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Determination of elemental, phenolic, antioxidant and flavonoid properties 
of Lemon grass (Cymbopogon citratus Stapf)

Abstract

Commonly consumed Ghanaian lemon grass for tea making were analysed for contents of 
Potassium (K), Chlorine (Cl), Calcium (Ca), Magnesium (Mg)  Manganese (Mn), Aluminium 
(Al), Copper (Cu) and Sodium (Na) across five locations using Instrumental Neutron Activation 
Analysis, in addition to total phenolic, antioxidant and flavonoid activities using standard 
methods. Potassium was the most abundance element and Cu was the least. Concentrations of 
these eight elements differed from location to location. Total phenolic activity in cold and hot 
percolations ranged from 1.3 to 4.7 mg and 2.6 to 7.3 mg of garlic acid equivalents (GAE)/g 
dw respectively; total antioxidant activity in cold and hot percolations ranged from 65.4 to 
81.3 % and 65.4 to 81.3% respectively; and total flavonoid concentration ranged from 6.9 to 
11.3 μg/g Quercetin Equivalent (QE) and 6.9 to 12.9 μg/g QE dry weight basis for cold and hot 
percolations respectively. The temperature of percolations therefore had pronounced effect on 
total phenol, antioxidant and flavonoid activities, which underscores the importance of boiling 
of lemongrass herbal teas to allow both simple and complex phenols to percolate faster and 
provide more antioxidant activities. 

Introduction

Lemon grass (Cymbopogon citratus Stapf) is 
a C4 tropical and sub-tropical grass. The leaves 
contain up to 1±5% dw essential oils, mainly citral 
with a typical lemonade aroma (Tovar et al., 2010). 
Citral is a mixture of isomeric acyclic monoterpene 
aldehydes, i.e., neral (cis-citral) and geranial (trans-
citral) (Rauber et al., 2005). The oil is used in 
fragrance formulations into numerous consumer 
products including geranial (39.0%), neral (29.4%). 
It myrcene (18.0%), geraniol (1.7%), and linalol 
(1.3%) (Chisowa et al., 1998). The grass possesses 
antifungal, mosquito repellent, insecticidal, anti-
diabetic, anti-septic, anti-carcinogenic in humans 
and anti-mutagenic properties towards chemical-
induced mutation in some Salmonella typhimurium 
strains. Japanese and Brazilians use tea prepared 
from C. lunatus to protect food from spoilage (Tiwari 
et al., 2010). In North Africa the lemon grass tea is 
considered a refreshing beverage due to its pleasant 
aroma and taste (IUCN, 2005). The inner core of the 
rhizome is consumes as an aphrodisiac. Furthermore, 
the herbal infusion is used as food and medicine to 
treat fever conditions in Togo and Ghana, nervous 
and gastrointestinal disturbances (Carlini et al., 

1986). In Nigeria, smoke from the burning grass is 
said to dispel temporary maniacal symptoms (Ayda 
et al., 2010). In North Africa, it is used as spices for 
seasoning food, fine fragrance for flavouring custard, 
traditional meat recipes, used as greens, salads, spices 
or condiments (Rivera et al., 2006). 

Oxidations in living organisms produce energy to 
fuel biological processes in addition to free radicals. 
The uncontrolled production of oxygen-derived free 
radicals is involved in the onset of many diseases 
such as cancer, rheumatoid arthritis, cirrhosis and 
arteriosclerosis as well as in degenerative processes 
associated with ageing. Phenolic compounds are 
important secondary metabolites that are responsible 
for important properties in foods and drinks, such as 
color, aroma, bitterness and astringency (Brossaud et 
al., 2001). Lemon grass contains natural antioxidants 
and anti-inflammatory agents which scavenge free 
radicals from the human body; lemon grass tea is 
an important source of bioactive compounds that 
could play a role in preventing oxidative damage and 
human diseases. Through this study, we expect to 
gain insights into different kinds of elements found 
in lemon grass and their concentrations across five 
locations in addition to total phenolic, antioxidant 
and flavonoid compositions under hot and cold 
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percolations. 

Materials and Methods

Source of materials
Lemon grass leaves were collected in July 2011 

from five locations in Southern Ghana. Sample PSI 
was collected from the Botanical Garden of the 
University of Ghana which is a mountainous area in 
the Greater Accra Region. Samples VVSA and VVSB 
were obtained from Valley View University Site A 
and B respectively: which is also a mountainous area 
within the same region as PSI. The two sites are about 
1.5 km apart. Samples AK1 and AK2 were collected 
from Akatsi training College which is a plane lowland 
area in the Volta Region. AK1 and AK2 are about 1.5 
km apart and Akatsi is about 160km from Accra.  

Chemicals
A 1,1-diphenyl1-2-picrylhydrazyl (DPPH), 

methanol, ethanol, Folin-Ciocalteau (FC) reagent, 
Sodium Carbonate (Na2CO3) and quercitin Gallic 
Acid (G.A) were  acquired from Sigma-Aldrich in 
South Africa. Potassium acetate and aluminium 
chloride were obtained from BDH in England. All 
the chemicals were of analytical grade.

The elemental composition of Lemon grass
The elemental composition of the grass was 

determined by using Instrumental Neutron Activation 
Analysis (INAA) Method (Žukowska and Biziuk, 
2008), which is an analytical technique based on 
the measurement of characteristic radiation from 
radionuclides formed directly or indirectly by neutron 
irradiation of samples (Parthasarathy, 1998). INAA 
method make it possible to simultaneous quantify 
many elements in a small amount of sample without 
chemical destruction.

Irradiation and counting 
The irradiation of samples was done in a 30 kw 

GHARR-1 facility at 5 x 1011 n.cm-2s-1 neutron flux 
at Ghana Atomic Energy Commission (GAEC). The 
samples were transported into and out of the reactor 
site by pneumatic transfer (“Rabbit”) system. The 
duration of irradiation was chosen according to decay 
time (half-lives) of elements (Table 1). The duration 
of 2 minutes is for short-lived nuclides with half-
lives in seconds and minutes; an hour with 24 hours 
delay time for medium-lived nuclides with half-lives 
in hours but not greater than 48 hours;  4 hours with 
2 to 3 weeks delay time for long-lived nuclides with 
half-lives greater than 2 days. Irradiation activated 
elements in the samples to radioactive nuclei state, 
which decays by emitting characteristic γ photons 

until returned to ground state with a characteristic 
half-life (Avino, 2009). The capsules were allowed 
to cool down until the level of activity is safe for 
handling (delay time). Counting was done in a high 
purity germanium well detector after 10 minutes 
of introduction of radioactive sample for short and 
medium nuclides and 10 hours for long lived radio 
nuclides measurements, respectively. 

Qualitative and quantitative analysis of elements
The peak area is proportional to the radioisotope 

activity using a closed-end coaxial germanium 
(HPGe) semiconductor detector which operates at bias 
voltage of 1.5 kV with accompanying γ-spectroscopy 
accumulation software. The photo-peak energy value 
is used to identify elements and integration of area 
under photo-peak of irradiated samples and the 
standards under identical experimental conditions is 
used to determine the concentration of elements in 
the sample. Samples were analysed in triplicates.

Cold and hot percolations 
Fifty-gram (50 g) of fresh lemon grass in triplicates 

were put in brown envelopes and dried at a temperature 
of 65°C to constant weight. Using mortar and pestle, 
the crispy leaves were homogenized into powder. 
Using cold (30°) temperature of percolation, a 0.7 g 
powder from each sample was added separately to 25 
ml of double distilled deionised water and maintained 
at this temperature for 4 hrs with continuous shaking. 
The same procedure was followed for hot (60°C) 
percolation and extracts were filtered. Another 25 ml 
of double-distilled deionised water was added to the 
mark and the extraction process repeated. The filtrates 
were pooled to provide a total of 50 ml extract for 
each sample. In triplicates, the extract concentrations 
(extraction yields) were determined by pipetting 2 

Table 1. contains nuclear data of radio-nuclides used for 
instrumental neutron analysis of minor and trace elements

Element Nuclear reaction Decay time* Used γ-ray energy 
(keV)

Al 27Al(n, γ)28Al 2.24m 1778.99
Ca 48Ca(n,γ)49Ca 8.72min 3084.4
Cl 37Cl(n,γ)38Cl 37.24min 1642, 2167
Cu 65Cu(n,γ)66Cu 5.1min/12.7h 1039/1.354
K 41K(n,γ)42K 12.36 h 1524.58
Mg 26Mg(n,γ)27Mg 9.45min 1014.43
Mn 55Mn(n,γ)56Mn 2.579 h 846.7; 1810.7; 2112
Na 23Na(n,γ)24Na 14.96h/15.02h 1368.8, 2754.1

*y = years, d = days, h = hours, m = minutes. Adopted from Filby et al., (1970).

Figure 1. Standard curve of the Total Flavonoid content 
of samples
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ml of filtered extract into pre-weighed petri-dish 
and evaporating off the solvents in an oven at 70°C 
to constant weight. The yield in 2 ml was used to 
standardize the remaining extracts which were stored 
at -20oC until required.

Determination of total phenolics content of C. 
citratus

The total phenolic contents in the cold and hot 
extracts were determined in triplicates following 
Folin-Ciocalteu method (Gao et al., 2000). A standard 
curve of absorbance (y) vs. Concentration(x) was 
drawn. A linear regression y = 1.736x + 0.159 (with 
R2 = 0.985) was obtained. The total phenolic content 
was estimated according to the formula: C = cV/m 
(McDonald et al., 2001), where C = Total phenolic 
content (GAE/g) dw, c = phenolic content (mg/ml) 
evaluated from the standard curve, V = volume of 
extract in ml (50 ml), and m = mass of the biomass in 
the extract (mg) in the reaction mixture. 

Determination of total antioxidant activity of extracts 
of lemon grass

The total antioxidant activity of the grass was 
determined in triplicates using 1,1-diphenyl 1-2-
picrylhydrazyl (DPPH) radical assay method 
(Botchway et al., 2007). The concentration of the test 
sample was determined by calculation based on the 
regression equation of the standard curve. Following 
Deore et al. (2009), the percentage scavenging 
inhibition (SI) of the test samples was calculated as:  
 

% scavenging inhibition (SI) 

Determination of total flavonoids content of lemon 
grass

Total flavonoid content of the extracts was 
determined by employing aluminium chloride 
colorimetric assay method (Jia, 1999) using quercetin 
as the standard in triplicates. The linear regression 
equation (y = 0.0433x; R² = 0.9733) was deduced. 
Total flavonoid concentrations of samples were 
extrapolated from standard curve Figure 1 and values 
were expressed in terms of quercetin equivalents 
(QE) per gram of plant extract.

Statistical analysis
The bar chart facility in Microsoft Excel was used 

to illustrate the relative concentrations of the common 
elements present in the grass. In addition, the effect 
of the temperature of percolation on total phenollics, 
total antioxidants and total flavonoids were analysed 
using GenStat release 9.2 software. Means which 

were significant at P < 0.05 were separated by their 
respective least significant differences of values.

Results

Elements present in lemon grass and their relative 
concentrations

The elemental composition of lemon grass from 
five locations is presented in Figure 2. It is evident 
that all samples contained eight common elements: 
K, Cl, Ca, Mg, Na, Al, Mn and Cu, no matter their 
environment of collection. The first four elements 
(i.e., K, Cl, Ca and Mg) were higher in concentrations 
than remainders. K had a minimum content of 17130 
mg/kg at PSI and a maximum of 28010 mg/kg at 
AK1, and an average of 24192 mg/kg. Chlorine 
had a minimum of 2116 mg/kg at PSI location to a 
maximum of 11040 in AK2. Cu had the lowest value 
of 1.0 at AK2 and a maximum value of 15 at VVB2 
respectively and with a mean value of 9 mg/kg. 

Phenolic activity of cold and hot percolations of 
lemon grass extracts

The total phenolics contents of the extracts are 
shown in Figure 3. The mean values of (i) lemon 
grass sources (average of hot plus cold percolations 
represented by AKI, AK2, PRI, VVSA and VVSB), 
(ii) hot percolation, (iii) cold percolation, and (iv) 
interactions between various samples sources and 
percolations were found to be statistically different 
at 5% significance level. Furthermore, the cold 
percolation extracts were significantly lower than 
those from hot percolations. Total phenolic contents 
in cold and hot percolations ranged from 1.3 to 4.7 
mg of GAE/g dw and 2.6 to 7.3 mg of GAE/g dw 
respectively. The ranking of phenolic contents from 
lowest to highest in cold percolation treatment was 
1.3 (VVSA), 1.8 (AK2), 2.0 (VVSB), 2.0 (PSI), 4.7 
(AK1) while that of hot percolation treatment was 2 
.6 (VVSA), 3.4 (VVSB), 5.4 (AK1), 7.4 (PSI) and 
7.3 (AK2) mg of GAE/g dw.

Antioxidant activity of cold and hot percolations of 
lemon grass extracts

Figure 4 shows the total antioxidant activity of 
cold and hot extracts. The mean values of (i) lemon 
grass sources (average of hot plus cold percolations 
represented by AKI, AK2, PRI, VVSA and VVSB), 
(ii) hot percolation, (iii) cold percolation, and (iv) 
interactions between various samples sources and 
percolations were found to be statistically different at 
5% significant level. Extracts obtained from the cold 
and hot percolations had similar total antioxidant 
activity. The total antioxidant activity in cold and hot 
percolations ranged from 65.4 to 81.3% and 65.4 to 
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81.3%, respectively. The ranking of total antioxidant 
activity of lemon grass from lowest to highest in cold 
percolation treatment was 61.4% (VVSA), 65.4% 
(VVSB), 74.6% (AK2), 77.3% (PSI), and 81.3% 
(AK1) and in hot percolation treatment was 65.4% 
(VVSB), 71.9% (VVSA), 74.6% (AK2), 77.3% (PSI) 
and 81.3% (AK1).

Flavonoid activity of cold and hot percolations of 
lemon grass extracts

Figure 5 shows the total flavonoid content of the 
C. citratus expressed in μg/g of Quercetin Equivalent 
(QE) in dw basis. The mean values of lemon grass 
sources (average of hot plus cold percolations 
represented by AKI, AK2, PRI, VVSA and VVSB), 

(ii) hot percolation, (iii) cold percolation, and (iv) 
interactions between various sample sources and 
percolations were found to be statistically different 
at 5% significance level. The extracts obtained 
from cold and hot percolations had similar total 
flavonoid content. Total flavonoid content in cold 
and hot percolations ranged from 6.9 to 11.3 μg/g of 
QE dw basis and 6.9 to 12.9 μg/g of QE dw basis, 
respectively. The ranking of flavonoid contents from 
lowest to highest in cold percolation treatment was 
6.9 (VVSA), 7.1 (VVSB), 7.6 (AK2), 10.7 (AK1), 
11.3 (PSI) and in hot percolation treatment was 6.9 
(VVSA), 7.1 (VVSB), 8.2 (AK2), 11.3 (PSI) and 
12.1 (AK1) μg/g of QE dw basis. 

Discussion

Elements present in lemon grass across five 
locations

Eight elements consisting of K, Cl, Ca, Mg, Mn, 
Al, Cu and Na were commonly found in five locations 
across both Greater Accra and Volta regions, although 
the sites of collection were over 160 km apart. This 
long distance of separation of sites implies the soil 
mineral compositions might have been different 
but lemon grass seemed to be undergoing selective 
absorption of similar minerals no matter how 
varied the soil and environmental conditions. Thus, 
differences in natural environments do not seem 
to have any influence on the quality of elements 
composed in the leaves of lemon grass. Therefore, 
elemental compositions of lemon grass are soil-type 
invariant. 

The relative concentrations of elements in lemon 
grass

The relative concentration of each element in 
lemon grass varies enormously. It was observed 
that the first four elements (i.e., K, Cl, Ca and Mg) 
were consistently higher in concentrations than the 
remaining four (i.e., Mn, Al, Cu and Na). Potassium 
was the most abundance element and Cu was the 
least. It was also observed that the concentrations 

Figure 2. The concentration of elements across five 
sources of lemon grass 

Figure 3. Total phenolic content of cold and hot 
percolations from lemon grass

Figure 4. Total antioxidant activity of cold and hot 
extracts of lemon grass

Figure 5. Total Flavonoid content of cold and hot extracts 
from lemon grass
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of elements across locations were different. Thus, 
the relative abundance of elements in samples might 
depend on available elements in the soil moisture. In 
decreasing order of ranking of average concentration 
of elements observed in samples was 24192 mg/kg 
for K, followed by 6946 mg/kg for Cl, 5849 mg/kg 
for Ca, 2327 mg/kg for Mg, 117mg/kg for Na, 58 mg/
kg Al, 39mg/kg for Mn, 9 mg/kg for Cu. Therefore, 
the quantitative elemental compositions differ from 
location to location whilst qualitative elemental 
composition remained the same across locations. 

Potassiun (K) content 
The importance of potassium is based on its 

influence on calcium homeostasis, particularly the 
urinary conservation and excretion of calcium. It also 
facilitates the transmission of nerve impulses and 
participates in the maintenance of the cardiac rhythm 
(Martin et al., 1985). The levels of potassium found 
in the samples ranged from 17130 to 28010 with an 
average of 24192 mg/kg. According to the United 
States Food and Drug Administration (FDA, 2000; 
Perkins-Veazie and Roberts, 2002), K provide health 
benefits if 1) a serving contains at least 10% of the 
recommended daily intake (RDI) of 3,500 mg K; 2) 
a serving contains no more than 140 mg sodium; 3) 
the food contains no more than 3 g saturated fat; 4) 
the food contains no more than 20 mg cholesterol; 
and 5) total saturated fatty acids contribute no more 
than 15% of the total caloric intake per serving. The 
average K level observed was higher than 1.56 g/
kg found in other medicinal plants (Serfor-Armah, 
2001). This implies lemongrass is a richer source of 
K for food supplements than some medicinal plants.

Chlorine (Cl) content
The chloride ion may play a more active and 

independent role in renal function (Toto et al., 1984), 
neurophysiology (Sackmann and Neher, 1984) and 
nutrition (Honeyfield and Froseth, 1985). In addition 
highly mobile ions easily cross cell membranes and 
help in maintaining proper osmotic pressure, water 
balance and acid–base balance. The minimum and 
maximum values of chlorine observed in our five 
samples are 2116 and 11040, respectively. The 
average concentration observed was 6946 mg/kg. 
The daily intake of chloride in salted food is about 
6 g (Meneely, 1973). The high level of Cl in lemon 
grass extract serves as the main extracellular anion 
in the body. 

Calcium (Ca) content
Calcium (Ca) acts as the main structural element 

of bones and teeth in humans and is essential for 

the formation of fibrinogen which is vital for blood 
clotting. Low calcium intake causes deficiency in the 
body leading to osteoporosis and rickets in children. 
The range of 4492 - 7570 mg/kg and the average 
value of 5849 mg/kg Calcium were obtained in 
the five lemon grass samples. The RDI for calcium 
reported was 800 mg for males and 1000 mg for 
females (Miller et al., 2010). Therefore lemon grass 
could supply sufficient Ca to correct osteoporoses 
and blood clothing problems.

Magnesium (Mg) content 
Magnesium is a co-factor for numerous body 

regulating enzymes and its functions include bone 
mineralization, protein building, nerve impulse 
transmission and teeth maintenance (Berdanier, 
1994). Adequate levels of intracellular magnesium 
and potassium are important in ensuring sufficient 
blood flow to the muscles and internal organs. 
Magnesium helps to maintain normal acid-base 
balance and the control of nerves excitation level of 
the heart (Whang, 1998). It transmits nerve signals 
and minimises an amount of calcium that would enter 
a nerve cell to avoid muscle twitches, spasms and 
even convulsions. Because magnesium is involved 
in activating the body’s main energy source (ATP), 
its absence results in general body weakness. The 
observed Mg composition of the lemon grass samples 
ranged from 1331 to 2847, with an average level of 
2327 mg/kg. The Recommended Daily Allowance 
(RDA) are 350 mg/day for men and 280 mg/day for 
women, with no serious kidney problems. Therefore, 
Lemon grass tea could serve as alternative source 
of magnesium, similar to some medicinal plants 
reported to contain 0.14 – 0.23 g/kg of magnesium 
(Dim et al., 2004).

Sodium (Na) content
Sodium together with Cl and K are electrolytes 

that maintain normal fluid balance inside and outside 
cells and a proper balance of acid and bases in the 
body. Deficiency of this element may result in muscle 
cramp and hypertension. When sodium intake in 
the form of sodium chloride is increased, it leads 
to increased renal calcium excretion to prevent gall 
stone formation, more than when sodium ingestion 
increased in the form of sodium bicarbonate or sodium 
acetate (Frassetto et al., 2001). The Na composition of 
the lemon grass sample ranged from 47 to 374, with 
an average of 117 mg/kg. These values observed were 
lower than the 500 mg/day minimum recommended 
daily allowance (RDA) for sodium in the United 
States (Mickleborough and Gotshall, 2004). Sodium 
intake will not be a problem in the face of adequate 
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calcium intake (Carbone et al., 2003) or potassium 
(Harrington and Cashman, 2003).

Aluminium (Al) content
Aluminium is naturally present in foods. The 

average Al concentration observed in lemon grass 
samples was 58 mg/kg and the range is 38-133 
mg/kg. The average aluminium intake for humans 
is 10 mg/day (Cuciureanu et al., 2000). In case of 
drug administration, the normal average intake 
may reach 50-1000 mg/day. The lemon grass could 
therefore represent the minor source of aluminium 
for humans. 

Manganese (Mn) content
Manganese (Mn) is known to play a key role 

in preventing diabetes, reducing symptoms of 
premenstrual syndromes and preventing epilepsy 
(Zhao et al., 2002). Adequate intake of Mn plays a vital 
role in preserving bone density against osteoporosis. 
The range of Mn obtained from the lemon grass 
sample was 15-55 mg/kg, and the average elemental 
composition was 39 mg/kg. The average level was 
higher than the RDI of 5 mg per day (Zhao et al., 
2002). 

Cupper (Cu) content
Copper (Cu) protects against oxygen radicals, 

enhances integrity of bones and lungs. It is a 
major component of collagen and elastin (Copper 
Development Association, 1984). The elemental 
composition of Cu from the lemon grass samples 
ranged from a minimum of 1.0 mg/kg to a maximum 
of 15 mg/kg, with a mean value of 9 mg/kg which 
was higher than 2 mg RDI of copper (Copper 
Development Association, 1984). 

Phenolic activity of lemon grass extract
The total phenolic content was higher in hot 

percolation than cold percolation since higher 
kinetic energy (endothermic) was provided to 
molecules to break bonds and increase their mobility 
and solubility. The total phenolic contents in cold 
percolation ranged from 1.3 to 4.7 mg of gallic acid 
equivalents (GAE)/g dw whilst in a hot percolation, 
it ranged from 2.6 to 7.3 mg GAE/g dw. This shows 
that solubility increases with increase in temperature. 
Cold percolation might contain more simple and fast 
soluble phenols than complex and less soluble ones. 
Flavonoid is among simple sub-group of phenols and 
is expected to become more soluble than complex 
phenols. This finding underscores the importance of 
boiling herbal preparations prior to drinking to allow 
dissolution of both simple and complex water soluble 

phenolic compounds. The range of hot percolation 
observed (260-740 mg GAE/100 g dw) had compared 
favourably with the total phenolic content of 644.0 
mg GAE/100 g reported for lemon grass (Chan et al., 
2010). 

Antioxidant activity of lemon grass extract
A single solvent was used for extraction but 

sufficient time was allowed for effective extraction, 
moreover the extraction was carried out twice with 
20ml of water to ensure effective percolation. The total 
antioxidant activity for the lemon grass in cold and hot 
percolations ranged from 65.4 to 81.3% and 65.4 to 
81.3%, respectively. These values were comparable 
to total antioxidant activity of various types of foods 
using DPPH in water method. It may however be 
lower than an extraction technique which allows 
simultaneous use of different solvents, because fat 
soluble antioxidants can dissolve in organic solvents 
to add up to total soluble antioxidants from aqueous 
solvents. It should be noted that the total antioxidant 
activity of fat soluble components could not be 
determined under DPPH extraction with aqueous 
media method because lemon grass has citral (77%) 
and limonene (8.5%), which induces activities of 
both lipophilic and hydrophilic antioxidants (Miron 
et al., 2010) but the lipophilic antioxidants activity is 
more effective than hydrophilic antioxidants (Tyagi 
and Malik, 2010). Therefore, these categories of un-
available lipophilic anti-oxidants might not react with 
DPPH to reduce its radicals in aqueous medium.

Flavonoid activity of lemon grass extract
A significant effect of temperature of percolations 

on antioxidant properties of lemon grass extract was 
observed. Total flavonoid content of the extracts 
expressed in μg/g of Quercetin Equivalent (QE) 
dw basis shows that cold percolations at 30°C of 
lemon grass have similar total flavonoid content as 
hot percolations at 60°C. The total flavonoid content 
observed in cold and hot percolations ranged from 6.9 
to 11.3 μg/g QE dw and 6.9 to 12.9 μg/g QE dw basis 
respectively. According to Kähkönen et al. (1999), 
the antioxidant activity does not necessarily correlate 
with high amounts of phenolics. This underscores the 
importance of examining both phenolic content and 
antioxidant activity when evaluating the antioxidant 
potential of lemon grass extracts. Likewise, high 
flavonoid content assayed with aluminium chloride 
colorimetric method (Jia, 1999) using Quercetin as 
standard does not necessarily mean a high antioxidant 
capacity of samples (Park et al., 1997). The AlCl3 
colorimetric test for flavonoids (Chang et al., 2002) 
does not measure those flavonoids that do not bear 
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the characteristic chelating functional groups for Al 
binding. Essentially flavones (e.g., chrysin, apigenin, 
luteolin, etc.) and flavonols (e.g., quercetin, myricetin, 
morin, rutin, etc.) react with Al3+, while flavanones 
and flavanols react with Al3+ slowly (Chang et al., 
2002). The flavonoid fractions of total phenolic was 
the most active against species involved in oxidative 
damage processes (Figueirinha, 2008). The flavonoids 
obtained in lemon grass could constitute favourably 
to human health. 

Conclusion

Eight elements were common to five sources of 
lemon grass samples. The relative concentrations 
of these elements vary significantly. Potassium 
was the most abundant element found and Cu was 
the least. The relative abundance of elements in 
samples might depend on soil composition but the 
constancy of eight elements across potential variable 
environmental conditions attest to the fact that the 
crop might be selective in absorption of elements 
from the environment and therefore elemental types 
found in the leaves were not necessarily dependent 
on environmental variability. The total phenolic, 
antioxidant and flavonoid compositions had the 
following ranges: total phenolic contents in  the cold 
percolation ranged from 1.3 to 4.7 mg of garlic acid 
equivalents (GAE)/g dw while  hot percolations ranged 
from 2.6 to 7.3 mg GAE/g dw. The total antioxidant 
activity in cold and hot percolations ranged from 
65.4 to 81.3% and 65.4 to 81.3%, respectively. Total 
flavonoid contents ranged from 6.9 to 11.3 μg/g 
QE dw and 6.9 to 12.9 μg/g QE dw basis for cold 
and hot percolations, respectively. The temperature 
of percolations was found to have a pronounced 
effect on antioxidant properties of the extract in the 
total phenolic total antioxidant and total flavonoids 
scavenging activities. The flavonoid fractions was 
the most active against species involved in oxidative 
damage processes and could constitute a potentially 
important source of compounds with favourable 
effects for human health even at cold percolation. 
These findings underscores the importance of boiling 
herbal preparations before drinking to allow both 
simple and complex soluble phenols to percolate 
more into solution and provide more antioxidant 
activities. 
 
References

Avino, P. 2009. Impurity measurements by instrumental 
neutron activation analysis on palladium, nickel 
and copper thin-films. In Berdanier, C.D. (Eds). 
15th International Conference on Condensed Matter 

Nuclear Science. Advanced Nutrition-Micronutrients. 
CRC Press, New York, p. 23. Rome, Italy: ENEA.

Ayda, K. A., Neffati, M., Smiti, S., Faléc, P., Lino, A. 
R. L., Serralheiro, M. L. M. and Araújo, M. E. M. 
2010. Antioxidant, antiacetylcholinesterase and 
antimicrobial activities of Cymbopogon schoenanthus 
L. Spreng (lemon grass) from Tunisia. LWT - Food 
Science and Technology 43 (2): 331–336.

Botchway, S.W., Crisostomo, A.G., Parker, A.W. and 
Bisby, R.H. 2007. Near infrared multiphoton-induced 
generation and detection of hydroxyl radicals in a 
biochemical system. Archives of Biochemistry and 
Biophysics 464: 314 –321.

Brossaud, F., Cheynier, V. and Noble, A. 2001. Bitterness 
and astringency of grape and wine polyphenols. 
Australian Journal of Grape and Wine Research 7: 33-
39.

Carbone, L.D., Bush, A.J., Barrow, K.D. and Kang, A.H. 
2003.The relationship of sodium intake to calcium and 
sodium excretion and bone mineral density of the hip 
in postmenopausal African-American and Caucasian 
women. Journal of Bone and Mineral Metabolism 21: 
415–420.

Carlini, E.A., Contar, J.D.P., Silva-Filho, A.R., Silveira-
Filho, N.G., Frochtengarten, M.L. and Bueno, O.F.A. 
1986. Pharmacology of lemongrass (Cymbopogon 
citratus Stapf). I. Effects of teas prepared from 
the leaves on laboratory animals. Journal of 
Ethnopharmacology 17: 37-64.

Chan, K.L., Tsang, K. T. Kong, B. and Zheng, Y.-C. 
2010. Lunar regolith thermal behavior revealed by 
Chang’E-1 microwave brightness temperature data. 
Earth and Planetary Science Letters 295: 287–291.

Chang, C.-C.; Yang, M.-H. , Wen, H.-M. and Chern, 
J.-C. 2002. Estimation of Total Flavonoid Content 
in Propolis by two Complementary Colorimetric 
Methods. Journal of Food and Drug Analysis 10: 178-
182.

Chisowa, E. H., Hall, D.R. and Farman, D. I. 1998. Volatile 
constituents of the essential oil of Cymbopogon 
citratus Stapf grown in Zambia. Journal of Flavour 
and Fragrance 13(1): 29-30.

Copper Development Association. 1984. Copper and 
human health – A review. Technical Note 34, 2-12.

Cuciureanu, R., Urzică A, Voitcu M. and Antoniu, A. 
2000. Assessment of daily aluminium and phenolic 
acids in Greek aromatic plants: investigation of their 
antioxidant capacity and antimicrobial activity. Journal 
of Food Chemistry 95(4): 664–671.

Deore, S. L., Khadabadi, S. S., Baviskar, B. A., Khadabadi, 
S. S., Khangenbam, R. A., Koli, U. S., Daga, N. P., 
Gadbail, P. A.  and Jain, P.A. 2009. In vitro Antioxidant 
activity and Phenolic Content of Croton caudatum. 
International Journal of ChemTech Research 1(2): 
174-176.

Dim, I.A., Funtua, I.I., Oyewale, A.O., Grass, F., Umar, I.M., 
Gwozdz, R. and Gwarzo, U.S. 2004. Determination 
of some elements in Ageratum conyziodes, a tropical 
medicinal plant, using instrumental neutron activation 
analysis. Journal of Radioanalytical and Nuclear 



1978 Godwin et al./IFRJ 21(5): 1971-1979

Chemistry 261(1): 225–228.
Figueirinha, A., Paranhos, A., Pe´rez-Alonso, J. J., Santos-

Buelga, C. and Batista, M.AT. 2008. Cymbopogon 
citratus leaves: Characterisation of flavonoids by 
HPLC–PDA–ESI/MS/MS and an approach to their 
potential as a source of bioactive polyphenols. Journal 
of Food Chemistry 110: 718–728.

Filby, R.H., Davis, A.I., Shah, K.R., Wainscott, G.G., 
Haller, W.A. and Cassat, W. A. 1970. Gamma 
ray energy tables for neutron activation analysis. 
Washington State University Technical Bulletin. pp: 
23-35.

Food and Drug Administration. 2000. Health claim 
notification for potassium containing foods. Center for 
Food Safety and Applied Nutrition. http://vm.cvsan.
FDA.gov. 

Frassetto, L., Morris, R.C. Jr., Sellmeyer, D.E., Todd, and 
Sebastian, K. A. 2001. Diet, evolution and aging-
the pathophysiologic effects of the postagricultural 
inversion of the potassium-to-sodium and base-to-
chloride ratios in the human diet. European Journal of 
Nutrition 40: 200 –213.

Gao, X.; Ohlander, M., Jeppsson, N., Björk, L. and 
Trajkovski, V. 2000. Changes in antioxidant effects 
and their relationship to phytonutrients in fruits of 
sea buckthorn (Hippophae rhamnoides L.) during 
maturation. Journal of Agriculture Food Chemistry 
48: 1485-1490.

Harrington, M. and Cashman, K. D. 2003. High salt intake 
appears to increase bone resorption in postmenopausal 
women but high potassium intake ameliorates this 
adverse effect. Nutrition Review 61: 179–183.

Honeyfield, D.C. and Froseth, J.A. 1985. Effects of 
dietary sodium and chloride on growth, efficiency of 
feed utilization, plasma electrolytes and plasma basic 
amino acids in young pigs. Journal of Nutrition 115: 
1366-1376.

IUCN. (2005). A guide to medicinal plants in North Africa. 
ISBN: 2, 8317-0893-1. 256p. 

Jia, Z., Mengcheng, T. and Wu, J. 1999. The determination 
of flavonoid contents in mulberry and their scavenging 
effects on superoxide radicals. Food Chemistry 64: 
555–559.

Kähkönen , M. P., Hopia, A. I., Vuorela, H. J., Rauha, 
J., Pihlaja, K., Kujala, T. S. and Heinonen, M. 1999. 
Antioxidant activity of plant extracts containing 
phenolic compounds. Journal of Agriculture Food 
Chemistry 47: 3954-3962.

Martin, Jr., D.W., Mayers P.A., Rodwell, V.W. and Granner, 
D. K. 1985. Harper’s Review of Biochemistry, 20th ed. 
Lange Medical Publications, California 1: 651–660.

McDonald, S, Prenzler, P.D., Autolovich, M. and Robards, 
K. 2001. Phenolic content and antioxidant activity of 
olive extracts. Food Chemistry 73: 73-84.

Meneely, G.R. 1973. A review of sources of and the toxic 
effects of excess sodium chloride and the protective 
effect of extra potassium in the diet. Plant Foods for 
Human Nutrition  23(1-3) p. 3 - 31.

Mickleborough, T. D. and Gotshall, R. W. 2004. Dietary salt 
intake as a potential modifier of airway responsiveness 

in bronchial asthma. The journal of alternative and 
complementary medicine 10 (4):  633–642.

Miller, M., Yeo, Y. C., Khor, M. J., Clover, E. and Magarey, 
A. 2010. Repeatability of a Short Food Frequency 
Questionnaire to Assess Calcium Intake in Older 
Australians. Journal of Aging Research 1: 5-6.

Miron, T.L., Gazi, I. and Moral, M. P. D. 2010. Romanian 
aromatic plants as sources of antioxidants. Innovative 
Romanian Food Biotechnology 6: 18-24.

Park, Y. K., Koo, M. H., Ikegaki, M. and Contado, J. L. 
1997. Comparison of the flavonoid aglycone contents 
of Apis mellifera propolis from various regions of 
Brazil. Brazilian Archives of Biology and Technology 
40: 97-106.

Perkins-Veazie, P. and Roberts, W. 2002. Can Potassium 
Application Affect the Mineral and Antioxidant 
Content of Horticultural Crops?  In T.W. Bruulsema, 
(Ed.) Proceedings of the Symposium on Fertilizing 
Crops for Functional Food pp. 2-5.

Parthasarathy, T.K., Borgsmiller, P. and Cohlan, B. 1998. 
Effects of Repetition Rate, Phase and Frequency 
on the Auditory Brainstem Response in Newborn 
Neonates and Adults. Journal of American Academy 
of Audiology 9: 134-140.

Rauber, C.,  Guterres, S. S. and Schapoval, E. E.S. 2005. 
LC determination of citral in Cymbopogon citratus 
volatile oil. Journal of Pharmaceutical and Biomedical 
Analysis 37: 597–601.

Rivera, D., Obo´n, C., Heirich, M., Inocencio, C., Verde, 
A. and Fajardo, J. 2006. Gathered Mediterranean food 
plants–ethnobotanical investigation and historical 
development. In Heinrich, M., Mu¨ller, W. E. and 
Galli, C.  (Eds.), Local Mediterranean food plants and 
nutraceuticals. Forum Nutrition 59:18–74.

Sackmann, B. and Neher, E., 1984. Patch clamp techniques 
for studying ionic channels in excitable membranes. 
Annual Review Physiology 46: 455 - 472.

Serfor-Armah, Y., Nyarko, B. J. B., Akaho, E. H. K., Kyere, 
A. W. K., Osae, S., Oppong-Boachie, K. and Osae, 
E. K. J. 2001. Activation analysis of some essential 
elements in five medicinal plants used in Ghana. 
Journal of Radioanalytical and Nuclear Chemistry 
250(1): 173–176.

Tiwari, M., Dwivedi, U.N. and Kakkar P. 2010. 
Suppression of oxidative stress and pro-inflammatory 
mediators by Cymbopogon citratus D. Stapf extract 
in lipopolysaccharide stimulated murine alveolar 
macrophages. Food and Chemical Toxicology 48: 
2913–2919.

Toto, R.D., Hulter, H.N., Mackie, S. and Sebastian, A. 
1984. Renal tubular acidosis induced by dietary 
chloride. Kidney International 25(1): 26 - 32.

Tovar, L. P.,  Maciel,  M. R. W., Pinto, G. M. F., Filho, 
R. M. and Gomes, D.R. 2010. Chemical engineering 
research and design 88: 239 – 244.

Tyagi, A. K. and Malik, A. 2010. Liquid and vapour-phase 
antifungal activities of selected essential oils against 
candida albicans: microscopic observations and 
chemical characterization of cymbopogon citrates. 
Complementary and Alternative Medicine 10(65): 



Godwin et al./IFRJ 21(5): 1971-1979 1979

1-11.
Whang, R. 1998. Electrolyte and water metabolism in 

sports activities. Comprehensive Therapy 24: 5-8.
Zhao, Y., Oberley, T. D., Chaiswing, L., Lin, S. M., 

Epstein, C. J., Huang, T. T. and Clair, D. 2002. 
Manganese superoxide dismutase deficiency enhances 
cell turnover via tumor promoter-induced alterations 
in Ap-1 and P53-mediated pathways in a skin cancer 
model. Oncogene 21(24): 3836-3846.

Žukowska, J. and Biziuk, M. 2008. Methodological 
Evaluation of Method for Dietary Heavy Metal Intake. 
Journal of Food Science 72(2): 21-29


