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Highlights

• Hambantota belonging to dry zone has the most stressful environmental conditions from the three locations.

• Total polyphenolic content of Hamb-ME shows 180-200% higher activity compared to other locations.

• Brine shrimp lethality of all extracts of Hambantota shows relatively higher toxicity.

• Bioactivity is influenced by environmental stress which reflects higher production of secondary metabolites.
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Abstract: Dendrophthoe falcata (L.f.) Ettingsh (Loranthaceae 
family) is a hemiparasite which has many medicinal applications 
and grows on a variety of hosts. Bioactivity of the hemiparasite 
shows a great host dependence, where it contains high antioxidant 
activity coupled with high toxicity when grown on the host 
Limonia acidissima. This study aimed to investigate the impact of 
environmental conditions on the bioactivity of the hemiparasite 
grown on L. acidissima (Rutaceae family), as the environmental 
stress may play a determining role in the production of secondary 
metabolites in a plant. The hemiparasite grown in Hambantota 
(Hamb – dry zone), Kurunegala (Kuru – intermediate zone) and 
Ambalantota (Amba – dry zone), were selected for this study. 
Sequential extracts by Soxhlet method from hexane (HE), ethyl 
acetate (EAE) and methanol (ME) were compared for antioxidant 
activity, polyphenolic content, toxicity and alkaloid content 
determined by DPPH, Folin-Ciocalteu, brine shrimp lethality 
and acid-base assays respectively. Antioxidant activity was 
approximately 40% higher for Kuru-ME compared to Hamb-ME 
and Amba-ME. A significant 180 - 200% higher polyphenolic 
content was observed for Hamb-ME compared to the Amba-ME 
and Kuru-ME. Toxicity studies revealed that Hamb-EAE is 43% 
and 29% more toxic than Kuru-EAE and Amba-EAE. The alkaloid 
content of Hamb-ME showed the highest percentage with a less 
significant difference between the extracts of other two locations. 
On average, among the three locations, extracts of Kurunegala, 
Ambalantota and Hambantota showed the least, intermediate 
and highest bioactivities respectively experiencing the least, 
intermediate and most environmental stressed conditions. Hence, 
it can be concluded that the bioactivity is influenced by the 
environmental stress due to the impact of governing the secondary 
metabolites produced by Dendrophthoe falcata. 

Keywords: Bioactivities; Dendrophthoe falcata; environmental 
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INTRODUCTION

Nature bears the capability of producing new potential 
therapeutic compounds due to its tremendous species 
diversity that results in a vast chemical variety. Out of the 
millions of species of plants, animals, marine organisms and 
microorganisms, almost all bear biosynthetic compounds 
comprising medicinal values (Rocha  et al., 2001). 

Dendrophthoe falcata (L.f.) Ettingsh is one of 
the large branched hemiparasitic plants that belongs to the 
Loranthaceae family of mistletoes. Several plant hosts are 
reported for the hemiparasites such as Mangifera indica,  
Calotropis gigantean, Tamarindus indicus, Shorea robusta, 
Artocarpus heterophyllus, Swietenia fabrilis and Limonia 
acidissima (Dashora et al., 2011a; Haque et al., 2014;  
Priya  et al., 2016; Karunaratne and Uduwela, 2020) The 
genus Dendrophthoe comprises about 31 species spread 
across tropical Africa, Asia, and Australia. It is indigenous 
to Sri Lanka, India, China, Thailand, Australia, Malaysia, 
Myanmar and Bangladesh. D. falcata is reported for 
numerous medicinal applications where aerial parts, leaves 
and bark of D. falcata contain several biologically active 
compounds representing antioxidant activity, anti-diabetic 
activity, cytotoxicity, antitumor activity, wound healing 
ability and antifertility activity (Pattanayak et al., 2008; 
Dashora et al., 2011a, 2011b). Further, the bioactivity of 
the hemiparasite has proven to show a great dependence 
on the host it grows on (Karunaratne and Uduwela, 2020).

In addition to the host dependence of the 
hemiparasite, the production of secondary metabolites in 
a plant can vary due to internal factors such as plant parts 
and biochemical factors as well as external factors such as 
geographical location, climate, nature of the soil, salinity, 
wind, radiation, pollutants, heavy metals, pesticides, 
season and growth conditions (Pavarini et al., 2012; 
Sampaio et al., 2016). Several studies have reported the 
increased production of secondary metabolites upon the 
exposure to greater environmental stress. This is due to 
the external pressure acting on the plant that can affect the 
secondary metabolic pathways and trigger the production 
of secondary metabolites to prepare the plant species to face 
adverse environmental conditions to ensure its survival. 
(Arumugam et al., 2015; Sampaio et al., 2016). This study 
focuses on assessing the variation of bioactivity of D. 
falcata grown on Limonia acidissima (wood apple) in three 
locations belonging to different environmental regions 
of Sri Lanka as each region experiences comparatively 
diverse environmental stress, which could have an effect on 
the production of secondary metabolites and in turn affect 
the bioactivity. 
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MATERIALS AND METHODS   

Plant specimen collection, identification and extraction

The stem of D. falcata on host Limonia acidissima was 
obtained from three different locations: Kurunegala 
(Kuru), Ambalantota (Amba) and Hambantota (Hamb). 
The collected plant specimens were authenticated by 
the national herbarium at the Royal Botanical Gardens, 
Peradeniya. Stems of D. falcata were thoroughly washed, 
cut into small pieces, air dried for two weeks, and ground 
to a fine powder. Sequential extraction was performed by 
the Soxhlet apparatus using hexane (Hamb-HE, Kuru-HE, 
Amba-HE), ethyl acetate (Hamb-EAE, Kuru-EAE, Amba-
EAE) and methanol (Hamb-ME, Kuru-ME, Amba-ME). 

Determination of antioxidant activity

The DPPH assay was used to determine the antioxidant 
activity as described by Dashora  et al., (2011a) with slight 
modifications. Briefly, a concentration series was prepared 
in methanol for D. falcata extracts and L-ascorbic acid as 
the positive control (Table 1). The initial absorbance of 
each solution in quartz cuvettes was recorded at 517 nm 
using a UV-Vis spectrophotometer (Shimadzu UV-1800). 
Then, DPPH solution in methanol (1 mM, 200 µL) was 
added to each solution and was kept in the dark for 15 
minutes. The absorbance of each solution was remeasured 
at 517 nm. A negative control was prepared by mixing 
200 µL of the DPPH solution with 3.00 mL of methanol 
and the absorbance was measured. Finally, the percentage 
antioxidant activity was calculated and the IC50 values were 
determined. All experiments were carried out in triplicate.

Determination of total polyphenolic content

Total polyphenolic content was determined by Folin-
Ciocalteu method as described by Meda et al., (2005) 
with slight modifications. First, 60 mg L-1 stock solutions 
in 70% (v/v) methanol were prepared for the D. falcata 
extracts. The final concentration of the extract in the 
cuvette was kept to 6 mg L-1 after the addition of other 
reagents. The extract solutions (400 µL each) were mixed 
with 10% Folin-Ciocalteu solution (2.00 mL) in separate 
test tubes. After 8 minutes 7.5% (w/v) Na2CO3 (1.60 mL) 
was added to each test tube and was left for 1 hour at room 
temperature. Then the absorbance was measured at 765 nm 
using the UV-Vis spectrophotometer.  A calibration plot for 
gallic acid was constructed using a concentration series (1, 
2, 4, 6, 8, 10 and 20 mg L-1) following the same procedure. 

The total polyphenolic content was expressed as gallic acid 
equivalent. All experiments were carried out in triplicate.

Determination of brine shrimp lethality

Brine shrimp lethality assay was conducted as a preliminary 
determination of toxicity according to a method described 
by Sarah et al., (2017). A concentration series for D. falcata 
extracts (1, 10, 20, 40, 60, 80, 100 mg L-1)  and K2Cr2O7 
as the positive control (1, 5, 50, 125, 250, 500, 1000 mg 
L-1) was prepared by dissolving in artificial seawater with 
1% (v/v) DMSO ( Toutianoush et al., 2005). Each solution 
in the concentration series (4.00 mL) was transferred to 
separate test tubes and ten numbers of the 48-hour old brine 
shrimp nauplii were added. These test tubes were kept at 
room temperature for 24 hours and the number of surviving 
nauplii was counted in each test tube. Artificial sea water 
with 1% (v/v) DMSO was used as the negative control. 
The LC50 values were determined using probit analysis 
of Minitab software. All experiments were carried out in 
triplicate.

Estimation of alkaloid percentage 

The acid-base method was followed to determine the 
percentage of alkaloids in D. falcata extracts (Sharma  et 
al., 2010). First, the extracts (1.000 g) were dissolved in the 
respective solvents (40.00 mL) they were extracted from. 
Then, HCl (40.00 mL) followed by DCM (40.00 mL) were 
added and the mixtures were shaken in separatory funnels. 
The aqueous layer was separated and NaOH (2 mol dm-3) 
was added dropwise until just basic. Then alkaloids were 
extracted into DCM (40.00 mL) using a separatory funnel 
and rotary evaporated to obtain a solid crude. Finally, the 
weight of the alkaloid crude was measured and expressed 
as a weight percentage. This procedure was carried out in 
triplicate. 

Measuring bark pH of the host tree

Chips (20.000 g, 2 × 2 × 2 cm3) of L. acidissima bark of 
the three host trees were placed in glass beakers and 50 
mL of de-ionized water was added. After 8 hours, samples 
were filtered and the pH was determined using a pH meter 
(ORION 420A) (Grodzińska, 1979; Herk  et al., 2001). All 
experiments were carried out in triplicate. 

Climatic data

Climatic data for Hambantota (dry zone), Kurunegala 
(intermediate zone) and Ambalantota (dry zone) were 

Sample Concentration series / mg L-1

Hexane extracts (HE) 50, 100, 200, 300, 400, 500, 1000

Ethyl acetate extracts (EAE) 5, 10, 15, 20, 30, 40, 50

Methanol extracts (ME) 0.5, 1, 2, 4, 6, 8, 10

L-Ascorbic acid (positive control) 2.5, 5, 7.5, 10, 12.5, 15, 17.5, 20

Table 1: Concentration series prepared for DPPH assay.
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The antioxidant activity of the D. falcata extracts 
exhibits slight variations between the extracts of different 
locations indicated by the IC50 values determined by the 
DPPH assay (Figure 2).  

Antioxidant activity of hexane extracts was 
remarkably low (IC50 > 500 mg L-1) when compared to 
ethyl acetate and methanol extracts, hence they were not 
considered here. Methanol extracts showed four-seven-fold 
greater antioxidant activity compared to the respective ethyl 
acetate extracts as well as, they showed lower IC50 values 
compared to the positive control, L-ascorbic acid. Among 
the methanol extracts, the highest antioxidant activity was 
observed in Kuru-ME with an IC50 value of 4.49 mg L-1 
(Dashora et al., 2011a; Pattanayak et al., 2012). There is 
no significant difference between the IC50 values of Hamb-
ME and Amba-ME and are approximately 40% greater 
than that of Kuru-ME. Among the ethyl acetate extracts, 
the lowest antioxidant activity was observed for Kuru-EAE 
with an IC50 value of 31.05 mg L-1. The IC50 value of Hamb-
EAE is 13% lower than Kuru-EAE while Amba-EAE gave 
an intermediate activity. These results suggest that the 
antioxidant activity of D. falcata has a dependence on the 
location of plant growth with a variance observed between 
the same extracts of different locations except the methanol 
extracts from Hambantota and Ambalantota. 

The Folin-Ciocalteu method was used to determine 
the total polyphenolic content of the ethyl acetate  and 
methanol extracts of D. falcata. Due to the correlation 
between polyphenolic content and antioxidant activity, 
the hexane extracts which exhibited remarkably low 
antioxidant activity were not screened for the total 
polyphenolic content (Alonso  et al., 2002; Choi  et al., 
2007; Tawaha et al., 2007). Total polyphenolic content was 
expressed as gallic acid equivalent (GAE) obtained from 
the standard calibration curve. 

The highest polyphenolic content was observed for 
methanol extracts, correlating well with the antioxidant 
activity (Figure 3). Hamb-ME exhibited the highest 
polyphenolic content which was approximately 200% 
and 180% higher than that of Kuru-ME and Amba-ME 
respectively. Out of the ethyl acetate extracts, Hamb-
EAE showed the greatest polyphenolic content which 
was followed by Kuru-EAE and Amba-EAE respectively. 
When considering all three locations, the extracts of 
Hambantota bear the highest amount of polyphenolic 
compounds, depicting a significant dependence on the 
location of plant growth. The correlation of antioxidant 

Figure 1: Locations of sample collection: Hambantota, 
Kurunegala and Ambalantota. 

Figure 2: Comparison of IC50 values of antioxidant activity.

obtained from the Department of Meteorology, Colombo 
for the years 2017 and 2018 as the sample collection was 
done at the beginning of 2019. 

Statistical analysis

The results of the bioactivity assays were statistically 
analyzed by considering the 95% confidence intervals of 
the differences of mean replicates measured between the 
same extracts of different locations using R-studio software 
(version 1.4). If the null hypothesis is rejected the difference 
of means is assumed significant while it is assumed not 
significant if otherwise. Null (H0) and alternative (H1) 
hypotheses for the test are defined as follows: H0: µi = µj 
and H1: µi ≠ µj for i ≠ j and i, j = 1,2,3, where µi and µj are 
means of the assay results of different samples.

RESULTS AND DISCUSSION

The host tree, L. acidissima, is mainly grown in the 
intermediate and dry climatic zones in Sri Lanka and 
rarely observed in the wet climatic zone (Ratnayake et al., 
2020). Hence, sample collection for this study was done 
from Kurunegala (North Western Province - intermediate 
zone), Ambalantota and Hambantota (Southern Province 
– dry zone) (Figure 1) and the wet climatic zone was not 
considered. 

        Collection of adequate amount of samples from the 
Northern Sri Lanka belonging to the dry bioclimatic zone 
was not successful due to the poor or no growth of the 
hemiparasite on the host in those regions. The discussion 
on the differences in bioactivity results is based on the 
statistical analysis performed by R-studio software.
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activity and polyphenolic content between the methanol 
extracts of different locations seemed to be slightly altered 
as Kuru-ME showed the greatest antioxidant activity 
followed by Hamb-ME and Amba-ME, whereas the Hamb-
ME showed the greatest polyphenolic content followed by 
Amba-ME and Kuru-ME. This suggests that there could be 
other compounds in addition to polyphenolic compounds 
extracted into methanol in different amounts that can act 
as potent antioxidants (Velioglu  et al.,1998; Schwarz et 
al., 2009). 

Toxicity of the D. falcata extracts was investigat-
ed by brine shrimp lethality and expressed as LC50 val-
ues. The ethyl acetate extracts exhibited the highest brine 
shrimp lethality, while methanol and hexane extracts ex-
hibited the lowest and intermediate activities respectively 
which aligned well with reported literature (Karunaratne  
and Uduwela, 2020). When compared across the regions, 
the extracts from Hambantota showed the greatest toxic-
ity while the extracts from Kurunegala and Ambalantota 

showed the least and intermediate toxicities respectively in 
all three solvent extracts. Hamb-EAE showed the greatest 
toxicity out of the ethyl acetate extracts with 43% and 29% 
greater toxicity than Kuru-EAE and Amba-EAE respec-
tively (Figure 4).

It is worth noting that the ethyl acetate extracts 
showed greater toxicity than the positive control, K2Cr2O7. 
These results indicate that the plant specimen collected 
from Hambantota location has a higher production of toxic 
compounds compared to the other two locations. Percent-
age of alkaloids present in D. falcata was determined by 
acid-base method. The methanol extracts contain approxi-
mately four-fold greater alkaloid content compared to the 
respective ethyl acetate extracts (Figure 5).  

The difference observed for the alkaloid percentage 
between the same extracts of different locations is less 
significant and almost lie within the error limits. Hamb-
ME contains slightly higher amount of alkaloid content 
compared to Kuru-ME and Amba-ME. Alkaloid content in 
the hexane extracts, extracted by the acid-base method was 
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Figure 3: Comparison of total polyphenolic content. 

Figure 5: Comparison of alkaloid percentage.

Figure 4: Comparison of LC50 values of brine shrimp lethality.
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negligible, hence it is not discussed further. 

When comparing the results of toxicity and alkaloid 
content of plant extracts, a proper correlation was not 
observed between the bioactivities. The MEs having the 
highest alkaloid percentage showed the lowest toxicity, 
while the EAEs showing the highest toxicity, showed the 
lower alkaloid percentage compared to MEs. Hence, it is 
clear that the observed toxicity is not only due to alkaloids 
present but is due to other groups of secondary metabolites 
as well.

Several studies reported the effect of pH of the 
substrate on which the plant grows to the production and 
the accumulation of secondary metabolites (Hager et al., 
2008; Timsina et al.,   2013; Radić, 2016).  As a result, the 
bark pH of the host, L. acidissima, was measured at the 
region of the plant where the hemiparasite grew. However, 
a significant variation of the bark pH was not observed 
for the host plants of the three locations with a relatively 
neutral pH which varied from pH 6.26-7.14 (Table 2). 

 

The bark pH of the host plant in Hambantota 
recorded the lowest pH (pH 6.26) and that of Kurunegala 
recorded the highest (pH 7.14). This suggests that the bark 
pH may have exerted a relatively similar effect in governing 

the production of secondary metabolites on D. falcata in all 
three locations. 

When analyzing the variation of climatic parameters 
throughout 2017 and 2018 (Figure 6), it is clear that 
Hambantota has experienced more environmental stress 
compared to the other two locations. Kurunegala and 
Ambalantota have experienced the least and intermediate 
environmental stress respectively. The average rainfall 
was highest for Kurunegala (193 mm) while both 
Ambalantota (79 mm) and Hambantota (73 mm) locations 
have experienced relatively similar rainfall. Average 
evaporation was highest in Hambantota (4 mm) compared 
to Ambalantota (3.8 mm) and Kurunegala (3.3 mm). The 
average temperatures observed in all three locations are 
similar. As per the previous studies, harsh environmental 
conditions can boost the production of secondary metabolites 
in plant bodies. (Ramakrishna et al., 2011; Medina et 
al., 2014). Low rainfall together with high evaporation 
depicts the relatively harsh environmental conditions of 
Hambantota compared to the other two locations. When the 
environmental stress and the bioactivities observed for the 
extracts of the hemiparasite grown in particular bioclimatic 
zones are compared, a correlation is observed for some 
bioactivities while it is less significant for the others. The 
polyphenolic content shows a significant difference in 
activity which aligns well with the hypothesis of harsh 
environmental conditions cause greater production and 
accumulation of secondary metabolites that will help the 
survival of the plant. Toxicity results too correlate with 
the environmental stress conditions of bioclimatic zones 
of which samples were collected. Plant material collected 
from dry zone tends to have more toxic substances than 
that from the intermediate zone.  The antioxidant activity 
is not inclined towards the hypothesis while the difference 

Figure 6: Analysis of climatic data (a) Average rainfall (b) Average Temperature (c) Average evaporation of Hambantota, 
Kurunegala and Ambalantota locations.

Location Bark pH 

Hambantota 6.26 ± 0.25

Kurunegala 7.14 ± 0.28

Ambalantota 6.88 ± 0.18

Table 2: Bark pH values of L. acidissima. 
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in alkaloid content is less significant though Hambantota 
extracts showed slightly higher values.

CONCLUSION

In comparison of the extracts of the three locations selected 
for the study, Hambantota extracts showed the highest ac-
tivity against almost all the bioassays conducted with sig-
nificant differences for some bioactivities which was fol-
lowed by Ambalantota and Kurunegala extracts respective-
ly. The background data observed indicate that Hambantota 
and Ambalantota belonging to the dry bioclimatic zone 
experience more environmental stress compared to the in-
termediate bioclimatic zone to which Kurunegala belongs. 
Since the host plant is the same for all three locations, one 
of the main factors that determine the variation of bioac-
tivity of the hemiparasite is the environmental stress they 
undergo. Because that will trigger the production and ac-
cumulation of secondary metabolites as a survival response 
by the plant, in turn resulting in higher bioactivity. The re-
sults of this study clearly suggest that the environmental 
conditions have an impact in governing the production of 
secondary metabolites in D.  falcata on the host L. acidis-
sima and hence a difference in bioactivity with a positive 
correlation with the environmental stress. 

ACKNOWLEDGEMENTS

The authors wish to acknowledge University Research 
Grant (URG/2019/22/S) of University of Peradeniya 
for the funding of the research work and the Department 
of Chemistry, Faculty of Science of the University of 
Peradeniya for the other facilities provided. 

DECLARATION OF CONFLICT OF INTEREST

The authors declare no conflict of interest.

REFERENCES

Alonso, A.M., Guillen, D.A., Barroso, C.G., Puertas, 
B., Garcia, A. (2002). Determination of Antioxidant 
Activity of Wine Byproducts and Its Correlation with 
Polyphenolic Content. Journal of Agriculture and 
Food Chemistry 50(21): 5832–5836. DOI 10.1021/
jf025683b.

Arumugam, R., Venkatesalu, V. and Rajkumar, R. (2015).  
Characteristic Variation in Pigment Composition, 
Photosynthetic Carbon Assimilation and Phytonutrients 
Content of Dendrophthoe falcata , a Hemiparasite  
Growing on Host Trees of Saline and Non-Saline 
Environments. Russian Journal of Plant Physiology 
62(5): 641–646. DOI 10.7868/s0015330315040041.

Choi, Y., Jeong, H. and Lee, J. (2007). Antioxidant activity 
of methanolic extracts from some grains consumed 
in Korea. Food Chemistry 103(1): 130–138. DOI 
10.1016/j.foodchem.2006.08.004.

Dashora, N., Sodde, V., Prabhu, K.S., Lobo, R. (2011a). 
Antioxidant Activities of Dendrophthoe falcata 
(L.f.) Etting. Pharmaceutical Crops 2: 24–27. DOI 
10.2174/2210290601102010024.

Dashora, N., Sodde, V., Bhagat J., Prabu, K.S., Lobo, 
R. (2011b). Antitumor Activity of Dendrophthoe 

falcata against Ehrlich Ascites Carcinoma in Swiss 
Albino Mice. Pharmaceutical Crops 2: 1–7. DOI 
10.2174/2210290601102010001.

Grodzińska, K. (1979). Tree Bark Sensitive Biotest 
for Environment Acidification.Environmental 
International 2(3): 173–176. DOI org/10.1016/0160-
4120(79)90075-8.

Hager, A., Brunaner, G., Turk, R., Stocker-Worgotter, E. 
(2008). Production and Bioactivity of Common Lichen 
Metabolites as Exemplified by Heterodea muelleri 
(Hample) Nyl. Journal of Chemical Ecology 34: 113–
120. DOI 10.1007/s10886-007-9408-9.

Haque, A., Tahmina, Afsana, S.K., Sarker, I.R., Hossain, 
M., Islam, S., Islam, A., (2014). Antioxidant and 
hepatoprotective effects of aqueous and ethanol extracts 
of Dendrophthoe falcata Linn leaves. Pharmacology 
online 1: 90–101. 

Herk, C.M.  (2001). Bark pH and susceptibility to toxic 
air pollutants as independent causes of changes in 
epiphytic lichen composition in space. Lichenologist 
33(5): 419–441. DOI 10.1006/lich.2001.0337.

Karunaratne, R.T. and Uduwela, D.R. (2020).  A comparison 
of the bioactivity of Dendrophthoe falcata on the hosts ; 
Limonia acidissima and Mangifera indica. Ceylon 
Journal of Science 49(2): 159–164. DOI org/10.4038/
cjs.v49i2.7736.

Meda, A., Lamien, C.E., Romito, M., Millogo, J., 
Nacoulma, O.G., (2005). Determination of the total 
phenolic, flavonoid and proline contents in Burkina 
Fasan honey , as well as their radical scavenging 
activity. Food Chemistry 91(3): 571–577. DOI 
10.1016/j.foodchem.2004.10.006.

Medina, A., Heydt, M.S., Rodriguez, A., Parra, R., Geisen, 
R., Magan, N. (2014), Impacts of environmental stress 
on growth, secondary metabolite biosynthesis gene 
clusters and metabolite production of xerotolerant/ 
xerophilic fungi. Current Genetics, 61(3): 325-334. 
DOI 10.1007/s00294-014-0455-9.

Pattanayak, S.P. and Sunita, P. (2008). Wound healing, anti-
microbial and antioxidant potential of Dendrophthoe 
falcata (L.f.) Ettingsh. Journal of Ethnopharmacology 
120(2): 241–247. DOI 10.1016/j.jep.2008.08.019.

Pattanayak, S.P., Mazumder, P.M., Sunita, P. (2012). 
Total phenolic content, flavonoid content and in vitro 
antioxidant activities of Dendrophthoe falcata (L.f.) 
Ettingsh. Research Journal of Medicinal Plants 6(2): 
136–148. DOI 10.3923/rjmp.2012.136.148.

Pavarini, D.P., Pavarini, S.P., Niehues, M., Lopes, 
N.P.  (2012). Exogenous influences on plant 
secondary metabolite levels. Animal Feed Science 
and Technology 176(1-4): 5–16. DOI org/10.1016/j.
anifeedsci.2012.07.002.

Priya, U.S. and Neelamegam, R. (2016). Phytochemical 
and antimicrobial evaluation of a emiparasitic mistletoe 
plant, Dendrophthoe falcata (L.F.) Ettingsh  parasitize 
on Artocarpus heterophyllus host tree. Journal of 
Medicinal Plant Studies 4(5): 1–7.

Radić, S., Vujcic, V., Glogoski, M., Stojkovic, M. R. 
(2016). Influence of pH and plant growth regulators 
on secondary metabolite production and antioxidant 



S. M. N. Anjalee and D. R. Uduwela 233

activity of Stevia rebaudiana (Bert). Periodicum 
Biologorum 118(1): 9–19. DOI 10.18054/pb.2016.118
.1.3420.                                 

Ramakrishna, A., Ravishankar, G.A. (2011). Influence 
of abiotic stress signals on secondary metabolites in 
plants. Plant Signaling and Behavior 6(11): 1720-1731. 
DOI 10.4161/psb.6.11.17613.

Ratnayake, S.S., Kumar, L., Kariyawasam, C.S. (2020). 
Neglected and Underutilized Fruit Species in Sri 
Lanka : Prioritisation and Understanding the Potential 
Distribution under Climate Change. Agronomy 10(1): 
1–19. DOI org/10.3390/agronomy10010034.

Rocha Da, A., Lopes, R.M. and Schwartsmann, G. (2001). 
Natural products in anticancer therapy. Current Opinion 
in Pharmacology 1(4): 364–369. DOI org/10.1016/
S1471-4892(01)00063-7.

Sampaio, B.L., Ebel, R.E., Costa, F.B.D. (2016). Effect 
of the environment on the secondary metabolic profile 
of Tithonia diversifolia: a model for environmental 
metabolomics of plants. Sceintific Reports 6: 1–11. 
DOI 10.1038/srep29265.

Sarah, Q.S., Anny, F.C.,Misbahuddin, M. (2017). Brine 
shrimp lethality assay. Bangladesh Journal of 
Pharmacology 12(2): 186–189. DOI 10.3329/bjp.
v12i2.32796.

Schwarz, M., Rodrihuez, M., Martinez, C., Bosquet, 
V., Guillen, D., Barrosso, C.G. (2009). Antioxidant 
activity of Brandy de Jerez and other aged distillates  
and correlation with their polyphenolic content. 

Food Chemistry 116(1): 29–33. DOI 10.1016/j.
foodchem.2009.01.096.

Sharma, B., Salunke, R., Balomajumder, C., Daniel, S., 
Roy, P. (2010). Anti-diabetic potential of alkaloid rich 
fraction from Capparis decidua on diabetic mice. 
Journal of Ethanopharmacopy 127(2): 457–462. DOI 
10.1016/j.jep.2009.10.013.

Tawaha, K., Alali, F.Q., Gharaibeh, M., Mohommad, M., 
El-Elimat, T. (2007). Antioxidant activity and total 
phenolic content of selected Jordanian plant species. 
Food Chemistry 104(4): 1372–1378. DOI 10.1016/j.
foodchem.2007.01.064.

Timsina, B.A., Sorensen, J.L., Weihrauch, D., Noemore, 
M.D.P. (2013). Effect of aposymbiotic conditions on 
colony growth and secondary metabolite production 
in the lichen-forming fungus Ramalina dilacerata. 
Fungal Biology 117(11–12), 731–743. DOI 10.1016/j.
funbio.2013.09.003.

Toutianoush, A., Deligoz, H., Jin, W., Tieke, B. (2005). 
Polyelectrolyte multilayer membranes for desalination 
of aqueous salt solutions and seawater under reverse 
osmosis conditions. Applied Surface Science 246(4): 
437–443. DOI 10.1016/j.apsusc.2004.11.068.

Velioglu, Y.S., Mazza, G., Gao, L., Oomah, B.D. (1998). 
Antioxidant Activity and Total Phenolics in Selected 
Fruits , Vegetables , and Grain Products. Journal of 
Agricultural Food Chemistry 46(10): 4113–4117. DOI 
10.1021/jf9801973.

Positive Control

https://dx.doi.org/10.4161%2Fpsb.6.11.17613

