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Abstract 
Araucaria heterophylla (Salisb.) Franco (Araucariaceae) is found all over the country mostly for 
ornamental purposes. It is widely used as an antiseptic, emollient and in the treatment of ulcers, 
rheumatism, toothache as well as respiratory infection. The present study was aimed to investigate GC-
MS analysis, in vitro antioxidant activity and antimicrobial activity of ethanolic leaf extract of A. 
heterophylla (Salisb.) Franco (EAH). EAH was investigated by the GC-MS electron impact ionization 
(EI) method on a GC-2010 Plus gas chromatograph coupled to a GCMS-QP2010 Ultra mass 
spectrometer. In vitro antioxidant activity was evaluated by DPPH free radical scavenging assay along 
with the determination of total phenolic content (TPC) and total flavonoid content (TFC). Antimicrobial 
activity screening was performed by agar disc diffusion method against two Gram-positive 
(Staphylococcus aureus and Bacillus megaterium) and two Gram-negative bacteria (Escherichia 
coli and Salmonella typhi) as well as a fungal strain (Trichoderma harzianum). Nine phytoconstituents 
were identified with the maximum concentration of 2,2,4-Trimethyl-3-pentanol. TPC of EAH was 
determined at 193.46 ± 4.93 mg GAE/g, whereas TFC was found at 560.16 ± 64.97 mg QE/g. 
Percentage (%) DPPH free radical scavenging by EAH was found in a dose-dependent manner. The IC50 

value was calculated by regression analysis, and the value of ascorbic acid and EAH was found at 8.05 
and 33.17 μg/ml, respectively. Antimicrobial activity was expressed in terms of the zone of inhibition 
which was found against S. aureus, B. megaterium, E. Coli, S. typhi and T. harzianum 29.87 ± 1.86, 
20.60 ± 1.93, 37.63 ± 3.56, 20.43 ± 2.38, 13.20 ± 1.71 mm, respectively. The findings indicate this plant 
could be a potential source for drug development. 
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Introduction 
 For the past sixty thousand years, people have 
been using plants as an alternative form of medicine 
(Yuan et al., 2016). The WHO estimates that 
traditional medicine is used by about 80% of people 
globally (Farnsworth et al., 1985). Approximately 
25% of prescription drugs are derived from plants 
worldwide (Rates, 2001). Herbal medicine provides 
primary healthcare for almost 75% of our population 
(BFTI, 2016). 
 The Norfolk Island pine, or Christmas tree plant, 
is an Australian native known as Araucaria 

heterophylla (Salisb.) Franco (Araucariaceae) (Patil 
et al., 2013; Verma et al., 2014). It has been planted 
all across Bangladesh, mostly as an aesthetic. Its 
primary distribution regions include Venezuela, El 
Salvador, Ecuador, China, Belize and Honduras 
(Aslam et al., 2013). Araucaria species are used as 
antiseptic, emollient and for treating several 
traditional illnesses, including rheumatism, ulcers, 
amenorrhea, toothaches and respiratory infections 
(Bussmann, 2008; Abd-ElGawad et al., 2023). The 
essential oils from Araucaria plants have a high 
terpenoid concentration. For the GC-MS study of A. 
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heterophylla (Salisb.) Franco's essential oil, few 
investigations have been conducted (Abd-ElGawad   
et al., 2023; Elshamy et al., 2020). Its resin oil has 
been reported to possess cytotoxic (Elkady and 
Ayoub, 2018), anti-ulcerogenic (Sattar et al., 2009), 
antibacterial (Verma et al., 2014), antioxidant activity 
(Abd-ElGawad et al., 2023) and anti-inflammatory 
activities (Elshamy et al., 2020). The majority of the 
research that is currently accessible has been carried 
out on this plant's essential resin oil. The biological 
and GC-MS profiling of the alcoholic extract has not 
yet been investigated. So, the aim of the present study 
was to perform GC-MS analysis, in vitro antioxidant 
activity evaluation with TPC and TFC measurement, 
and antimicrobial screening of ethanolic leaf extract 
of A. heterophylla (Salisb.) Franco. 
 
Materials and Methods 
 Solvents and reagents: For this experiment, 
analytical grade reagents and solvents were utilized. 
DPPH (Sigma-Aldrich, Germany), Folin & 
Ciocalteus Phenol (FCP) Reagent (SRL, India), 
aluminium chloride, ascorbic acid (RL, India), 
quercetin hydrate (Aldrich, India), gallic acid (RL, 
India), sodium carbonate anhydrous, potassium 
acetate, (Merk, India), absolute ethanol (99.9%) 
(Changshu Hongsheng Fine Chemical, China) were 
used. 
 Plant collection and preparation: A. 
heterophylla (Salisb.) Franco leaves were collected 
from Narayanganj, Bangladesh in December 2022. 
The Bangladesh National Herbarium (BNH) 
identified and verified the plant. For further 
reference, a voucher specimen (DACB-87368) was 
submitted to BNH. The collected leaves were 
dedusted and washed with demineralized water, 
shade dried with proper air flow for 15 days. The 
dried leaves were ground into a coarse powder using 
a high-speed grinder. Till they were needed again, 
ground leaves were kept in an airtight polybag. 
 Extraction of plant material: Approximately 1.5 
L of ethanol was used to soak 615 g of coarsely 
powdered A. heterophylla (Salisb.) Franco leaves for 
13 days, with periodic shaking and stirring. After 

cold extraction, the mixture was vacuum-filtered 
using Whatman No. 1 filter paper. A rotary 
evaporator was used to evaporate the filtrate at low 
pressure and temperature (below 50 oC). After that it 
was kept for air drying, which resulted in viscous 
crude extract. Percentage of yield was calculated as 
following: 

݈݀݁݅ݕ % =  
ݐܿܽݎݐݔ݁ ݁݀ݑݎܿ ݈ܽܿ݅ݐܿܽݎ݌݂݋ ݏݏܽ݉

× ݎ݁݀ݓ݋݌ ݈ܽ݅ݐ݅݊݅ ݂݋ ݏݏܽ݉ 100% 

 GC-MS analysis: EAH was analyzed using the 
Shimadzu GC-2010 Plus gas chromatograph and 
Shimadzu GCMS-QP2010 Ultra mass spectrometer 
via the GC-MS electron impact ionization method. 
An HS-5MS fused capillary column of 5% phenyl-
95% methylpolysiloxane (film: 0.25 m, length: 30 m, 
diameter: 0.25 mm) was fitted with the gas 
chromatograph. The following was the programming 
for GC's parameters: temperature at inlet: 250oC; 
temperature in oven: started at 40oC for one minute, 
then increased to 200oC for ten minutes (at a rate of 
10oC/min); carrier gas (Helium, at continuous 
pressure of 9.7 kPa), flow rate: 0.54 ml/min; a split 
ratio of 50 was used to administer the samples. 
Chloroform was used to dissolve the sample. For the 
chromatographic analysis, the total retention duration 
was 37 minutes. The following were the MS settings 
set: interface temperature: 450oC ; ion source 
temperature: 200oC; acquisition mode: scan mode; 
mass range: 50–1000 m/z.  
 
Antioxidant activity evaluation  
 Determination of total phenolic content: Total 
phenolic content (TPC) of EAH was determined 
using the Folin-Ciocalteu reagent (FCR) following 
the method of Velioglu et al. (1998). FCR, a mixture 
of phosphomolybdate and phosphotungstate, 
facilitates a colorimetric assay for phenolic 
antioxidants (Singleton et al. 1999). The assay 
measures the ability of the sample to prevent FCR 
oxidation (Vinson et al., 2005). 1 ml plant extract 
(100 μg/ml) or standard solution (6.25-100 μg/ml) 
was mixed with 5 ml of 10-fold diluted FCR and 4 ml 
of 7.5% sodium carbonate. After incubation 
(standard: 30 min; extract: 1 hr) at room temperature, 



 Bangladesh Pharmaceutical Journal 28(2): 175-183, 2025 (July) 177 

absorbance at 765 nm was recorded using a UV-
Visible spectrophotometer against the blank. The 
TPC was calculated in gallic acid equivalents (GAE) 
per gram of dry extract by using the calibration 
curve. 
 Determination of total flavonoid content: Total 
flavonoid content (TFC) was determined using the 
aluminum chloride colorimetric method (Wang and 
Jiao, 2000). One ml plant extract (100 μg/ml) or 
standard solution (6.25-200 μg/ml) was mixed with 3 
ml ethanol, 200 μl potassium acetate (1M), 10 ml 
aluminum chloride solution (10% w/v), and 5.6 ml 
distilled water. The mixture was incubated for 30 
minutes at room temperature. Absorbance at 415 nm 
was measured using a UV-Visible spectrophotometer 
against the blank. TFC in EAH was calculated in 

quercetin equivalents (QE) per gram of dry extract 
using the calibration curve. 
 DPPH free radical scavenging assay: DPPH free 
radical scavenging assay was conducted following 
the method of Braca et al. (2001), with modifications 
by Xiao et al. (2020). One milliliter of plant extract 
or standard solution (6.25-200 μg/ml) was mixed 
with 2 ml of 0.004% DPPH solution. A control was 
prepared using 2 ml of 0.004% DPPH and 1 ml 
ethanol, without ascorbic acid or extract. The 
mixtures were incubated in the dark at room 
temperature for 30 minutes, and absorbance was 
measured at 517 nm. The percentage of DPPH radical 
scavenging was calculated using the following 
formula: 

 

ݕݐ݅ݒ݅ݐܿܣ ݃݊݅݃݊݁ݒܽܿܵ % =
݈݋ݎݐ݊݋ܿ ℎ݁ݐ ݂݋ ܾܿ݊ܽݎ݋ݏܾܣ − ݈݁݌݉ܽݏ ݐݏ݁ݐ ℎ݁ݐ ݂݋ ܾ݁ܿ݊ܽݎ݋ݏܾܣ

݈݋ݎݐ݊݋ܿ ℎ݁ݐ ݂݋ ܾ݁ܿ݊ܽݎ݋ݏܾܣ  × 100 

 
 The IC50 value was determined using logarithmic 
regression analysis of inhibition percentages versus 
concentrations. 
 Antimicrobial screening: The antimicrobial 
assay was performed using the disc diffusion 
technique (Barry, 1980; Bauer et al., 1966; Hussain 
et al., 2008). The antibacterial activity of EAH (300 
μg/disc) was evaluated against four pathogenic 
bacterial strains (Staphylococcus aureus (cars-2), 
Bacillus megaterium (BTCC-18), Salmonella typhi 
(K-323130), and one fungal strain (Trichoderma 
harzianum (carsm-2)). The diameter of the zone of 
inhibition was measured after the fungus and bacteria 
were cultured for 48 hours at 25°C and 24 hrs at 
37°C, respectively. 
 
Result and Discussion 
 Percentage (%) of yield of crude extract: A. 
heterophylla (Salisb.) Franco leaf powder was 
extracted using ethanol using a cold extraction 
method. A yield percentage of 3.41% was determined 
(Table 1). 
 
 
 

Table 1. Crude extract yield value as a percentage 
 

Plant used Powder 
weight (g) 

Extract 
obtained (g) 

Yield 
(%) 

A. heterophylla 615 21 3.41 

 

 GC-MS analysis: GC-MS analysis of extract 
provides valuable information about 
phytoconstituents present in the sample. Using NIST 
database of the mass spectrum, the GC-MS analysis 
was interpreted. Nine (09) components from EAH 
were identified and quantified by the GC-MS 
analysis (Table 3).  
 
Antioxidant activity evaluation  
 Determination of total phenolic content (TPC): 
The FCR was used to determine the TPC of the EAH, 
which was then represented as GAE/g plant extract. 
TPC was calculated using the standard curve of gallic 
acid (y = 0.0155x + 0.0868, R² = 0.9982) (figure 1).  
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Table 2.  Chemical structures of constituents of EAH identified by GC–MS analysis 
 

Sl. 
No. 

Name of constituent Molecular 
weight 

Molecular 
formula 

Chemical structure 

1. 2,2,4-Trimethyl-3-pentanol 130 C8H18O 

 
2. Methdilazine 296 C18H20N2S 

 
3. (5E)-1-Allyl-5-(3,4-

dihydroxybenzylidene)-
2,4,6(1H,3H,5H)-
pyrimidinetrione 

288 C14H12N2O5 

 
4. Pregnane-11,20-dione, 17-

hydroxy-3,21-
bis[(trimethylsilyl)oxy]-, 20-
(O-methyloxime), 
(3.alpha.,5.beta.) 

537 C28H51NO5S
i2 

 
5. Decanoic acid, 

1,1a,1b,4,4a,5,7a,7b,8,9-
decahydro-4a,7b-dihydroxy-
1,1,6,8- tetramethyl-5-oxo-3-
[[(1-oxodecyl)oxy]methyl]-
9aH-
cyclopropa[3,4]benz[1,2-
e]azulene-9,9a-diyl ester, 
[1aR-
(1a.alpha.,1b.beta.,4a.beta.,7
a.alpha.,7b.alpha.,8.alpha.,9.
beta.,9a.alpha.)]- 

826 C50H82O9 

 
6. 7-Bromo-2,3-dihydro-5-

phenyl-1H-1,4-
benzodiazepin-2-thione 
 
 
 

330 C15H11BrN2
S 

 

7. 9,12,15-Octadecatrienoic 
acid, 2-[(trimethylsilyl)oxy]-
1- 
[[(trimethylsilyl)oxy]methyl]
ethyl ester, (Z,Z,Z)- $$ 2-
[(Trimethylsilyl)oxy]-1- 
([(trimethylsilyl)oxy]methyl)
ethyl (9E,12E,15E)-9,12,15-
octadecatrienoate 

496 C27H52O4Si2 
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8. Undecanoic acid, 11-bromo-, 
trimethylsilyl ester 

336 C14H29BrO2
Si 

 
9. 2H-Tetrazole-5-carboxylic 

acid, 2-(3-chlorophenyl)-, 
ethyl ester  

252 C10H9ClN4O
2 
 

 
 

 
Figure 1. Calibration curve of gallic acid for determination of TPC. 

 

 
Figure 2. Calibration curve of Quercetin for determination of TFC. 

 
 Polyphenols' antioxidant characteristics result 
from their capability of hydrogen or electron 
donation (Dhakar et al., 2019). The present study's 
findings showed that the EAH equivalent to GAE had 

a high phenolic content (193.46 ± 4.93 mg/g). The 
substantial phenolic quantity suggests that the EAH 
has good antioxidant properties  
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 Determination of total flavonoid content (TFC): 
The TFC of EAH was determined using the 
colorimetric technique with aluminum chloride. 
Utilizing the quercetin standard curve (y = 0.0083x - 
0.0296, R² = 0.9991), the TFC were computed and 
represented as QE/g of plant extract (Figure 2). 
Flavonoids are recognized for their antioxidant 
characteristics. The amount of flavonoids and the 
ability of plant extracts to serve as antioxidants have 
been discovered to be positively correlated. The 
present study's EAH shows a higher flavonoid 
quantity (560.16 ± 64.97 mg/g) which is in 

agreement with Manalo et al, (2020). According to 
the findings, EAH exhibit greater antioxidant 
properties in relation to their overall flavonoid 
concentration. 
DPPH free radical scavenging assay: EAH contains 
high amount of polyphenols (193.46 ± 4.93 mg/g) 
and flavonoid (560.16 ± 64.97 mg/g). Polyphenols 
and flavonoid possess antioxidant activity. 
(Škrovánková et al., 2020; Frei & Higdon, 2003). 
The results showed that EAH had higher antioxidant 
capacities relative to their total concentration of 
flavonoids and polyphenols. 

 

 
Figure 3. DPPH free radical scavenging assay 

 
 IC50 value of the EAH was 33.17 μg/ml, which is 
good antioxidant activity compared to standard 
ascorbic acid, 8.05 μg/ml (figure 3). High TPC and 
TFC are correlated with antioxidant activity. 
 
Antimicrobial activity screening  
 Antibacterial activity: Two Gram-positive and 
two Gram-negative bacteria were tested for 
antibacterial activity using EAH at a concentration of 
300 μg/disc. EAH showed potential antibacterial 
activity against all test bacterial (Table 3). 
 
 

Table 3. Antibacterial potential of EAH 
 

Test organism Zone of inhibition (mm) 

S. aureus  29.87 ± 1.86 

B. megaterium 20.60 ± 1.93 

E. coli   37.63 ± 3.56 

S. typhi 20.43 ± 2.38 

 
 Antifungal activity: EAH at 300 μg/disc was 
screened for antifungal activity against Trichoderma 
harzianum. It showed good level of antifungal 
activity (13.20 ± 1.71 mm zone of inhibition). 
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 Maximum inhibition was found against E. coli, 
whereas minimum against S. typhi. GC-MS analysis 
confirmed the presence of methdilazine having 
antibacterial activity (Chakrabarty et al., 1993; 
Lagadinou et al., 2020) in EAH. Flavonoids, which 
are widely recognized as functioning as antibacterial 
agents against a variety of pathogenic 
microorganisms, are abundant in EAH (Xie et al., 
2015; Farhadi et al., 2019). Methdilazine with a high 
concentration of flavonoids may be the cause of the 
antibacterial activity that was discovered. Human 
pathogenic Gram-positive bacteria known as S. 
aureus are highly prevalent and are implicated in a 
wide range of infectious illnesses, such as 
pneumonia, bacteremia, osteomyelitis, endocarditis, 
and infections of the skin and soft tissues. Its 
medication resistance has been steadily increasing 
(Guo et al., 2020). Meningitis and bacteremia may 
also have B. megaterium, another Gram-positive 
bacterium, as an etiologic component (Bocchi et al., 
2020).  According to Allocati et al. (2013), the most 
common gram-negative bacteria, E. coli, is the 
primary cause of septicemia, enteritis, UTIs, and 
other severe disorders such neonatal meningitis. One 
of the main risks to the healthcare sector is the rising 
resistance of E. coli (Rodrigo, 2020).  One of the 
most common bacterial diseases in the world is 
caused by S. typhi. It is becoming more resistant to 
many kinds of β-lactam antibiotics (Mina et al., 
2023). The observed antibacterial activity is in 
agreement with the study performed by Goud et al. 
(2017). The findings suggest that A. heterophylla 
(Salisb.) Franco may have the potentiality for acting 
as a source for developing newer antibiotic. In 
patients receiving peritoneal dialysis and 
hematological malignancies, T. harzianum induces 
invasive fungal infections (Sal et al., 2022). The high 
concentration of flavonoids and polyphenols may be 
the cause of the observed antifungal action (Cushnie 
et al., 2005; Orhan et al., 2010; Daglia, 2012). The 
findings suggest that A. heterophylla (Salisb.) Franco 
might be potential source for developing newer 
antifungal drug. 
 

Conclusion 
 Management of oxidative stress related diseses 
like diabetes, cancer and neurodegenerative disorder 
has becmome more challenging. Antimicriobial 
resistance is a global threat to the health sector. This 
research study was designed to evaluate antioxidant 
potenitial and antimicrobial acvtitiy of EAH for the 
hope of finding the source of new drugs. GC-MS 
analysis revealed nine constituents present in the 
EAH. Polyphenols have the potentilaity to fight 
against cardiovascular diseases, diabetes, cancer and 
neurodegenerative disorders. TPC and TFC of the 
EAH might be beneficial for managing the aforesaid 
disorders. Findings of antibacterial and antifungal 
disc diffusion assay might contribute to fighting the 
rapidly rising antimicrobial resistance. However, 
further research studies are required on these 
perspectives. 
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