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Abstract
Pavetta zeylanica (Hook.) and Tarenna asiatica (L.) are used by the indigenous Paliyar tribal for various disorders such as
stomach pain, oral ulcer and skin problems. This study was conducted to evaluate the antioxidant potential of the above
mentioned two plants with DPPH and FRAP assay. Extracts were prepared from the leaves of plants using three different
solvents such as methanol, chloroform and petroleum ether. These extracts were subjected to assess their antioxidant
potential in different concentration ranging from 25 to 200 g/ml. Both plants exhibited antioxidant activities in all concentrations
in the range of 6.10% to 48.12%. However the activity was slightly higher in T. asiatica leaf samples. The activities were found
to be increased in dose dependent manner. Extracts obtained with methanol showed higher activity than the other extracts.
Oxidative stress is said to be the reason for many disorders including stomach disorders. Since both plants exhibited
noticeable antioxidant activities, their usage as medicine for stomach disorder could be justified.
Key words : Pavetta zeylanica, Tarenna asiatica, antioxidant, DPPH, FRAP.

Introduction
Oxidation is a necessary process to all living

organisms, through which the energy production takes
place for all biological activities. Free radicals or reactive
oxygen species (ROS) are also produced during the
process of energy production. The production of free
radicals during metabolic activity is a normal and essential
process. They play many important physiological functions
in the organisms. However, when the production of free
radicals exceeds the requirement level, oxidative stress
is caused. Oxidative stress leads to onset of many
disorders like rheumatoid arthritis, atherosclerosis,
abdomen disorder, cancer and aging (Turkoglu et al.,
2007).

This phenomenon, the oxidative stress, may be due
to the highly reactive nature of the free radicals. The
free radicals possess an unpaired electron in the outer
orbit. They possess the tendency to absorb electron from
the nearby molecule for their stability, which makes the
nearby molecule to become a free radical and thus start
a chain reaction. Because of this tendency, the free
radicals are considered as highly reactive atoms or

molecules and react with biological molecules like lipids,
proteins and DNA, resulting in oxidative stress (Ames et
al., 1993; Hanninen et al., 2000; Shenoy and Shirwaikar,
2002; Patil et al., 2003).

All the organisms possess well regulated self defense
mechanism to manage the excess production of free
radicals. Many enzymes such as superoxide dismutase
and catalase or compounds such as glutathiones, ascorbic
acids and tocopherols, present in the living organisms play
a vital role in controlling the free radical activities
(Elmastas et al., 2005). When these self regulating
mechanisms are compromised, antioxidant supplements
and antioxidant based foods can be used to minimize the
oxidative damage in human body (Niki et al., 1994; Cazzi
et al., 1997; Roesler et al., 2007).

Studies with synthetic antioxidants to combat the
effect of free radicals proved that the synthetics are costly
and toxic. Replacement of synthetic with natural
antioxidants may be noteworthy in health aspects and
functionality (Sherwin, 1990; Wanasundara and Shahidi,
1998; Da silva and Paiva, 2012). Natural antioxidants
obtained from medicinal plants not only provide drugs
with less side effects, but they are also source of many
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valuable substances such as phytochemicals (Iriti and
Faora, 2009). Phytochemicals are considered as a gift to
humans from plants as they have many health benefits
and may be a new source of natural antioxidants (Liu et
al., 2017; Wang et al., 2018). Phytochemicals from
plants, such as phenolics, flavonoids and anthocyanins
act on free radicals and prevent damage to DNA, proteins
and membrane lipids (Elmastas et al., 2006; Li et al.,
2009; Gulcin et al., 2011, Rekha et al., 2012; Junaid et
al., 2013).

Discovery of new and effective antioxidants from
natural source becomes an important research topic at
present. Knowledge of indigenous people, who still use
medicinal plants to treat diseases, may be used to identify
the specific natural source. Indigenous or tribal
communities are experts in the usage of numerous
medicinal plants to treat wide spectrum of diseases in
India (Samvatsar and Diwanji, 2000; Harsha et al., 2002;
Hebbar et al., 2004; Chhetri et al., 2005; Saikia et al.,
2006). One such indigenous group in Tamil Nadu State in
India is Paliyar Tribal. They were leading a nomadic life
till the beginning of the last century in Western Ghats of
India. Now, they are settled in the vicinity of Western
Ghats of Virudhunagar, Theni, Tirunelveli and, Dindigul
district in Tamil Nadu State.

Western Ghats still provides them non wood forest
products for their monitory needs and medicinal plants
for their health needs. Paliyar Tribal are using around 87
medicinal plant species for treating many disorders ranging
from leprosy to common cold. Among the 87 plant species,
Tarenna asiatica and Pavetta zeylanica from family
Rubiaceae, are selected for the present study. Plants from
family Rubiaceae are rich source of substances of
phytochemicals. Several plant species from this family
are used in traditional system of medicine (Sankhadip et
al., 2011). The leaves of Tarenna asiatica and Pavetta
zeylanica are used for the treatment of abdomen pain,
skin disorder and oral ulcer by Paliyar tribal (Kalusalingam
and Balakrishnan, 2018).

Phytochemicals like phenols, flavonoids and steroids
are reported in the leaf extracts of Tarenna asiatica
and Pavetta zeylanica. The leaf extract obtained with
methanol from both selected plants is reported to be
effective against Staphylococcus aureus, Escherichia
coli, Pseudomonas aeruginosa and Bacillus subtilis
(Kalusalingam and Balakrishnan 2019).

To the best of our knowledge and thorough complete
literature survey, we found that no information is available
about the antioxidant activities of selected plants. Hence,
the present study is conducted to evaluate the antioxidant

potential of Tarenna asiatica and Pavetta zeylanica
leaf extracts, prepared with different solvents such as
methanol, chloroform and petroleum ether. DPPH assay
and Iron chelation assay are used to evaluate the
antioxidant activities.

Materials and Methods
Collection of samples

The leaves of Tarenna asiatica  and Pavetta
zeylanica were collected from the Sathuragiri Hills,
Virudhunagar District, Tamil Nadu State, India during
November 2017. The plant was properly identified by
Botanical Survey of India (Southern Circle), Regional
Office, Coimbatore, Tamil Nadu, India. The specimen
also identified with plant Taxonomist. The voucher
specimens (BOT-AAGAC – 04/2018 - Pavetta
zeylanica; BOT-AAGAC – 05/2018- Tarenna asiatica)
were deposited in the Department of Botany, Arignar
Anna Government Arts College, Namakkal, Tamil Nadu,
India. Freshly collected samples were packed in
polythene bags and transferred to laboratory on the same
day. They were properly sorted, rinsed with clean water,
shade dried till they get a constant weight. Dried samples
were ground using mixer grinder, and stored until analysis
in brown air tight bottles.

The plant was properly identified by Botanical Survey
of India (Southern Circle), Regional Office, Coimbatore,
Tamil Nadu, India. The specimen also identified with plant
Taxonomist. The voucher specimen (BOT-AAGAC –
04/2018 - Pavetta zeylanica (Hook) & BOT-AAGAC
– 05/2018- Tarenna asiatica (L.)) are deposited in the
Department of Botany, Arignar Anna Government Arts
College, Namakkal, Tamil Nadu, India.
Extraction process

Extraction of powdered material was done with
Soxhlet apparatus. About 50 g of each leaf sample was
extracted using methanol, chloroform and petroleum ether.
The extracts were evaporated to dryness at 45°C in hot
water bath and re dissolved in concerned solvents and
stored at 4°C prior to further use (Barros et al., 2007).
Antioxidant
DPPH Assay

DPPH (1-1 diphenyl-2-picryl hydrazine) assay was
used to screen the leaf extracts, obtained with different
solvents, to measure the antioxidant activities. The main
advantage of using DPPH to evaluate antioxidant
activities is that it needs relatively short time compared
to other methods. DPPH is a stable free radical and
having maximum absorption at 517nm (Apak et al., 2007;
Shah et al., 2010). This assay is widely used for
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determining the radical scavenging effect of plants
extracts. The natural colour of DPPH is purple. It turns
yellow, when the free radical nature of DPPH is lost in
the presence of an extract capable of donating an
hydrogen atom (Coruh et al., 2007; Kaviarasan et al.,
2007; Inglet and Chen, 2011; Kekuda et al., 2011).

DPPH radical scavenging activity of extract was
determined according to the method reported by Blois
(1958) in the present study. An aliquot of 0.5 ml of different
concentration of sample solution was mixed with 2.5 ml
of 0.5 mM methanolic solution of DPPH. The mixture
was shaken vigorously and incubated for 37 min in the
dark at room temperature. The absorbance was
measured at 517 nm using UV spectrophotometer.
Ascorbic acid was used as a positive control. The
experiment was performed in triplicates.
Iron chelating activity (FRAP)

FRAP assay (Ferric reducing antioxidant power) is
widely used method to determine antioxidant activity. It
has been used in many studies to evaluate antioxidant
activity of plant based samples (Yuan et al., 2005;
Hinneburg et al., 2006; Poornima et al., 2012). Besides
that, the method is simple, quick and reproducible. Results
generated from this method are linearly related to molar
concentration of antioxidants. FRAP value is based on
the reducing power of antioxidants. Antioxidants donate
a single electron or hydrogen atom in the reaction.
Substance with higher antioxidant capacity gives higher
FRAP values (Hodzic et al., 2009).

The method of Benzie and Strain (1996) was adopted
for the assay in this study. The principle is based on the
formation of O-Phenanthroline-Fe2+ complex and its
disruption in the presence of chelating agents. The
reaction mixture containing 1 ml of 0.05% O-
Phenanthroline in methanol, 2 ml ferric chloride (200ìM)
and 2 ml of various concentrations ranging from 25 to
500ìg was incubated at room temperature for 10 min and
the absorbance of the same was measured at 510 nm.
EDTA was used as a classical metal chelator. The
experiment was performed in triplicates.

Results
Pavetta zeylanica

DPPH assay
The colour bleaching of DPPH radicals in the

presence of varying concentration of leaf extracts was
monitored at 517 nm and the scavenging activity of
extracts was compared with standard ascorbic acid. Free
radical scavenging values of Pavetta zeylanica extracts
as percentage were presented in Table 1. Methanol

extract of P. zeylanica showed the strongest radical
scavenging effect (41. 32%) at 200 ìg/ml concentration.
This activity was followed by chloroform extract (31.63%)
and petroleum ether extract (20.31%) at same
concentration (Figure 1). Reduction of DPPH was found
to be increased with increasing sample concentration.
The lowest activity was exhibited by chloroform extract
(5.07%) at 25 ìg/ml concentration. However the
scavenging effect of control ascorbic acid was
remarkably high with 79.67% at 200 ìg/ml concentration.
Iron chelating activity (FRAP)

All the three extracts exhibited iron chelation
activities in dose dependent manner. The chelating
activities were 36.24%, 20.82% and 17.77% in methanol,
chloroform and petroleum ether extracts respectively at
200 ìg/ml concentration (Table 2). The lowest chelating
activity was recorded in petroleum ether extract (6.53%)
at 50 g/ml concentration. The standard EDTA exhibited
highest chelation activity, 77.25 % at 200 g/ml (Fig. 2).
Tarenna asiatica

DPPH assay
The potential of leaf extracts to scavenge free radicals

was determined by DPPH radical assay model and the
results are furnished in (Table 3). The scavenging effect
was high in the case of methanol extract (42.18%)
followed by chloroform extract (39.09%) and petroleum
ether extract (30.37%) at 200 ìg/ml concentration. The
same pattern of results was observed in other
concentration also. However, the scavenging effect of
standard ascorbic acid was higher than that of all extracts
(Fig. 3), it was 79.67% at 200 ìg/ml. The radical
scavenging activity found to be increased with increasing
sample concentration in all cases.
Iron chelating activity

Leaf extracts obtained with solvent methanol
exhibited significantly higher chelating activity than the
two other extracts i.e. chloroform and petroleum ether.
The highest chelating value, 43.11%, was recorded in
methanol extract at 200 g/ml concentration (Table 4).
The chelating values were 28.97% and 21.06% in
chloroform and petroleum ether extract respectively at
the same sample concentration. Furthermore, petroleum
extract possessed lowest antioxidant activity (7.09%) at
25g/ml concentration. All the tested samples showed
lower chelating values than the positive control EDTA
(Fig. 4). The highest chelating value of standard EDTA
(77.25%) was observed at 200 g/ml concentrations.
Statistical analysis

Each value is a mean of three replications. Values of
different parameters were expressed as the man of +



Table 2: Iron chelating values of Pavetta zeylanica.
S.No. Concentration Iron chelating activity (%)

of Sample Methanolic Chloroform Petroleum Ether Ascorbic
(g/ml) Extract Extract Extract Acid

1. 25 11.40 + 0.64 08.93 + 0.54 06.53 + 0.89 45.24 + 1.89
2. 50 16.27 + 0.01 12.16 + 1.20 09.60 + 0.60 60.74 + 1.36
3. 100 21.62 + 2.01 16.83 + 0.59 12.47 + 1.17 73.33 + 0.92
4. 200 36.24 + 1.09 20.82 + 1.21 17.77 + 1.19 77.25 + 1.10

+  - Standard Error of triplicates. Difference between values are significant at p<0.05 with two way
ANOVA test.

Table 3: DPPH values in Tarenna asiatica.
S.No. Concentration Free radical scavenging activity (%)

of Sample Methanolic Chloroform Petroleum Ether Ascorbic
(g/ml) Extract Extract Extract Acid

1. 25 24.26 +1.12 18.57 + 0.49 06.10 + 0.35 43.33 + 0.60
2. 50 31.38 +1.76 26.18 + 1.36 14.98 + 0.76 56.98 + 1.54
3. 100 37.95 + 0.38 30.94 + 1.18 22.49 + 2.45 68.46 + 0.48
4. 200 48.12 + 0.90 39.09 + 1.30 30.37 + 1.71 79.67 + 0.96

+  - Standard Error of triplicates. Difference between values are significant at p<0.05 with two way
ANOVA test.

Table 4: FRAP values in Tarenna asiatica.
S.No. Concentration Iron chelating activity (%)

of Sample Methanolic Chloroform Petroleum Ether Ascorbic
(g/ml) Extract Extract Extract Acid

1. 25 14.59 + 0.93 09.49 + 0.89 07.09 + 0.68 45.24 + 1.89
2. 50 22.08 + 0.80 17.36 + 0.43 10.90 + 1.32 60.74 + 1.36
3. 100 31.20 + 1.04 23.49 + 1.91 14.97 + 2.11 73.33 + 0.92
4. 200 43.11 + 0.71 28.97 + 2.24 21.06 + 1.70 77.25 + 1.10

+  - Standard Error of triplicates. Difference between values are significant at p<0.05 with two way
ANOVA test.

Table 1: DPPH values in Pavetta zeylanica.
S.No. Concentration Free radical scavenging activity (%)

of Sample Methanolic Chloroform Petroleum Ether Ascorbic
(g/ml) Extract Extract Extract Acid

1. 25 12.51 + 1.14 05.07 + 0.70 06.12 + 0.16 46.33 + 0.60
2. 50 20.59 + 1.56 13.07 + 0.27 09.42 + 0.28 56.98 + 1.54
3. 100 32.01 + 2.49 19.73 + 0.35 13.14 + 0.43 68.46 + 0.48
4. 200 41.32 + 2.45 31.63 + 2.05 20.31 + 1.16 79.67 + 0.96

+  - Standard Error of triplicates. Difference between values are significant at p<0.05 with two way
ANOVA test.

standard error (mean + SE). Two way ANOVA (analysis
of variance) test was conducted for all the experiments
with P value < 0.05. The difference between the observed
values found to be significant. All the statistical analyses
were performed using MS Excel software.

Discussion
The phytochemical studies with P. zeylanica and T.

asiatica showed the presence of
phenol and flavonoid. The studied
plants reported to be effective in
the prevention of growth of certain
pathogenic bacteria also in culture
plates (Kalusalingam and
Balakrishnan, 2019). Majority of
the plant secondary metabolites
belong to the group of flavonoids
and polyphenolics. They possess
significant health promoting effects
including antioxidant activities
(Velioglu et al., 1998; Dorman et
al., 2004; Choi et al., 2007; Chua
et al., 2011; Al-Laith et al., 2019).
Based on these reports, the
antioxidant activities were studied
for the leaf extracts of P.
zeylanica and T. asiatica. The
results confirmed that T. asiatica
extracts exhibited slightly higher
antioxidant activities in both DPPH
and FRAP test. The quantity of
reported phytochemicals might be
higher in T. asiatica. That may be
the reason for the better
performance of T. asiatica .
Further investigation on
quantification of phytochemicals is
required for arrival of any such
conclusion.

The antioxidant activities of
extracts increase in ascending
order according to the polarity of
the solvents. The results with
methanol extracts exhibited the
highest antioxidant activities than
thee chloroform and petroleum
ether extracts in both tested plants.
Extracts obtained with high
polarity methanol reported to be
better in many pharmacological

studies. The antioxidant activities found to be increasing
with the increase of sample concentrations in both DPPH
and FRAP studies. It is in consistent with various previous
reports (Sankhadip et al., 2011; Thambiraj et al., 2012;
Muhammad et al., 2019).

The antioxidant activity observed with FRAP assay
was lesser than that DPPH assay in both plants samples.
Though both methods determine the antioxidant activities,
they have different mechanism. FRAP assay is based on
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ME-Methanol Extract ; CE-Chloroform Extract ;
PE-Petroleum Extract

Fig. 1: DPPH values in Pavetta zeylanica.

ME-Methanol Extract ; CE-Chloroform Extract ;
PE-Petroleum Extract

Fig. 2: Iron chelating values of Pavetta zeylanica.

ME-Methanol Extract ; CE-Chloroform Extract ;
PE-Petroleum Extract

Fig. 3: DPPH values in Tarenna asiatica.

ME-Methanol Extract ; CE-Chloroform Extract ;
PE-Petroleum Extract

Fig. 4: FRAP values in Tarenna asiatica.

electron transfer reaction, whereas DPPH assay are
based on electron and hydrogen atom transfer (Prior et
al., 2005). Despite the fact that FRAP and DPPH have
different mechanism, the two methods clearly indicated
that the studied plants possess uneven but significant
antioxidant and chelating activities.

The leaves of both plants are reported to be used by
the Paliyar Tribal for stomach disorders (Kalusalingam
and Balakrishnan, 2018). Chi et al. (2002) reported the
association between abdomen disorder and oxidative
stress. The results of the present investigation shows the
considerable antioxidant capacities of both tested plants,
which may indicate the relevance of this capacity to its
folk usage.

Conclusion
Pavetta zeylanica and Tarenna asiatica are two

folk medicinal plants, used by indigenous Paliyar tribal.
Leaf samples of both plants exhibited variable but
considerable antiradical activities. Among the two studied

plants, T. asiatica possessed the slightly higher anti radical
activities in the DPPH and FRAP methods. Antiradical
activities found to be increased with dose dependent
manner in all the samples in both DPPH and FRAP
studies. Leaf extracts obtained with methanol exhibited
higher activities than chloroform and petroleum ether
extracts. However, the active component in the extract
which is responsible for the observed antioxidant activity
is unknown at present. Therefore, further work, involving
the isolation and purification of the active compounds
from the crude extracts of Pavetta zeylanica and
Tarennna asiatica is required in order to examine the
mode of action.

Acknowledgments
The authors are very grateful to Head of the

Department, PG & Research Department of Botany,
Arignar Anna Govt Arts College, Namakkal for her
permission to carry out the studies and valuable
suggestions for the improvement. The authors are also

Determination of antioxidant activity in indigenously used folk medicinal plants 5307



grateful to PCPBS, Pondicherry, for their valuable help
in the lab experiments.

References
Al-Laith, A.A., J. Alkhuzai and A. Freije (2019). Assessment of

antioxidant activities of three wild medicinal plants from
Bahrain. Arabian Journal of Chemistry, 12(8): 2365-2371.

Ames, B.N., M.K. Shigenega and T.M. Hagen (1993). Oxidants
and the degenerative diseases of aging. Proc. Nati Acad
Sci., 90: 7915-7922.

Apak, R., K. Güçlü, K. Demirata, S.E. Çelik and K. Iþýl Berker
(2007). Comparative evaluation of various total antioxidant
capacity assays Applied to phenolic compounds with the
CUPRAC assay. Molecules, 12:1496-1547.

Barros, L., M.J. Ferreira, B. Queiros, I.C.F.R. Ferreira and P.
Babtista (2007). Total phenols, ascorbic acid, â –carotene
and lycopene in Portuguese wild edible mushrooms and
their antioxidant activities. Food Chemistry, 103:413-419.

Benzie, F.F. and J.J. Strain (1996). The ferric reducing ability of
plasma (FRAP) as measure of “antioxidant power”: The
FRAP assay. Analytical Biochemistry, 239: 70 – 76.

Blois, M.S. (1958). Antioxidant Determinations by the Use of a
Stable Free Radical. Nature, 181: 1199-1200.

Cazzi, R., R. Ricardy, T. Aglitti, V. Gatta, P. Petricone and R.
Desalvia (1997). Ascorbic acid and -carotene as
modulator of oxidative damage. Carcinogenesis, 18: 223-
228.

Chhetri, D., R.P. Parajuli and G.C. Subha (2005). Anti diabetic
plants used by Sikkim and Darjeeling Himalayan tribes,
India. J. Ethnopharmacol, 99 : 199-202.

Chi, C.H., S.C. Shiesh and X.Z. Lin (2002). Total antioxidant
capacity and malondialdehyde in acute abdominal pain.
Am. J. Emerg. Med., 20: 79-82.

Choi, Y., H. Jeong and J. Lee (2007). Antioxidant activity of
methanolic extracts from some grains consumed in Korea.
Food Chemistry, 103:130-138.

Chua, L.S., N.A. Latiff, S.Y. Lee, C.T. Lee, M.R. Sarmidi and
R.A. Aziz (2011). Flavonoids and phenolic acids from
Labisia pumila (Kacip Fatimah). Food Chemistry,
127:1186-1192.

Coruh, N., A.G.S. Celep, F. Ozgokce and M. Iscan (2007).
Antioxidant capacities of Gundelia tournefortii L. extracts
and inhibition on glutathione-S-transferase activity. Food
Chemistry, 100: 1249-1253.

Da Silva, M.C. and S.R. Paiva (2012). Antioxidant activity and
flavonoid content of Clusia flunensis Planch. & Triana.
Annals of the Brazilian Academy of Sciences, 84(3): 609-
616.

Dorman, H.J., M. Bachmayer, O.M. Kosar and R. Hiltunen
(2004). Antioxidant properties of aqueous extracts from
selected lamiaceae species grown in Turkey. J. Agr. Food
Chem., 52: 762-770.

Elmastas, M., I. Gulcin, O. Isidak, O.I. Kufrevioglu, K. Ibaoglu

and H.Y. Aboul – Enein (2006). Radical scavenging activity
and antioxidant capacity of Bay leaf extracts. Journal of
Iranian Chemical Society, 3(3): 258-266.

Elmastas, M., I. Gulcin, L. Ozturk and I. Gokce (2005).
Investigation of antioxidant properties of spearmint
(Mentha spicata L.). Asian J. Chem., 17: 137-148.

Gulcin, I., F. Topal, S.B.O. Sarikaya, E. Bursal, G. Bilsel and A.C.
Goren (2011). Polyphenol contents and antioxidant
properties of Medlar (Mespilus germanica L.). Records of
Natural products, 5(3): 158-175.

Hanniner, O., K. Kaartinen, A.L. Rauma, M. Nenonen, R.
Torronen, S. Hakkinen, H. Adlercreutz and J. Laakso (2000).
Antioxidants in vegan diet and rheumatic disorder.
Toxicology, 155(1-3): 45-53.

Harsha, V.H., S.S. Hebbar, G.R. Hegde and V. Shripathi (2002).
Ethnomedical knowledge of plants used by Kunabi tribe
of Karnataka in India. Fitoterapia, 73: 281-287.

Hebbar, S.S., V.H. Harsha, V. Shripathi and G.R. Hegde (2004).
Ethnomedicine of Dharwad district in Karnataka, India:
plants used in oral health care. J. Ethnopharmacol, 94:
261-266.

Hinneburg, L., H.J.D. Dorman and R. Hiltunen (2006).
Antioxidant activities of extracts from selected culinary
herbs and spices. Food Chemistry, 97:122-129.

Hodzic, Z., H. Pasalic, M. Memisevic, M. Scrabovic, M.
Saletovic and M. Poljakovic (2009). The influence of total
phenols content on antioxidant capacity in the whole grain
extracts. European Journal of Scientific Research, 28:471-
477.

Inglet, G.E. and D. Chen (2011). Contents of phenolics and
flavonoids and antioxidant activities in skin, pulp and seeds
o Miracle fruit. Journal of Food Science, 76(3): 479-482.

Iriti, M. and F. Faoro (2009). Chemical diversity and defence
metabolism: how plants cope with pathogens and ozone
pollution, a review. Int. J. Mol. Sci., 10: 3371-3399.

Junaidm, S., N. Dileep, K.N. Rakesh, G.M. Pavithra, K.S.
Vinayaka and T.R.P. Kekuda (2013). Anticarcinogenic
activity of Gnidia glauca (Fresen.) Gilg, Pothos scandens
L. and Elaegnus kologa Schlecht. Journal of Applied
Pharmaceutical Science, 3(03): 020-023.

Kalusalingam, M. and V. Balakrishnan (2018). Ethanomedicnal
survey in the Paliyar Hamlet of Sathuragiri Hills in
Virudhunagar District, Tamil Nadu State, India. Research
and Reviews : Journal of Botany, 7(2): 1-10.

Kalusalingam, M. and V. Balakrishnan (2019). In vitro analysis
of antibacterial activities in selected medicinal plant
species from Rubiaceae. International Journal of
Pharmacy and Biological Science, 2019; 1062-1066.

Kaviarasan, S., G.H. Naik, R. Gangabhagirathi, C.V. Anuradha
and K.I. Priyadarshini (2007). In vitro studies on antiradical
and antioxidant activities of fenugreek (Trigonella foenum
graecum) seeds. Food Chemistry, 103: 31-37.

Kekuda, T.R.P., K.S. Vinayaka, D. Swathi, Y. Suchitha, T.M.

5308 Muthiah Kalusalingam and Veluchamy Balakrishnan



Venugopal and N. Mallikarjun (2011). Mineral composition,
total phenol content and antioxidant activity of a
macrolichen Everniastrum cirrhatum (Fr) Hale
(Parmeliaceae). E-Journal of Chemistry, 8(4): 1886-1894.

Li, H., X. Wang, Y. Li, P. Li and H. Wang (2009). Polyphenolic
compounds and antioxidant properties of selected china
wines. Food Chemistry, 112: 454-460.

Liu, Z., K. Mo, S. Fei, Y. Zu and L. Yang (2017). Efficient
approach for extraction of proanthocyanidins from
Cinnamomum longepaniculatum leaves using ultra sonic
irradiation and an evaluation of their inhibition activity on
digestive enzymes and antioxidant activity in vitro.
Journal of Separation Science, 40(15): 3100-3113.

Muhammad, A.R.S., A.K. Rahmat and A. Mushtaq (2019).
Phytochemical analysis, cytotoxic, antioxidant and
antidiabetic activities of the aerial parts of Sorghum
halepense. Bangladesh Journal of Pharmacology, 14:
144-151.

Niki, E., H. Shimaski and M. Mino (1994). Antioxidantism-free
radical and biological defense. Gakkai Syuppan Centre,
Tokyo.

Patil, S., C.I. Jolly and S. Narayanan (2003). Free radical
scavenging activity of Acacia catechu and Rotula
aquatica : Implications in cancer therapy. Indian Drugs,
40: 328-322.

Poornima, G., T.R.P. Kekuda and K.S. Vinayaka (2012).
Antioxidant efficacy of Olea dioica Roxb (Oleaceae)
leaves. Biomedicine, 32(4): 506-510.

Prior, R.L., X.L. Wu and K. Schaick (2005). Standardized methods
for the determination antioxidant capacity and phenolics
in foods and dietary supplements. J. Agr. Food Chem.,
53: 4290- 4302.

Rekha, C., G. Poornima, M. Manasa, V. Abhipsa, P.J. Devi, V.H.T.
Kumar and P.T.R. Kekuda (2012). Ascorbic acid, total
phenol content and antioxidant activity of fresh juices of
four ripe and unripe citrus fruits. Chemical Science
Transaction, 1(2): 303-310.

Roesler, R., R.R. Catharino, L.G. Malta, M.N. Eberlin and G.
Pastore (2007). Antioxidant activity of Annona crassiflora
: Characterization of major components by electrospray
ionization mass spectrometry. Food Chem., 104: 1048-1054.

Saikia, A.P., V.K. Ryakala, P. Sharma, P. Gosuami and U. Bora
(2006). Ethnobotany of medicinal plants used by Assamese

people for various skin ailments and cosmetics. J.
Ethnopharmacol., 102: 97-102.

Samvatsar, S.and V.B. Diwanji (2000). Plant resources for the
treatment of jaundice in the tribals of Madhya Pradesh of
India. J. Ethnopharmacol., 73: 313-316.

Sankhadip, B., M. Sushomasri and C. Pranabesh (2011).
Comparative study of In vitro and In Vivo antioxidant
property of different Ixora species. Journal of Advanced
Pharmacy Education and Research, 2: 90-103.

Shah, R., H. Kathad, R. Sheth and N. Sheth (2010). In vitro
antioxidant activity of roots of Tephosia purpurea Linn.
Int. J. Pharm. Scie., 2(3): 30-33.

Shenoy, R. and A. Shirwaikar (2002). Anti-inflammatory and
free radical scavenging studies of Hyptis suaveolens
(labiatae). Indian Drugs, 39: 574-577

Sherwin, E.R. (1990). Antioxidants, In: food additives, (eds
Branen AL, Davidson PM, Salminen S). Marcel Dekker,
New York, 139-193.

Thambiraj, J., S. Paulsamy and R. Sevukaperumal (2012).
Evaluation of in vitro antioxidant activity in the traditional
medicinal shrub of westerd districts of Tamilnadu, India,
Acalypha fruticosa Forssk. (Euphorbiaceae). Asian Pacific
Journal of Tropical Biomedicine, 127-130.

Turkoglu, A., M.E. Duru, N. Mercan, I. Kirvak and K. Gezer
(2007). Antioxidant and antimicrobial activities of
Laetiporus sulphures (Bull.), Murrill. Food Chem., 101:
267-273.

Velioglu, Y.S., G. Mazza, L. Goa and B.D. Oomah (1998).
Antioxidant activity and total phenolics in slected fruits,
vegetables, and grain products. Journal of Agricultural
and Food chemistry, 46(10): 4113-4117.

Wanasundara, U.N. and F. Shahidi (1998). Antioxidant and pro-
oxidant activity of green tea extracts in marine oils. Food
Chemistry, 63(3): 335-342.

Wang, Y.Z., S.G. Fu, S.Y. Wang, D.J. Yang, Y.H.S. Wu and Y.C.
Chen (2018). Effects of natural antioxidants, polyphenol-
rich rosemary (Rosmarinus officinalis L.) extract, on lipid
stability of plant derived omega-3 fatty-acid rich oil. LWT-
Food Science and Technology, 89: 210-216.

Yuan, Y.V., D.E. Bone and M.F. Carrington (2005). antioxidant
activity of dulse (Palmaria palmata) extract evaluated in
vitro. Food Chemistry, 91: 485-494.

Determination of antioxidant activity in indigenously used folk medicinal plants 5309


