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Abstract 
Garcinia species are reputed for the diversity of phenolic compounds such as biflavonoids, 
xanthones and benzophenones that can act as antioxidants. In the present study, various in 
vitro methods were used to investigate the antioxidant properties of nine Garcinia species in 
the Western Ghats. DPPH radical scavenging activity of G. talbotii was higher (IC50: 2.8±0.6 
µg/mL) compared to standard compound ascorbic acid (IC50: 3.2±0.5 µg/mL), while G. 
pushpangadaniana showed the highest superoxide radical scavenging activity 
(IC50:16.75±0.99µg/mL) and reducing activity. The potential antioxidant activities of the 
Garcinia species were in corroboration with the high phenolic and flavonoid contents present 
in these species. The antibacterial activities of the leaf methanol extracts were however 
negligible or nil, except against the Gram positive strain, Bacillus subtilis. 

Keywords: Antioxidant, Antibacterial, Garcinia species, DPPH, Superoxide radical, 
Reducing power, Bacillus subtilis 

Introduction 
Oxygen is an indispensable element for life and is necessary for aerobic respiration in 
animals. However, reactive oxygen species (ROS) such as superoxide anion radicals (O2-), 
hydroxyl radicals (OH.) and non-free radical species such as hydrogen peroxide (H2O2) and 
singlet oxygen, that are continuously produced during the normal metabolism of oxygen, are 
harmful to biological systems. Healthy humans can detoxify or eliminate these free radicals 
by enzymes such as superoxide dismutase, catalase, and peroxidase (Gulcin, 2006; Terashima 
et al., 2010). If the oxidative damage is beyond the capacity of the natural repair mechanisms 
of the cells, it may trigger several chronic diseases (Franco, 2008). 

The consumption of diets which are rich in antioxidants can protect the human body 
from oxidative stress and associated diseases induced by endogenous and exogenous factors 
(Morganti, 2009). These health effects have been partially attributed to the presence of 
phenolic compounds in plants (Guo et al., 2011). Garcinia species are known to be rich in 
phenolic compounds such as flavonoids, phenolic acids, xanthones, biflavonoids and 
benzophenones. There are many compounds reported from the genus Garcinia with higher 
free radical scavenging activities compared to known standards. Griffipavixanthone, a 
prenylated xanthone isolated from Garcinia virgata was reported to possess promising 
antioxidant activity with lower EC50 value compared to the references BHA and α-tocopherol 
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(Merza et al., 2004). The phloroglucinol parvifoliol E from Garcinia parvifolia showed 
remarkable antioxidant acivity compared to standard BHT (Rukachaisirikul et al., 2006). 
1,3,5,7-Tetrahydroxyxanthone exhibited strong antioxidant activity comparable to the 
reference molecule probucol (Jantan et al., 2012). α-Mangostin is a common xanthone 
reported from different Garcinia species, that exhibited stronger antioxidant activity than α-
tocopherol in ferric thiocyanate (FTC) assay (Taher et al., 2012). Biflavonoids are dimers of 
two flavonoids, limited in distribution to some genus. This interesting group of compounds 
was reported from different Garcinia species and many of them exhibited remarkable 
antioxidant activities. The flavanone-(3-8'')-flavone biflavonoid morelloflavone displayed 
considerable antioxidant activity and was more potent than quercetin (Osorio et al., 2013). 
1,3,6-trihydroxy-7-methoxy-2,8-(3-methyl-2-butenyl) xanthone isolated from Garcinia 
hombroniana exhibited stronger antioxidant activity than the standard compounds trolox, 
gallic acid and ascorbic acid (Jamila et al, 2014). Garcina species were reported to possess 
remarkable level of activities against different diseases and the antioxidant activities of 
phenolic compounds from the genus have a major role in the mechanism of bioactivities. 

Recently, a wide range of plants have been screened for antimicrobial property, 
because of the increased microbial resistance and harmful side effects of existing 
antimicrobial agents (Djeussi et al., 2013). Garcinia species have also been a subject of 
antimicrobial screening and potential activities have been reported for extracts and isolated 
compounds from several Garcinia species (Negi et al., 2008; Policegoudra, 2012; Fouotsa et 
al., 2013; Semwal et al., 2015).  

Although the Garcinia species are gaining much attention worldwide due to their 
potential bioactivities, the Garcinia species in the Western Ghats are least investigated for 
their bioactivities. The present chapter elaborates the antioxidant and antibacterial activities 
of the leaf methanol extracts of nine Garcinia species (G. gummi-gutta, G. imberti, G. indica, 
G. Morella, G. pushpangadaniana, G. rubro-echinata, G. talbotii, G. travancorica and G. 
wightii) from the Western Ghats.  

1. In vitro antioxidant activity of Garcinia species in the Western Ghats 
Antioxidants act by several mechanisms and it is difficult to predict the full spectrum of 
activity in a single assay. In the present study, in vitro methods such as DPPH scavenging 
assay, superoxide radical scavenging assay and reducing power assay were used to evaluate 
the antioxidant property of Garcinia leaf methanol extracts.  
DPPH scavenging activity: Among free radical scavenging methods, DPPH method is more 
rapid, simple and inexpensive in comparison to other test models. DPPH (2, 2-diphenyl-1-
picrylhydrazyl (α,α-diphenyl-β-picrylhydrazyl) is a stable free radical that has an absorbance 
maximum in the visible region (517 nm). On accepting hydrogen from a donor, DPPH 
solutions lose the characteristic deep purple colour (Villano et al., 2007). The free radical 
scavenging activities of tested compounds are expressed as IC50 value, the concentration of 
the compound required to decrease the absorbance of DPPH solution by 50%. 
Reducing power assay: In this method, antioxidant compound forms a coloured complex 
withpotassium ferricyanide, trichloro acetic acid and ferric chloride, which is measured at 
700 nm. Increase in absorbance ofthe reaction mixture indicates the reducing power of the 
samples (Jayaprakash et al., 2008). 
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Superoxide radical scavenging assay: Superoxide anion radical is a weak oxidant that 
generates powerful and dangerous hydroxyl radicals as well as singlet oxygen, both of which 
contribute significantly to oxidative stress. In the PMS/NADH-NBT system, the superoxide 
anion derived from dissolved oxygen and PMS/NADH coupling reaction reduces NBT. The 
decrease of absorbance at 560 nm thus indicates the consumption of superoxide anion in the 
reaction mixture. The superoxide anion scavenging activity was measured as described by 
Robak and Gryglewski (1988). 
Total phenolic and flavonoid contents: Phenolic compounds consist of diverse group of 
secondary metabolites such as flavonoids, anthocyanins, coumarins, xanthones, 
benzophenones and phenolic acids, and possess ideal structural features for free radical 
scavenging activity. Antioxidative properties of phenolic compounds are due to different 
mechanisms such as scavenging of free radicals, chelation of metal ions like iron and copper, 
and inhibition of enzymes responsible for free radical generation (Benavente-Garcia, 1997; 
Rice-Evans et al., 1997). The phenol content was determined by Folin-Ciocateu reagent 
method (McDonald et al., 2001). The content of flavonoids was determined by aluminum 
chloride colourimetric method (Chang et al., 2002). 

Leaf methanolic extrcacts of9 Garcinia species from the Western Ghats (G. gummi-
gutta, G. imberti, G. indica, G. morella, G. pushpangadaniana, G. rubro-echinata, G. 
talbotii, G. travancorica and G. wightii) were subjected to antioxidant evaluation using 
different in vitro methods. Most of the species showed remarkable levels of antioxidant 
activities using in vitro models like DPPH radical scavenging assay, reducing power assay 
and super oxide radical scavenging assay (Table 1). Among the species studied G. talbotii 
(IC502.8±0.6 µg/mL), G. rubro-echinata (IC506.5±0.8 µg/mL), G. imberti (IC509.0±1.2 
µg/mL), and G. wighti (IC5016.0±2.0 µg/mL) showed a promising level of DPPH radical 
scavenging activity compared to standard ascorbic acid with IC50 value of 3.2±0.5 µg/mL. 
IC50 of G. talbotii leaf methanol extract against DPPH radical was higher than that of 
standard ascorbic acid.  

Superoxide radical scavenging activity revealed a moderate level of activity compared 
to the standard ascorbic acid (IC50 value of 5.8±0.25 µg/mL). Among the species studied, G. 
pushpangadaniana showed highest activity with IC50 value of 16.75±0.99 µg/mL and G. 
indica showed the minimal level of activity with IC50 value of 196.96±14.16 µg/mL. 
Superoxide radical scavenging activity of the extracts were not correlated to the phenolic or 
flavonoid contents. 

Table 1. Phenolic and flavonoid contents and antioxidant activities of Garcinia leaf extracts 
Sl. 
No. 

Garcinia species Total phenolics 
(mg/g) 

Total flavonoids 
(mg/g) 

DPPH IC50 
 (µg/mL) 

Superoxide IC50 
(µg/mL) 

1 G. gummi-gutta 97.45±7.28 17.2±2.83 128±2 86.2±2.62 
2 G. imberti 273.6±9.6  108±7.82 9±1.2 40.3±1.12 
3 G. indica 46.67±15.08 11.1±1.84 558.3±18.65 196.96±14.16 
4 G. morella 177.57±18.86 53.8±5.37 104±3.35 86.5±7.92 
5 G. pushpangadaniana 884.6±83.51 197.3±9.47 9.04±0.83 16.75±0.99 
6 G. rubro-echinata 392.85±7.28 48.05±2.19 6.5±0.8 27.2±0.42 
7 G. talbotii 342.9±5.80 55.56±2.31 2.8±0.6 30.4±1.13 
8 G. travancorica 435.53±23.85 143.4±11.60 18.9±1.8 53.2±3.09 
9 G. wightii 239.3±24.18 239.0±26.87 16±2 27.6±0.7 
10 Ascorbic acid - - 3.2±0.5 5.8±0.25 

JNTBGRI  Diversity of Garcinia species in the Western Ghats: Phytochemical Perspective



182 
 

Leaf methanolic extracts of the Garcinia species studied showed varying levels of activity in 
reducing power assays (Table 2, Figure 1). The Garcinia species that contain higher amount 
of phenolics, especially G. pushpangadaniana, G. rubro-echinata and G. talbotii showed 
remarkable activity in reducing power assay, whereas G. gummi-gutta, G. indica and G. 
wightii showed only moderate levels of activities. 

Table 2. Reducing power assayof Garcinia species leaf extracts at different concentrations- 
Absorbance at 700 nm 
Garcinia species 20 (g/mL) 40 

(g/mL) 
60 
(g/mL) 

80 
(g/mL) 

100 
(g/mL) 

G. gummi-gutta 0.026 0.045 0.082 0.103 0.122 
G. rubro-echinata 0.026 0.308 0.503 0.669 0.858 
G. imberti 0.011 0.172 0.39 0.55 0.678 
G. indica 0.034 0.054 0.068 0.08 0.09 
G. morella 0.051 0.133 0.196 0.255 0.295 
G. pushpangadani 0.231 0.45 0.623 0.833 1.083 
G. talbotii 0.185 0.347 0.5 0.681 0.721 
G. travancorica 0.094 0.209 0.301 0.408 0.526 
G. wightii 0.018 0.034 0.117 0.239 0.303 

 
Figure 1. Reducing power assay of Garcinia leaf extracts (1- G. gummi-gutta, 2- G. rubro-echinata, 
3- G. imberti, 4- G. indica, 5- G. morella, 6- G. pushpangadaniana, 7- G. talbotii, 8- G. travancorica, 
9- G. wightii) 

2. Antibacterial activity of Garcinia leaf methanol extracts 
The plant extracts were dissolved in DMSO was used for the assay. The Kirby-Bauer method 

was used for antimicrobial susceptibility testing (Cappucino and Sherman1999). Briefly, the 

Mueller Hinton Broth (MHB) containing specific organisms were incubated at 37C until it 

achieved the 0.5 McFarland standards (~1.5 x 108 CFU/ml). The dried surface of the Mueller-

Hinton agar plate is inoculated by streaking the swab over the entire sterile agar surface. The 

discs impregnated with the extracts were placed on Mueller Hinton agar and incubated at 370 

for 16-18 hours. After incubation, the diameters of the zones of complete inhibition were 

measured, including the diameter of the disc.  
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Table 3. Antibacterial activity (zone of inhibition in mm) of Garcinia leaf methanol extracts and 
standard kanamycin sulphate 
Garcinia  
species 

Conc.  
(µg/disc) 

P.  
vulgaris 

E. 
faecalis 

S. 
marscenes 

P. 
aeruginosa 

S.  
typhi 

B. 
subtilis 

S. 
mutants 

G. cowa 100  Nil Nil Nil Nil Nil 9.0  Nil 
500  Nil Nil Nil Nil Nil 9.5  Nil 
1000  Nil Nil Nil Nil Nil 10  Nil 

G. rubro-echinata 100  Nil Nil Nil Nil Nil 6.5  Nil  
500  Nil Nil Nil Nil Nil 7.5  Nil 
1000  Nil Nil 7.5  Nil Nil 9.0  7.5  

G. gummi-gutta 100  Nil Nil Nil Nil Nil 7.5  Nil 
500  Nil Nil Nil Nil Nil 8.0  Nil 
1000  Nil Nil Nil Nil Nil 8.5  Nil 
500  Nil Nil Nil Nil Nil 9.5  7.0  
1000  Nil Nil Nil Nil Nil 10.5  8.0  

G. imberti 100  Nil Nil Nil Nil Nil 7.0  Nil 

500  Nil Nil Nil Nil Nil 9.0  Nil 

1000  Nil Nil Nil Nil Nil 10.5  Nil 

G. indica 100  Nil Nil Nil Nil Nil Nil Nil 

500  Nil Nil Nil Nil Nil Nil Nil 

1000  Nil Nil Nil Nil Nil Nil Nil 

500  Nil Nil Nil Nil Nil Nil Nil 
1000  Nil Nil Nil Nil Nil Nil Nil 

G. morella 100  Nil Nil Nil Nil Nil 6.5  Nil 
500  Nil Nil Nil Nil Nil 8.0  7.0  
1000  Nil Nil Nil Nil Nil 9.5  8.0  

G. 
pushpangadaniana 

100  Nil Nil Nil Nil Nil 7.0  6.5  
500  Nil Nil Nil Nil Nil 9.5  7.5  
1000  Nil Nil Nil Nil Nil 12.5  10.0  

G. talbotii 100  Nil Nil Nil Nil Nil 10  9.0  
500  Nil Nil Nil Nil Nil 12  10.0  
1000  Nil Nil Nil Nil Nil 13.5  13.0  

G. travancorica 100  Nil Nil Nil Nil Nil 8.0  Nil 
500  Nil Nil Nil Nil Nil 10.0  Nil 
1000  Nil Nil Nil Nil Nil 11.0  Nil 

G. wightii 100  Nil Nil Nil Nil Nil 9.0  Nil 

500  Nil Nil Nil Nil Nil 11.0  6.5  

1000  Nil Nil Nil Nil Nil 12.0  8.0  

500  Nil Nil Nil Nil Nil 9.0  Nil 

1000  Nil Nil Nil Nil Nil 10.0  9.0  

Kanamycin 
sulphate 

30  20.0  22.0  25.0  20.0  27.0  28.0 25.0  
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In most of the cases, the extracts were inactive against the tested strains of bacteria 
(Table 3). Remarkable observation was the moderate activity against the gram positive 
Bacillus subtilis for all the extracts except G. indica. It is interesting to note that previous 
reports also reveal the activity of Garcinia extracts and compounds against Gram positive 
strains, especially Bacillus subtilis (Rao and Natarajan, 1950, Negi et al., 2008; Semwal et 
al., 2015). 

The antimicrobial activities of Garcinia leaf methanol extracts against food pathogens such 
as Escherichia coli, Bacillus cereus, Staphylococcus aureus, Salmonella enteric ser.typhi, and 
Vibrio cholera were also screened (Table 4). The MIC values were determined by modified 
broth microdilution method according to Clinical and Laboratory Standards Institute (CLSI) 
(2009). Briefly, 200µl of Mueller Hinton Broth (MHB) was placed into each to wells of 96 
well microplate. The plant extracts were dissolved in DMSO, and diluted to the required 
concentration. 1% of bacterial cell suspension was inoculated in MHB containing plant 
extracts and incubated at 370 C for 16 hours. Garcinia leaf methanol extracts were active 
against the Gram positive strains screened; Bacillus cereus and Staphylococcus aureus.  
 
Table 4. Antibacterial activity (MIC in µg/ml) of Garcinia leaf methanol extracts against food 
pathogens  
Garcinia species Escherichia coli 

MTCC 441 
Bacillus 
cereus 
MTCC430 

Staphylococcus 
aureus 
MTCC7443 

Salmonella 
enterica ser. 
typhi 
MTCC733 

Vibrio cholera 
MTCC 3906 

G. pushpangadhania Nil 100µg/ml Nil Nil Nil 
G. rubro-echinata Nil 100µg/ml 100µg/ml Nil Nil 
G. imberti Nil Nil Nil Nil Nil 
G. travancorica Nil Nil Nil Nil Nil 
G. talboti Nil Nil Nil Nil Nil 
G. morella Nil 200µg/ml 500µg/ml Nil Nil 
G.wightii Nil 100µg/ml 200µg/ml Nil Nil 
G. gummi-gutta Nil Nil Nil Nil Nil 

Conclusions 
Leaf methanol extracts of nine Garcinia species from the Western Ghats exhibited 
remarkable in vitro antioxidant activity against various free radicals. The potential 
antioxidant activities were in corroboration with the high phenolic and flavonoid contents. 
Antioxidant activity is directly correlated to several curing mechanisms and the present study 
highlights the potential of Garcinia species as targets for future drug development. However, 
the antibacterial activities of the leaf methanol extracts were nil or negligible against the 
tested strains, except for Bacillus subtilis. 
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