tube. Two mililiter of the ethanolic
extract was mixed with distilled water (1 mL) and was
filtered. Then, the filtrate was treated with 2 drops of ferric
chloride solution (5% w/v). Formation of blue, green, purple
or black colour indicated the presence of phenols [22].

Test for Alkaloids (Dragendroff’s Test)

Approximately 1 g of crude extract was dissolved in
hydrochloric acid solution (5% v/v, 5 mL). A few drops of
Dragendroff's reagent were added to the acid solution,
followed by heating for a few minutes. Formation of red-
orange precipitate in the mixture indicates the presence of
alkaloids [23].

Test for Saponins (Foam Test)

Crude extract (3 mL) was mixed with distilled water (2 mL)
and shaken vigorously for 10 min. The appearance of
persistence foam within 10 min is an indicator of the
occurrence of saponins [22].

Test for Terpenoids (Salkowski’s Test)

The crude extract (500 mg) was dissolved with chloroform
(2 mL). Then, concentrated sulphuric acid (3 mL) was added
along the test tube wall. The formation of reddish-brown
colouration at the interface infers a positive result for
terpenoids [21].

Test for Glycosides (Fehling’s Test)

Test A: Crude extract (2.0 g) was mixed with distilled water
(20 mL), heated on a water bath for 5 min and filtered. The
filtrate (5 mL) was treated with Fehling’s A and B solutions
(0.2 mL) until the reaction mixture becomes alkaline (tested
using litmus paper). The positive result was indicated by the
appearance of brick-red precipitate during heating.

Test B: Crude extract (2.0 g) was dissolved in sulphuric acid
solution (1 M, 15 mL), heated on a water bath for 5 min and
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filtered. Fehling’s A and B (0.2 mL) was added to the filtrate
(5§ mL) followed by addition of a few drops of sodium
hydroxide (5% w/v) until the solution becomes alkaline
(tested with litmus paper). The formation of high brick-red
precipitate in test B than that of the test A confirms the
existence of glycosides [24, 25].

Test for Tannins (Braymer’s Test)

The ethanolic extract (2 mL) was mixed with distilled water
(2 mL) followed by filtration. A few drops of ferric chloride
solution (5% w/v) were added to the filtrate. The formation
of green precipitate indicates the existence of tannins [22, 26,
27].

Determination of Total Phenolic Content

Preparation of Calibration Curve using Standard Gallic
Acid

The total phenolic content (TPC) of P. amboinicus leaf
extracts were evaluated wusing the Folin-Ciocalteu
colorimetric method as described by the previous studies
with slight modifications [28]. The stock solution of gallic
acid was prepared by dissolving gallic acid (25 mg) with
methanol (25 mL) to acquire a stock concentration of 1000
pg/mL. The serial gallic acid solutions were made at various
concentrations (0, 50, 100, 150, 200, 250, and 300 pg/mL).
For each concentration, gallic acid (0.2 mL) was mixed with
Folin—Ciocalteu reagent (0.2 mL) followed by the addition
of distilled water (1.8 mL). The mixture was then incubated
in the dark. After 5 min of incubation, sodium carbonate
solution (Na,COs3) (7% (w/v), 2 mL) and distilled water (0.8
mL) were added. The mixtures were allowed to stand for 30
min and the absorbance resulting blue-coloured mixture was
measured on a UV—Visible spectrophotometer at 765 nm.
The solution for each concentration were prepared in
triplicate and the average value of absorbance was used to
construct the calibration curve.

Preparation of Samples for Total Phenolic Content

The extract solution was prepared in methanol at
concentration 1000 pg/mL. The extracts were subjected to
the similar procedure as described for standard gallic acid.
For each analysis, the extracts were prepared in triplicate.
The results were presented as mg Gallic Acid Equivalent per
gram of dry weight extract (mg GAE/ g) based on a standard
curve of gallic acid and the data were expressed as mean
values with the standard deviation. Total phenolic content
was calculated as follows:

C=cV/m

Where,

C = total phenolic content in mg GAE/g dry weight extract
¢ = concentration of gallic acid derived from the standard
curve in mg/mL

V = volume of extract in mL

m = mass of extract in g

Determination of Total Flavonoid Content

Preparation of Calibration Curve using Standard
Quercetin

The total flavonoid content (TFC) in all extracts was
assessed using the aluminum chloride colorimetric method
with minor adjustment [29, 30]. The stock solution of
quercetin (1000 pg/mL) were prepared by dissolving
quercetin (25 mg) in methanol (25 mL). Serial dilutions of
quercetin solution (0, 50, 100, 150, 200, 250, 300 ug/mL)
were prepared in methanol. For each concentration, standard
quercetin solution (0.5 mL) was mixed separately with
methanol (1.5 mL) and aluminium chloride (10% w/v, 0.1
mL). The solution was then mixed with potassium acetate (1
M, 0.1 mL) and distilled water (2.8 mL) and was incubated
for 30 min at room temperature in the dark. The absorbance
of the reaction mixture was measured at 415 nm on a UV—
Visible spectrophotometer against methanol as a blank.
Blank sample was prepared by using a similar procedure
except the aluminium chloride was replaced with distilled
water. The presence of flavonoids in the standard solution
was shown by the formation of an orange yellowish colour.
Triplicate determinations were performed, and the average
value of absorbance was used to construct the calibration
curve.

Preparation of Samples for Total Flavonoid Content

The extract solution with concentration of 1000 pg/mL was
prepared by dissolving extract (1 mg) in methanol (1 mL).
The procedure as described for standard quercetin was
followed, and their absorbance was recorded using a
spectrophotometer at 415 nm. The flavonoid content
represented as mg of quercetin equivalents per g of dry
weight extract (mg QE/g). All determinations were
performed in triplicate. TFC values were expressed as means
+ standard deviation and were determined using the
following formula:

C=cV/m

Where,

C = total flavonoid content in mg QE/g dry weight extract

¢ = quercetin concentration based on calibration curve in
mg/mL

V = volume of extract in mL

m = mass of extract in grams
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DPPH Radical Scavenging Assay

The antioxidant activity of the crude extracts were
determined using DPPH radical scavenging assay [31]. Each
sample (1 mg) was dissolved in methanol (1 mL) to achieve
the stock solution with concentration of 1000 pg/mL. Then,
the stock solution was further diluted using methanol to
obtain a final concentration of 500, 250, 125, 62.5, 31.3,
15.63 and 7.81 pg/mL. Each of the diluted sample solutions
(200 pL) included the stock solution were individually
mixed with the methanolic DPPH solution (50 pM, 3.8 mL)
and incubated at room temperature in the dark for 30 min.
The absorbance was recorded at 510 nm against methanol as
a blank. DPPH blank was prepared by mixing DPPH solution
(3.8 mL) and methanol (0.2 mL), while a blank sample is a
mixture of sample solution (0.2 mL) and methanol (3.8 mL).
Ascorbic acid was used as a positive control. The scavenging
effect of the DPPH radical was calculated as follows:

Scavenging effect (%) — (ADPPH blank‘[Asample'Ablank sample])] x 100

ADPPH blank

where ApppH blank: Absorbance of DPPH solution in
methanol, Asample: Absorbance of DPPH solution with
sample and Aplank sample: Absorbance of sample in methanol.
The ICso value of sample (concentration of the sample in
which the percentage of inhibition is equal to 50) were
determined using GraphPad Prism 6 software. All
determinations were conducted in triplicate and the results
were expressed as means =+ standard deviation.

RESULTS AND DISCUSSION

Preliminary Phytochemical Analysis

Phytochemical screening of the n-hexane, ethyl acetate and
methanol leaf extracts of P. amboinicus (Table 1) disclosed

the existence of a variety of phytochemicals, including
terpenoids, flavonoids, phenolic compounds, tannins and

glycosides. Terpenoids was the only phytochemical which
were detected in all extracts of P. amboinicus. On the
contrary, saponins and alkaloids were completely absent in
all tested crude extracts. Generally, terpenoids had been
reported to display antioxidant, anticancer, anti-
inflammatory, antibacterial, antiviral and antimalarial
properties [32, 33]. Other compounds, i.e., flavonoids,
phenolic compounds and tannins were existed in the ethyl
acetate and methanol extracts. Flavonoids are typically
known to display health promoting properties such as
antioxidant and anti-allergic activities as well as effective
against nerve diseases [11, 34]. Phenolic compounds are
considered as an important phytochemical which showed
antioxidant properties and useful for the treatment of skin
aging, wounds and burns [34, 35]. Tannins are a type of
polyphenol which have been reported to possess
antimicrobial, antitumor and antiviral activities [32, 33].
Moreover, glycosides commonly act as antioxidant,
antimicrobial and antidiarrheal agents [36-38], were
discovered in methanol extract only.

As can be seen from Table 1, the obtained preliminary
phytochemical analyses revealed that all phytochemicals
were detected in methanol and ethyl acetate extracts, excepts
for glycosides that were found absent in the ethyl acetate
extract. The n-hexane extract contained the lowest number
of phytochemicals present, in which only terpenoids were
detected in the extract. This implies that methanol is
effective at extracting bioactive compounds owing to their
its polarity properties [34]. In line with the results of this
study, phenols, glycosides, flavonoids, terpenoids and
tannins were also detected in the leaf extracts of P.
amboinicus collected from India, Egypt and Pahang,
Malaysia [39-47]. However, the absence of alkaloids and
saponins in this research were contrary as compared to the
previous reports [15, 39-47]. The dissimilarities of the
finding may be caused by the effect by different mineral
composition, soil type, temperature, light and water content
that give great influence on phytochemical contents of the
plant [48, 49].

Table 1. Preliminary phytochemical analysis of the leaf extracts of P. amboinicus

Crude extract

Phytochemical Test
n-Hexane Ethyl acetate Methanol

Flavonoids Ammonia test - +
Phenols Ferric chloride test - + +
Terpenoids Salkowski’s test + + +
Glycosides Fehling’s test - - +
Alkaloids Dragendroff’s test - - -
Saponins Foam test - - -
Tannins Braymer’s test - + +

-37-



Special Issue, 2023, 1, (34 - 41): 1% International BioMECs Symposium

Total Phenolic and Flavonoid Contents

The total phenolic content (TPC) of the n-hexane, ethyl
acetate and methanol extracts obtained from the leaf of P.
amboinicus was determined using the calibration curve of
standard gallic acid (y = 0.0043x +0.0501; R*=0.9953). The
TPC of all extracts at concentration of 1000 ng/mL were
tabulated in Table 2. The highest phenolic content was
observed in ethyl acetate extract (73.31 + 0.97 mg GAE/g),

followed by methanol (54.09 + 0.71 mg GAE/g), while the
lowest TPC was recorded in n-hexane extract (24.63 + 0.84
mg GAE/g extract). High phenolic content was also reported
for the ethyl acetate extract of leaf of P. amboinicus collected
from Mysore, India [50]. According to Mariod ef al. [51],
ethyl acetate extract was found to be more effective in
extracting low molecular weight compounds and high
molecular weight polyphenols and this might correspond to
the high TPC in ethyl acetate extract.

Table 2. Total phenolic and flavonoid contents of P. amboinicus leaf extracts

Crude extract

Total phenolic content (mg GAE/g)

Total flavonoid content (mg QE/g)

n-Hexane 24.63+0.84 56.65+0.85
Ethyl acetate 73.31+0.97 95.72 +0.80
Methanol 54.09 +£0.71 9.84 +0.69

The value was presented as mean + standard deviation of three replicate experiments; GAE = Gallic acid equivalent; QE = Quercetin

equivalent.

The total flavonoid content of all extracts of leaf of P.
amboinicus were calculated using a linear quercetin standard
curve (y = 0.0047x + 0.0011; R? = 0.9971). The obtained
results showed that the ethyl acetate extract exhibited the
highest flavonoids content (95.72 + 0.80 mg QE/g), followed
the n-hexane (56.65 £ 0.85 mg QE/g) and methanol (9.84 £
0.69 mg QE/g) extracts (Table 2). High flavonoid content
also reported for Salvia pomifera (Lamiaceae) leaf after
extracted using ethyl acetate [52]. Ethyl acetate is the solvent
typically used for less polar flavonoids extraction [53].
Therefore, most of the flavonoids in the leaves of P.
amboinicus were less polar or semi-polar in nature [54].

In a survey of earlier literature reports, it was found that
the amounts of phenolic and flavonoid compounds in this
present study were slightly varied than those of leaves
extracts from other regions, including India, Vietnam,
Poland and Egypt as well as Selangor, Malaysia [17, 47, 50,
55-59]. The difference values of these compounds could be
affected by several factors such as geographical variation,
genetic diversity, environmental conditions and post-harvest
techniques such as drying, storage and extraction methods
and solvents [9, 60].

DPPH Radical Scavenging Activity

The antioxidant activity of the leaf extracts of P. amboinicus
was determined by its capacity to scavenge DPPH free
radicals. The scavenging effect was represented as half
maximum inhibitory concentration (ICso) and percentage
inhibition (%) at a concentration of 1000 pg/mL, as indicated
in Table 3. Among all tested extracts, the methanol extract
(1% =57.10%, ICso = 878.37 ug/mL) possessed better DPPH
radical scavenging activity as compared to the ethyl acetate
extract (I% =51.72%, ICso = 984.60 pg/mL). However, both
extracts exhibited lower scavenging effect in comparison to
ascorbic acid (ICso = 29.87 ug/mL). Besides, the n-hexane
extract was found inactive against DPPH radicals, which
only gave a percentage of inhibition of 9.00%. The present
result was in agreement with the previous study by Swamy
et al. who also reported that the methanol leaf extract of P.
amboinicus from Selangor, Malaysia showed scavenging
properties against DPPH free radical [17]. The weak activity
demonstrated by the methanol and ethyl acetate extracts may
be due to the weak capacity of compounds in the extract to
donate hydrogen to the DPPH free radicals [61].

Table 3. DPPH free radical scavenging activity of the leaf extracts of P. amboinicus®

Sample
Antioxidant activity
n-Hexane Ethyl acetate Methanol Ascorbic acid®
Inhibition (%) 9.00 +£0.56 51.72 £ 0.40 57.10+0.33 94.96 +0.08
ICso (ng/mL) ND 984.60 + 8.74 878.37 +3.30 29.87 £0.81

®Values are mean =+ SD of three replicates; Ppositive control; ND = Not determined; Inhibition (%) at 1000 pg/mL
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CONCLUSIONS

The results of phytochemical analysis of P. amboinicus leaf
extract from different solvents suggested that the ethyl
acetate extract could be a good source of bioactive
phytochemicals due to the presence of a variety of
phytochemicals. High TPC and TFC in this extract may
contributed to its DPPH radical scavenging activity. Further
study on the isolation of therapeutically active compounds
with antioxidant activity from the potent extracts can be done
in the future in order to develop pharmaceuticals. The
toxicity assay of the extract is also warranted to determine
the safety of the plant.

ACKNOWLEDGEMENTS

The authors would like to thank Universiti Teknologi
MARA (UiTM) Cawangan Negeri Sembilan, Kampus Kuala
Pilah, Negeri Sembilan and Universiti Teknologi MARA
through  Lestari COVID Research  Grant (600-
RMC/LESTARI COVID/5/3 (039/2020)) for the financial
assistance.

CONFLICT OF INTEREST

The authors declare that there is no conflict of interests
regarding the publication of this manuscript.

REFERENCES

1. Senguttuvan, J., Paulsamy, S. and Karthika, K. (2014) Phytochemical
analysis and evaluation of leaf and root parts of the medicinal herb,
Hypochaeris radicata L. for in vitro antioxidant activities. Asian Pac.
J. Trop. Biomed. 4(Suppl 1), S359-S367.

2. Lourengo, S.C., Molddo-Martins, M. and Alves, V.D. (2019).
Antioxidants of natural plant origins: From sources to food industry
applications. Molecules 24(22), 14-16.

3. Sonam, K.S. and Guleria, S. (2017). Synergistic antioxidant activity
of natural products. Ann. Pharm. Pharm. 2(16), 1-6.

4.  Kebede, M. and Admassu, S. (2019). Application of antioxidants in
food processing industry: Options to improve the extraction yields and
market value of natural products. Adv. Food Technol. Nutr. Sci. Open
J. 5(2), 38-49.

5. Terefe, A.A. (2016). Extraction and characterization of antioxidant
from orange peels. M. Sc. Program in Process Engineering. Addis
Ababa University, Ethiopia. pp. 1-133.

6.  Arora, M. and Kaur, P. (2013). Phytochemical screening of orange
peel and pulp. Int. J. Res. Eng. Technol. 2(12), 517-522.

7. Shahidi, F. and Zhong, Y. (2010). Novel antioxidants in food quality
preservation and health promotion. Eur. J. Lipid Sci. Technol. 112(9),
930-940.

8.  Xu,D.P,Li Y., Meng, X., Zhou, T., Zhou, Y., Zheng, J., Zhang, J.J.
and Li, H. (2017). Natural antioxidants in foods and medicinal plants:
Extraction, assessment and resources. Int. J. Mol. Sci. 18(1), 20-31.

9. Aryal, S., Baniya, M.K., Danekhu, K., Kunwar, P., Gurung, R. and
Koirala, N. (2019). Total phenolic content, flavonoid content and

11.

12.

13.

14.

15.

18.

19.

20.

21.

22.

23.

24.

25.

-39-

antioxidant potential of wild vegetables from Western Nepal. Plants
8(4), 96.

Pietta, P.G. (2000). Flavonoids as antioxidants. J. Nat. Prod. 63, 1035-
1042.

Arumugam, G., Swamy, M.K. and Sinniah, U.R. (2016). Plectranthus
amboinicus (Lour.) Spreng: Botanical,  phytochemical,
pharmacological and nutritional significance. Molecules 21(4), 1-26.

Emy Sabrina, M.N., Razali, M., Mirfat, A.-H.S. and Mohd Shukri,
M.A. (2014). Antimicrobial activity and bioactive evaluation of
Plectranthus amboinicus essential oil. Am. J. Res. Commun. 2(212),
121-127.

Yuthistran, R., Balakrishnan, C. and Buddhan, R. (2015). Antibiotic
effect of leaf extract from Plectranthus amboinicus (Lour) Spreng in
asthma. Int. J. Adv. Innov. Res. 3(2), 430-432.

Lukhoba, C.W., Simmonds, M.S.J. and Paton, A.J, (2006)
Plectranthus: A review of ethnobotanical uses. J. Ethnopharmacol.
103, 1-24.

Akinbo, D.B., Onyeaghala, A.A., Emomidue, J.O., Ogbhemhe, S.O.
and Okpoli, H.C. (2018). Phytochemical and anti-inflammatory
activities of aqueous leaf extract of Indian borage (oregano) on rats
induced with inflammation. Cancer Biomark. 22(2), 257-265.

Ashaari, N.S., Mohamad, N.E., Afzinizam, A.H., Rahim, M.H.A., Lai,
K.S. and Abdullah, J.O. (2021). Chemical composition of hexane-
extracted Plectranthus amboinicus leaf essential oil: Maximizing
contents on harvested plant materials. Appl. Sci. 11(22), 1083.

Swamy, M.K., Arumugam, G., Kaur, R., Ghasemzadeh, A., Yusoff,
M.M. and Sinniah, U.R. (2017). GC-MS based metabolite profiling,
antioxidant and antimicrobial properties of different solvent extracts
of Malaysian Plectranthus amboinicus leaves. Evid.-based
Complement. Altern. Med. 2017, 1-10.

Bhatt, P., Joseph, G.S., Negi, P.S. and Varadaraj, M.C. (2013).
Chemical composition and nutraceutical potential of Indian borage
(Plectranthus amboinicus) stem extract. J. Chem. 2013, 1-7.

Hasibuan, P.A.Z., Rosidah, Ilyas, S. and Nasution, M.P. (2013).
Antioxidant and cytotoxic activities of Plectranthus amboinicus
(Lour.) Spreng. extracts. Int. J. Pharm. Teach. Pract. 4(3), 755-758.

Narayani, M., Subanthini, A. and Jayakumar, M. (2011).
Antimicrobial activity and phytochemical analysis of Citrus fruit
peels-Utilization of fruit waste. Int. J. Eng. Sci. Technol. 3(6), 5414-
5421.

Jeyaseelan, E.C. and Jashothan, P.T.J. (2012). In vitro control of
Staphylococcus aureus (NCTC 6571) and Escherichia coli (ATCC
25922) by Ricinus communis L. Asian Pac. J. Trop. Biomed. 2(9),
717-721.

Rao, U.M., Abdulrazak, M. and Mohd, K.S. (2016). Phytochemical
screening, total flavonoid and phenolic content assays of various
solvent extracts of tepal of Musa paradisiaca. Malaysian J. Anal. Sci.
20(5), 1181-1190.

Anand, S.P. and Deborah, S.D. (2017). Preliminary phytochemical
screening of wild edible fruits from Boda and Kolli hills. J. Med.
Herbs Ethnomed. 3, 8-12.

Ezeonu, C.S. and Ejikeme, C.M. (2016). Qualitative and quantitative
determination of phytochemical contents of indigenous Nigerian
softwoods. New J. Sci. 2016, 1-9.

Mondal, S., Hossain, I. and Islam, N. (2017). Phytochemical screening
of ethanolic extract of leaves and stems of Cucubita pepo Linn. Int. J.
Chem. Stud. 1(2), 32-34.



26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Special Issue, 2023, 1, (34 - 41): 1% International BioMECs Symposium

Kumar Bargah, R., (2015). Preliminary test of phytochemical
screening of crude ethanolic and aqueous extract of Moringa
pterygosperma Gaertn. J. Pharmacogn. Phytochem. 4(1), 7-9.

Shaikh, J.R. and Patil, M. (2020). Qualitative tests for preliminary
phytochemical screening: An overview. Int. J. Chem. Stud. 8(2), 603-
608.

Romes, N.B., Hamid, M.A., Hashim, S.E. and Wahab, R.A. (2019).
Statistical modelling of ultrasonic-aided extraction of Elaeis
guineensis leaves for better-quality yield and total phenolic content.
Indones. J. Chem. 19(3), 811-826.

Bhaigyaba, T., Bag, G.C. and Grihanjali Devi, P. (2015). Assessment
of total flavonoid content and antioxidant activity of methanolic
rhizome extract of three Hedychium species of Manipur valley. Int. J.
Pharm. Sci. Rev. Res. 30(1), 154-159.

Bhandari, L. and Rajbhandari, M. (2015). Isolation of quercetin from
flower petals, estimation of total phenolic, total flavonoid and
antioxidant activity of the different parts of Rhododendron arboreum
Smith. Scientific World, 12(12), 34-40.

Jani, N.A., Ahmad Azizi, N.A. and Aminudin, N.I. (2020).
Phytochemical screening and antioxidant activity of Psidium guajava.
Malaysian J. Anal. Sci. 24(2), 173-178.

Igbal, E., Salim, K.A. and Lim, L.B.L. (2015). Phytochemical
screening, total phenolics and antioxidant activities of bark and leaf
extracts of Goniothalamus velutinus (Airy Shaw) from Brunei
Darussalam. J. King Saud Univ. Sci. 27(3), 224-232.

Yang, W., Chen, X., Li, Y., Guo, S., Wang, Z. and Yu, X. (2020).
Advances in pharmacological activities of terpenoids. Nat. Prod.
Commun. 15(3), 1-13.

Khanam, Z., Wen, C.S. and Bhat, LU.H. (2015). Phytochemical
screening and antimicrobial activity of root and stem extracts of wild
Eurycoma longifolia Jack (Tongkat Ali). J. King Saud Univ. Sci.
27(1), 23-30.

Dziato, M., Mierziak, J., Korzun, U., Preisner, M., Szopa, J. and
Kulma, A. (2016). The potential of plant phenolics in prevention and
therapy of skin disorders. Int. J. Mol. Sci. 17(2), 1-41.

Alam, S., Rashid, M.A., Sarker, M.M.R., Emon, N.U., Arman, M.,
Mohamed, I.N. and Haque, M.R. (2021). Antidiarrheal, antimicrobial
and antioxidant potentials of methanol extract of Colocasia gigantea
Hook. f. leaves: Evidenced from in vivo and in vitro studies along with
computer-aided approaches. BMC Complement. Med. Ther. 21(1), 1-
12.

Cavia-Saiz, M., Busto, M.D., Pilar-Izquierdo, M.C., Ortega, N., Perez-
Mateos, M. and Muiiiz, P. (2010). Antioxidant properties, radical
scavenging activity and biomolecule protection capacity of flavonoid
naringenin and its glycoside naringin: A comparative study. J. Sci.
Food Agric. 90(7), 1238-1244.

Mekonnen, B., Asrie, A.B. and Wubneh, Z.B., (2018). Antidiarrheal
activity of 80% methanolic leaf extract of Justicia schimperiana.
Evid.-based Complement. Altern. Med. 2018, 1-10.

Duraisamy, P., Manikandan, B., Koodalingam, A., Munusamy, A. and
Ramar, M., (2021). Anti-inflammatory, anti-nociceptive and anti-
oxidant activities of carvacrol containing leaf extracts of edible Indian
borage plant Plectranthus amboinicus: An in vivo and in vitro
approach. Comp. Clin. Path. 30(3), 397-413.

El-Hawary, S.S., El-sofany, R.H., Abdel-monem, A.R. and Ashour,
R.S. (2012). Phytochemical screening, DNA fingerprinting, and
nutritional value of Plectranthus amboinicus (Lour.) Spreng.
Pharmacogn. J. 4(30),2010-2013.

Magesh, R., Poorani, R.M., Karthikeyan, V., Sivakumar, K. and
Mohanapriya, C. (2015). Proportionate phytochemical screening and

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

- 40 -

assessment of antioxidant potency on selected species of Lamiaceae
family. Int. J. Pharmacogn. Phytochem. Res. 7(5), 1066-1072.

Manimekalai, K., Srinivasan, P., Dineshbabu, J., Guna, G. and
Teepica Priya Darsini, D. (2016). Anti-biofilm efficacy of
Plectranthus amboinicus against Streptococcus pyogenes isolated
from pharyngitis patients. Asian J. Pharm. Clin. Res. 9(4), 348-354.

Patel, R.D., Mahobia, N.K., Singh, M.P., Singh, A., Sheik, N-W.,
Alam, G. and Singh, S. (2010). Antioxidant potential of leaves of
Plectranthus amboinicus (Lour) Spreng. Der Pharm. Lett. 2(2), 208-
220.

Patel, R.D., Mahobia, N.K., Waseem, N., Upwar, N. and Singh, S.
(2010).  Phyto-physicochemical investigation of leaves of
Plectranthus amboinicus (Lour) Spreng. Pharmacogn. J. 2(13), 536-
542.

Paramasivam, D., Balasubramanian, B., Park, S., Alagappan, P., Kaul,
T., Liu, W. and Pachiappan, P. (2020). Phytochemical profiling and
biological activity of Plectranthus amboinicus (Lour.) mediated by
various solvent extracts against Aedes aegypti larvae and toxicity
evaluation. 4sian Pac. J. Trop. Med. 13(11), 494-502.

Ramli, N., Ahamed, P.O., Elhady, HM. and Taher, M. (2014).
Antimalarial activity of Malaysian Plectranthus amboinicus against
Plasmodium berghei. Pharmacogn. Res. 6(4), 280-284.

Wadekar, R.R., Wani, N.S., Bagul, U.B., Bagul, S.D. and Bedmutha,
R. K. (2011). Phytochemical investigation and screening of in vitro
anthelmentic activity of Plectranthus amboinicus leaves extracts. Int.
J. Pharmacogn. Phytochem. Res. 3(2), 35-38.

Borokini, T.I and Ayodele, A.E. (2012). Phytochemical screening of
Tacca leontopetaloides (L.) Kuntze collected from four geographical
locations in Nigeria. Int. J. Mod. Bot. 2(4), 97-102.

Li, H. Tsao, R. and Deng, Z. (2012). Factors affecting the antioxidant
potential and health benefits of plant foods. Can. J. Plant Sci. 92,
1101-1111.

Bhatt, P. and Negi, P.S. (2012). Antioxidant and antibacterial
activities in the leaf extracts of Indian borage (Plectranthus
amboinicus). Food Nutr Sci. 3(02), 146-152.

Mariod, A.A., Ibrahim, R.M., Ismail, M. and Ismail, N. (2009).
Antioxidant activity and phenolic content of phenolic rich fractions
obtained from black cumin (Nigella sativa) seedcake. Food Chem.
116(1), 306-312.

Duleti¢-Lausevié¢, S.N., Aradski, A.Z.A., Kolarevi¢, S.M., Vukovi¢-
Gaci¢, B.S., Oalde, M.M. and Marin, P.D. (2018). Biological activities
of Cretan Salvia pomifera extracts. Bot. Serb. 42(2), 209-216.

Grigonis, D., Venskutonis, P.R., Sivik, B., Sandahl, M. and Eskilsson,
C.S. (2005). Comparison of different extraction techniques for
isolation of antioxidants from sweet grass (Hierochloé odorata). J.
Supercrit. Fluids. 33(3), 223-233.

Thavamoney, N., Sivanadian, L., Tee, L.H., Khoo, H.E., Prasad, K.N.
and Kong, K.W. (2018). Extraction and recovery of phytochemical
components and antioxidative properties in fruit parts of Dacryodes
rostrata influenced by different solvents. J. Food Sci. Technol. 55(7),
2523-2532.

Sulaiman, C.T., Deepak, M. and Balachandran, 1. (2018).
Spectrophotometric and tandem mass spectroscopic analysis of Indian
borage (Plectranthus amboinicus (Lour.) Spreng.) for its
polyphenolics characterization. Beni-Suef Univ. J. Basic Appl. Sci.
7(4), 471-473.

Nguyen, N.Q., Minh, L.V, Trieu, L.H., Bui, L.M., Lam, T.D., Hieu,
V.Q., Khang, T.V. and Trung, L.N.Y. (2020). Evaluation of total
polyphenol content, total flavonoid content and antioxidant activity of



57.

58.

Special Issue, 2023, 1, (34 - 41): 1% International BioMECs Symposium

Plectranthus amboinicus leaves. IOP Conf. Ser.: Mater. Sci. Eng.
736(6), 1-5.

Rajesh, V. and Gayathri, K. (2015). Angiogenesis modulation by
Plectranthus  amboinicus leaf extract and its fractions on
chorioallantoic membrane and tumor induced angiogenesis. Orient.
Pharm. Exp. Med. 15(4), 257-276.

Kozlowska, M., Scibisz, 1., Przybyl, J.L., Ziarno, M., Zbikowska, A.
and Majewska, E. (2021). Phenolic contents and antioxidant activity
of extracts of selected fresh and dried herbal materials. Polish J. Food
Nutr. Sci. 71(3), 269-278.

_41 -

59.

60.

61.

El-Hawary, S.S., El-Sofany, R.H., Abdel-Monem, A.R., Ashour, R.S.
and Sleem, A. A. (2012). Polyphenolics content and biological activity
of Plectranthus amboinicus (Lour.) Spreng growing in Egypt
(Lamiaceae). Pharmacogn. J. 4(32), 45-54.

Baltacioglu, C., Velioglu, S. and Karacabey, E. (2011). Changes in
total phenolic and flavonoid contents of rowanberry fruit during
postharvest storage. J. Food Qual. 34, 278-283.

Aazza, S., Lyoussi, B. and Miguel, M.G. (2011). Antioxidant and
antiacetylcholinesterase activities of some commercial essential oils
and their major compounds. Molecules. 16(9), 7672-7690.



	The Official Publication of The Malaysian Society For Biochemistry & Molecular Biology (MSBMB)

