
J. Agric. Res. 2018, 56(2)

                                     Seasonal disparity in anti-oxidant and anti-bacterial activity of lemon grass

87

J Agric. Res., 2018, Vol. 56(2): 87-93
www.jar.com.pk
Agriculture Department
Government of Punjab

SEASONAL DISPARITY IN TOTAL  PHENOLS,  FLAVONOIDS, 
ANTI-OXIDANT AND ANTI-MICROBIAL ACTIVITY OF LEMON 
GRASS (CYMBOPOGON CITRATUS) CULTIVATED IN 
ISLAMABAD, PAKISTAN
Riffat Tahira* 1, Touseef Rehan 2, Ata-ur-Rehman 3 and Atif Jamal 4

PLANT PHYSIOLOGY

ABSTRACT
Seasonal incongruence in total phenols, total flavonoids, antioxidant and antibacterial activity of 
lemon grass was studied at Plant Genetic Resources Programme, National Agricultural Research 
Centre, Islamabad, Pakistan during the year 2015. Highest amounts of total phenols (111.109 
mg of GAE/100 g dry wt) and total flavonoids (119.56 mg of CE/100 g dry wt) were detected in 
methanolic extracts of summer harvest followed by winter harvest. Highly significant differences 
were observed for season, essential oil/plant extract and concentrations for antioxidant activity. 
Essential oil from summer harvest possessed maximum free radical scavenging activity (92.45 
%) as compared to essential oil and plant extract obtained from other periods. For antibacterial 
activity, highly significant differences were also detected for season, essential oil concentrations 
and bacterial strains. Essential oil from summer harvest produced largest zone of inhibition 
(12.48 mm) against gram negative bacteria X. axonopodis. The data show that in summer 
season, lemon grass possessed higher amounts of bioactive compounds and thus having better 
drug potential.
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INTRODUCTION
Cymbopogon citratus (lemon grass) belongs to family 
Gramineae. Native to India and Sri Lanka, lemon grass 
is widely distributed in tropical and subtropical parts 
of the world. It is the part of customary folk remedies 
for the treatment of gastrointestinal and neurological 
disorders. Lemon grass essential oil is a rich source of 
citral and possesses strong antioxidant activities which 
are comparable to synthetic antioxidants like butylated 
hydroxytoluene (BHT) and α-tocopherol. Herbal tea 
of lemon grass is used as soporific, febrifuge and 
immune stimulant (Pereira et al., 2011; Cheel et al., 
2005 ).  Essential oil of lemon grass is also known for 
its antimicrobial activities (Chokoe et al., 2008; Mooney 
et al., 1991). Antimicrobial potential of plant natural 
products have gained much importance these days 
(Tahira et al., 2011). Some studies have established 
the role of lemon grass essential oil in the inhibition of 
plant diseases (Tomas-Barberan and Espin, 2001).
Chemical substances like alkaloids, flavanoids, tannins 
and phenols confer lemon grass medicinal value 
(Saeed et al., 2012). These bioactive compounds 
play an explicit physiological function in human 
body against disease. Phenolic compounds confer 
distinctive taste, flavor and health-promoting properties 
present in vegetables and fruits (Upadhyay et al., 
2010). Flavonoids are secondary metabolites having 

resemblance with phenols and are well recognized 
for their antioxidant activity (Upadhyay et al., 2010). 
The antioxidants play an important role in scavenging 
free radicals and defend human, animal and plant 
cells against the destructive effects of oxidative stress 
which results due to imbalance between antioxidants 
and free radicals (Letchamo et al., 2006;  Sadiq and 
Khayyat, 2010). Antimicrobial activities of lemon grass 
plant are due to the presence of alkaloids and phenols 
(Kukic et al., 2006).
Bioactive compounds can vary in concentration and 
profile due to cultivar, fertilizer and environment (Dixon 
and Paiva, 1995). Secondary metabolite production 
could be enhanced by adjusting the environmental 
stresses and cultivation as seasonal changes 
particularly the higher temperature could change 
the bioactive compounds. In stress conditions, plant 
growth is inhibited and the fixed carbon is allocated 
to secondary metabolite production (Msamaba et al.,  
2003). Focus on investigations regarding the effect of 
seasonal changes on bioactive compounds/secondary 
metabolites production, is very much relevant as 
substantial proportion of population in developing 
countries is dependent on plant based traditional 
medicines.
In Pakistan, lemon grass tea is a popular beverage 
and usually taken after heavy meals for digestion. Its 
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use in flue, congestion and gastrointestinal disorder is 
also common. Presently no data are available on the 
secondary metabolite concentration during different 
seasons in Pakistan. Current study was aimed to 
investigate the effect of season on the essential oil 
yield, total phenols and total flavonoids, antioxidant 
potential of essential oil and plant extract. Antimicrobial 
potential of lemon grass essential oil during different 
seasons was also explored.

MATERIALS AND METHODS
Present study was carried out at Plant Gentic 
Resources Programme, National Agricultural Research 
Centre, Islamabad, Pakistan during the year 2015.  
Elevation of Islamabad is 507 meters (1,663 ft) and its 
climate is humid subtropical with higher temperatures 
in the month of June upto 38-44°C. Fresh leaves of 
lemon grass were collected in three seasons i.e. 
winter, spring and summer from the clonal repository 
of PGRI, NARC, Islamabad. After rainy season, little 
plant growth was observed in field and it was difficult to 
collect leaves in autumn. After washing and removing 
any debris, leaves were dried in green house as 
reported previously (Tiwari et al., 2007). Dried leaves 
were stored in dark at room temperature in plastic bags 
for further analysis.

Extraction of essential oil and yeild calculation
Dried leaves were weighed and subjected to hydro-
distillation using Clevenger type apparatus for three 
hours. The essential oil was separated through 
separating funnel and stored at 4ºC prior to use for 
different biological assays. Essential oil yield was 
calculated on dry weight basis using following formula.

                 Volume of essential oil (ml)
Essential oil (%) = ——————————————— x 100

                  Weight of dried plant material (g)

Total phenol assay
Plant extracts were prepared following Sengul et al. 
(2010). Dried and powdered plant material (400g) 
was extracted with methanol in Soxhlet apparatus for 
72h. Plant extracts were filtered with Whatman No. 
1 filter paper and concentrated by rota-evaporator. 
The residue was stored at -20˚C. The total phenolic 
contents were determined using Folin-Ciocalteau 
reagent. An aliquot (500µl) of extract was added to 
a 20ml test tube, containing 4.5ml distilled deionised 
water. 500µl of Folin-Ciocalteau reagent was added to 
the mixture and shaken. Five milliliter of 7% Na2CO3 
solution was added to the reaction mixture after five 
minutes. Final volume was made up to 12.5ml by adding 
ddH2O. Blank sample was prepared by using ddH2O 
and standard solutions of different concentrations (20, 

40, 60, 80, 100, 120, 140 mg/l) of gallic acid were 
also prepared. After incubation of samples at room 
temperature for 90 minutes, absorbance was taken 
against the prepared blank reagent at 750nm using UV-
Vis Spectrophotometer Lambda 5. The total phenolic 
contents of lemon grass were expressed as milligrams 
of gallic acid equivalents per 100g dry weight (mg 
GAE/100 g DW).

Total flavonoid assay
Total flavoniods of were determined by Aluminium 
Chloride colorimetric assay. An aliquot (1 ml) of extracts 
and standard solution catechin (20, 40, 60, 80, and 100 
mg/l) was added to a 10 ml volumetric flask, containing 
4ml distilled water. To the flask was added 0.3ml 5% 
NaNO2. After five minutes 0.3ml of 10% AlCl3 was 
added. At the 6th minute, 2ml of 1M NaOH was added 
and the total volume was made upto 10ml with ddH2O. 
The solution was mixed well and the absorbance was 
measured against a prepared reagent blank at 510nm 
with a UV-VIS Spectrophotometer Lambda 5. Total 
flavonoid contents were expressed as milligrams of 
catechin equivalent per 100 grams dry weight (mg 
CE/100 g DW).

Antioxidant activity (DPPH assay)
The free radical scavenging activity of methanolic 
extracts of lemon grass was measured in terms 
of hydrogen donating or radical scavenging ability 
using the stable radical 1, 1-diphenyl-2-picrylhydrazyl 
(DPPH). DPPH stock solution was prepared in 
methanol by dissolving 3.96 mg (x 4) of DPPH into 
20 ml of methanol. DPPH (1 ml) was added to 0.5 
ml of sample solution. These solution mixtures were 
incubated for 30 minutes in dark at room temperature 
and absorbance was measured at 517 nm. Lower 
absorbance of the reaction mixture indicated higher 
free radicals scavenging activity. Finally the radical 
scavenging activity was calculated as percentage of 
DPPH discoloration using the equation

                                  Abs of Control – Abs of Sample
Scavenging DPPH free radical (%) = ——————————————— x 100

                                               Abs of Control

Stock solutions of essential oil and antibiotic
Essential oil (EO) and Streptomycin stock solutions 
(10,000 ppm) were made by adding 1 ml of oil in 
100 ml of dimethyl sulfoxide (DMSO). Serial dilutions 
(62.5, 125, 250 and 500 ppm) were prepared for anti-
microbial analysis. 

Antibacterial activity (disk diffusion assay)
Disk diffusion method (Usano-Alemany et al., 2013) 
was applied to test the antibacterial activity of lemon 
grass essential oil. Five bacterial strains viz. Bacillus 
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thuringiensis, Pseudomonas syringae, Xanthomonas 
axonopodis and Microbacterium lacticum were 
used in the study. Bacterial cultures maintained on 
nutrient agar slants at 4°C were revived in nutrient 
broth overnight at 37˚C. Bacterial suspensions were 
prepared in normal saline and diluted to 1 x 105 cfu/
ml. 20 µl of bacterial suspension was spread over 
nutrient agar solidified petri plates (15cm). Ten micro 
liter of different concentrations (62.5, 125, 250 and 
500 ppm) of essential oil and anti-biotic were applied 
on Whatman filter paper No.1 discs (One disc 5 mm 
diameter). DMSO was used as negative control while, 
streptomycin was employed as positive control. The 
plates were incubated at 37°C. After 24 h of incubation; 
the diameter of the clear zones of inhibitions were 
measured. 

Statistical analysis
The experiments were performed in triplicate. Analyses 
of variance were calculated using the statistical 
software Statistix 8.1  with least significant differences 
at the 5% probability level. The statistical differences 
were calculated by using Duncan’s multiple range test 
(DMRT).

RESULTS AND DISCUSSION

Essential oil yield
The data (Fig. 1) show that highest essential oil yield 
(0.65%) was obtained in summer season followed 
by winter season (0.59%). Lowest EO (0.46%) was 
obtained in spring season. Lemon grass is reported to 
contain 0.15-1.26% essential oil (Numes et al., 2013; 
Oussalah et al., 2007). Verma et al., (2011) studied the 
essential oil contents in thyme during different seasons 
and recorded the highest essential oil yield in summer 
similar to present study. Higher essential oil contents 
in summer may be ascribed to high vegetative growth 
during summer season. This view is supported by the 
findings of Letchamo et al. (1995) and Sangwan et al. 
(2001), who described essential oil yield as a function 
of primary metabolites synthesis during vegetative 
growth.

Total phenols and total flavonoids 
During present studies, it was observed that total 
flavonoids contents were higher than total phenolic 
contents (Fig.2) in methanolic extracts of spring, 
summer and winter harvests. Highest total phenolic 
contents (111.109 mg GAE/100g DW) were depicted 
in summer season whereas, only 38.03 mg GAE/100g 
DW total phenols were measured in spring harvest. 
Similarly the highest total flavonoids (119.563 mg 
CE/100g DW) were noted in methanolic extracts of 
summer harvest followed by winter harvest (98.605 mg) 
(Fig.2). Ahmed et al. (2012) also reported higher levels 
of total phenols and flavonoids in Melilotus indicus 
methonolic extracts of summer harvested plants as 
compared to spring harvested. Higher concentrations 
of total phenols (0.42 mg GAE/100mg DW) in summer 
season were also reported in Bellis perennis (Sangwan 
et al., 2001).

Higher concentrations of flavonoids were stated in 
methanolic extracts of red proplois during summer 
season as compared to winter season (Oussalah et 
al., 2007).  Secondary metabolites like phenols and 
flavonoids are synthesized in young and actively 
growing tissue. Environmental conditions affect the 
growth of plant and formation of secondary metabolites 
(Wilson et al., 2002). Therefore, environmental 
changes may affect biochemical and physiological 
parameters. In most of the plants exposure to high and 
low temperatures as compared to optimal temperatures 
is regarded as the main cause of increase in total 
phenols and flavonoids (Ciska et al., 2000; Ennajar 
et al., 2010; Hindumathy et al., 2011). Present results 
are in accordance with above statement as higher 
total phenols and flavonoids were detected in summer 
followed by winter, and lowest levels were present in 
methanolic extracts of spring harvest.

Antioxidant activity of essential oil and plant 
extract
Highly significant differences were observed for 
season, essential oil/plant extract and concentration 
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for antioxidant activity. Essential oil antioxidant 
activities from harvests of winter, spring and summer 
were superior to antioxidant activities of plant extracts 
of same harvests (Table 1).

Table 1. Antioxidant   activity   of   lemongrass   essential   oil  
 and plant extract in different seasons.

Essential oil/plant extract Winter Spring Summer
Essential oil % 87.97b 83.05c 92.45a

Plant extract % 60.13e 52.96f 70.25d

*Means with same letters are not statistically different.

Highest antioxidant activity was observed for essential 
oil extracted from summer harvest (92.45%) followed 
by winter harvest (87.97%). Lowest antioxidant activity 
was recorded for plant extract of spring harvest 
(83.05%). Higher total phenol and flavonoid contents 
in summer season may impart the higher antioxidant 
activity to the essential oil and plant extract of 
summer harvest. Sahoo et al. (2012) attributed higher 
antioxidant activities to the presence of high fractions 
of secondary metabolites during summer season in 
medicinal plants dose dependent increasing DPPH 
radical scavenging effects were exhibited by essential 
oil and plant extracts (Table 2).

Highest antioxidant activity (93.76%) was recorded for 
500ppm essential oil followed by 250ppm essential oil. 

Table 2.  Antioxidant   activity   of   different  concentrations  of  
               lemon grass essential oil and plant extract .

Essential oil/
plant extract

62.5
ppm

125
ppm

250
ppm

500
ppm

Essential oil% 79.97c 87.71b 89.86b 93.76a

Plant extract% 53.11g 57.05f 65.04e 69.24d

*Means with same letters are not statistically different.

Antioxidant activity possessed by 62.5ppm essential 
oil (79.97%) was even higher than activity exhibited by 
500 ppm plant extract (69.24%). It could be suggested 
that polar compounds present in essential oil are more 
concentrated than the compounds present in plant 
extract, mainly responsible for its higher free radical 
scavenging activity. This view is also supported by a 
previous study (Sengul, M. 2009) which demonstrated 
that polar compound present in medicinal plants exhibit 
antioxidant activity by donating hydrogen atoms to free 
radicals. 

Antibacterial activity of lemongrass essential oil
Different concentrations of lemon grass essential oil 
extracted from winter, spring and summer harvests 
were checked for antibacterial activity against four 
bacterial strains viz., B. thuringiensis, P. syringae, X. 
axonpodis and M. lacticum (Fig. 3).

Highly significant differences were observed for 
season, essential oil concentration and bacterial 
strains. Largest zone of inhibition (17.18 mm) was 
recorded for 500 ppm concentration of essential oil 
extracted from summer harvest followed by 250 ppm 
of summer harvest essential oil (12.65mm) and 500 
ppm of winter (12.5) and spring harvest essential oil 
(11.5mm) (Table 3).
Table 3. Zones  of   inhibition   (mm)   produced   by   different  
              concentrations of essential oil extracted in different  
              seasons.

Season Zones of inhibition (mm) at
62.5 ppm 125 ppm 250 ppm 500 ppm

Winter 6.95de 8.35cd 9.48c 12.5b
Spring 5.78e 6.9de 8.52cd 11.55b
Summer 7.38de 9.45c 12.65b 17.18a

*Means with same letters are not statistically different

Smallest zone of inhibition (5.78 mm) was observed for 
62.5 ppm concentration of essential oil extracted from 
spring harvest. All concentrations of summer harvest 
essential oil performed better than winter and spring 
harvest essential oil.

Essential oil extracted from summer harvest was most 
effective against Gram -ve bacteria X. axonopodis 
followed by P. syringae (Table 4). Winter harvest 
essential oil was most effective against P. syringae 
followed by B. thuringiensis. Spring harvest essential 
oil was also effective against P. syringae (Table 4). 
M. lacticum was least affected by essential oil from 
summer and winter essential oil.
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Table 4. Zones    of    inhibition    produced    by    lemongrass  
                essential  oil  extracted  in  different  seasons against  
                different bacteria. 

Season Zones of Inhibition (mm) against
B. 

thurngiensis
P. 

syringae
X. 

axonpodis
M.  

lacticum
Winter 10.02b-e 10.78a-c 8.28de 8.20d-f

Spring 8.12ef 9.28c-e 9.15c-e 6.20f

Summer 11.95ab 12.02ab 12.48a 10.20b-d

*Means with same letters are not statistically different

The data further show (Table 5) that antibacterial 
activity increased gradually against each bacterium 
by increasing the concentration. 500 ppm 
concentration was found most effective against 

B. thuringiensis followed by X. axonopodis and P. 
syringae. B. thuringiensis was least effected at 62.5 
ppm concentration. Many authors have reported 
antibacterial potential of different medicinal plants 
(Upadhyay et al., 2010 and Usano-Alemany et al., 
2013) who observed different antimicrobial activities 
during different seasons. Chokoe et al. (2008)
declared higher efficacy of autumn essential oil to 
spring essential oil of Carpobrotus edulis. Jafari et al. 
(2012) stated an increase in antimicrobial activity of 
lemongrass essential oil and methanloic extract with 
an increase in concentration.

Table 5. Effect of different concentrations of lemongrass essential oil on different bacteria 

Concentration (ppm) Zones of Inhibition (mm) against
B. thurngiensis P. syringae X. axonpodis M.  lacticum

62.5 ppm 5.4i 7.1hi 7.4f-i 6.9hi

125 ppm 7.13g-i 10.28c-e 8.03e-h 7.5f-i

250 ppm 9.47d-g 12.07bc 10.57cd 8.77d-h

500 ppm 18.13a 13.33b 13.87b 9.63d-f

*Means with same letters are not statistically different

Penetration of essential oil is facilitated through 
hydrophobic interactions in Gram + ve bacteria cell 
membrane while, Gram –ve bacteria appeared to be 
less sensitive to essential oils due to highly hydrophilic 
cell membrane (Ghasemzadeh and Ghasemzedeh, 
2011). During present studies, lemongrass was found 
most effective against Gram –ve bacteria which might 
be due to high citral contents in essential oil. According 
to Wilson et al. (2002), citral contents of lemon grass 
essential oil may vary from 65-85%. Sadiq and Khayyat 
(2010) found citral and citral epoxide more effective 
than nalidixic acid and ampicillin against methicillin 
resistant bacteria.

CONCLUSION
A good array of secondary metabolites and antioxidant 
and antibacterial potential was exhibited by lemongrass 
essential oil and plant extract. Higher concentrations 
of total phenols and total flavonoids were detected in 
summer harvest of lemon grass. Therefore, summer 
harvest would be more useful as natural antioxidant 
and antibacterial source. Further studies are required 
to explore antibacterial potential against pathogenic 
microbes.
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