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Abstract Solid residues obtained after essential oil

extraction from Cymbopogon winterianus Jowitt (Java

citronella) was explored as a potential source of phenolics/

antioxidant. Both the non-distilled plant materials and their

solid residues were extracted with Soxhlet extraction

method using solvents of various polarity viz. petroleum

ether, chloroform, ethyl acetate, acetone, ethanol, metha-

nol, water and various combination of (50% and 75%) of

methanol, ethanol, and acetone in water. Different antiox-

idant assays like 2,2-diphenyl-1- picrylhydrazyl (DPPH),

2,20-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)

(ABTS), superoxide anion (SO) radical scavenging assay,

ferric-reducing antioxidant power (FRAP) and iron

chelating ability along with total phenol (TPC) and flavo-

noid content (TFC) was measured to evaluate the extract.

Compared to distilled materials, the non-distilled plant

materials had significantly higher TPC/TFC content and

also exhibited higher antioxidant activities. 50% aqueous

methanol showed the highest extractive yield, whereas

75% aqueous methanol exhibited the highest TPC and TFC

content. The 50% or 75% aqueous methanolic extract also

exhibited the highest DPPH, ABTS and SO scavenging

activity and ferric-reducing antioxidant power activity.

However, ethyl acetate and 75% aqueous acetone extract of

non-distilled and distilled plant materials, respectively

showed the highest iron chelating activity. The half

maximal effective concentration (IC50 = lg/mL) for

DPPH, ABTS, SO and metal chelating ability in non-dis-

tilled plant extract ranged from 64–387, 92–761, 285–870,

and 164–924, respectively, and corresponding value of

distilled materials ranged from 144–865, 239–792,

361–833 and 374–867, respectively. The EC50 (lg/mL) for

FRAP assay ranged from 118–840 and 151–952 for non-

distilled and distilled materials, respectively. The findings

of this study indicate the potential of these by-products as a

natural antioxidants source.
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Introduction

In India, the cultivation of the economically important

aromatic plants like Cymbopogon winterianus Jowitt (Java

Citronella) is gaining importance. Java Citronella yields

essential oil known as citronella oil and hydro-distillation

or steam distillation is normally used to extract essential

oils. But the average percent essential oil yield obtained

from this plant gives an account only up to 1% of the whole

plant (Saha et al. 2019). World production of citronella oil

is about 1600 tons/year and India produces almost 500 tons

of oils/year with the acreage of 9000 ha (Nandapure et al.

2016). So, a substantial amount of waste (liquid/solid) is

generated every year during essential oil extraction that is

of concern if they are not managed properly.

Use of this biomass for generating energy (Alfa et al.

2014) or compost (Deka et al. 2011) requires huge

investment, and composting is not always preferred as

some of the aromatic plants have anti-germinative prop-

erties (Martino et al. 2010). Recently there is an increasing
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trend of use of agricultural waste as an inexpensive and

sustainable resource for phenolic compounds and their

possible use as natural/safe antioxidants (Santana-Méridas

et al. 2012). Aromatic plants contain numerous antioxidant

compounds like phenols, terpenes, nitrogen compounds,

ascorbic acid, etc. During the extraction of essential oil,

most of these phenolic compounds remain in the solid

spent, as they are non-volatile and non-degradable with

thermal treatments. Reports are also available about the

presence of valuable polyphenolic dietary antioxidants in

hydro-distillation residues of aromatic plants (Parejo et al.

2002; Tsimogiannis et al. 2017).

Nevertheless, antioxidant properties are not only

depends on method of extraction, but also the type of

extraction solvent used due to the polarity differences of

the bioactive compounds (Gavarić et al. 2015). Thus, sol-

vent selection is a key step for efficient recovery of

bioactive compounds. US Food and Drug Administration

(FDA 2012) define ethanol, acetone, and ethyl acetate as

Class 3 solvent due to their less toxicity as far as the human

health is concerned. Chloroform, petroleum ether and

methanol are categorized as Class 2 solvents and should

have limited use due to their inherent toxicity. Sometime

combination of water with polar solvents like acetone,

ethanol and methanol shows maximum antioxidant activity

of extract as compared to sole solvent. Here, we intended to

determine the extraction potential of different Class 2

(methanol, chloforom and pethroleum ether), Class 3

(ethanol, ethyl acetate and acetone) solvents, water and the

different combination of polar solvents (acetone, methanol

and ethanol)/water @ 50:50 (v/v) or 75:25 (v/v) on the total

phenolic/flavonoids yield from distillation waste of Java

citronella and evaluation of their antioxidant potential for

possible use in food sectors.

Although, extensive studies have been carried out for

essential oils extraction from Java citronella, but limited

information is available regarding the antioxidant activity

of this aromatic plant. In order to exploit Java citronella as

a potential source of natural antioxidants, extract of both

non-distilled and distilled plant residues were evaluated in

this study. This work aimed to study the content of phenols/

flavonoids variability amongst the different solvent extract

obtained from Java citronella fresh and hydro-distilled

residue, and also to evaluate their in vitro antioxidant and

chelating activities. Thus, this strategy will possibly

revalorize the Java citronella waste obtained from essential

oil distillation industry, and also helps in understanding the

prospective usage of aromatic plant waste biomass as a

potential source of natural antioxidant.

Materials and methods

Plant materials

Java citronella plant materials were obtained from the

experimental farm of ICAR-Directorate of Medicinal and

Aromatic Plants Research (DMAPR), Anand, Gujarat,

India. The freshly harvested plant materials were cut into

small pieces and dried for 1 week at room temperature

under dark condition. When the drying process completed,

part of biomass was used for extraction of essential oil and

another part of the dried biomass was grounded and pre-

served for further analysis.

Chemical and reagents

Gallic acid, quercetin, Folin and Ciocalteu’s reagent, alu-

minium nitrate, sodium carbonate, sodium nitrite, sodium

hydroxide, DPPH (2,2-diphenyl-1-picrylhydrazyl), ABTS

[2, 20-azinobis (3-ethylbenzothiazoline-6-sulfonic acid)

diammoinium salt], ferrozine [3-(2-pyridyl)-5,6-diphenyl-

1,2,4-triazine-4,4-disulfonic acid sodium salt], NBT (ni-

troblue tetrazolium), PMS (phenazine methosulphate),

NADH (nicotinamide adenine dinucleotide reduced),

potassium persulfate, potassium ferricyanide (K3Fe(CN)6],

TCA (trichloro acetic acid), ferric chloride, ferrous

ammonium sulfate, Tris–HCl buffer, monosodium phos-

phate and disodium phosphate were procured from Sigma-

Aldrich, Germany, Hi-Media, Mumbai, India, or Sisco

Research Laboratories, India. Different solvents were

obtained from Merck, India.

Distillation

The essential oils were extracted from dried Java citronella

(200 g) plant materials by hydro-distillation in 2 L of water

for 180 min using a Clevenger-type apparatus. The by-

product i.e., distillation solid waste obtained after essential

oil extraction was dried at room temperature for 48 h,

grounded and preserved for further use. The waste liquid

materials, remaining after essential oil extraction, was fil-

tered and obtained as de-odorized extract was also used as

a liquid waste.

Soxhlet extraction

Soxhlet apparatus was used in this study for extraction.

Grounded non-distilled plant materials or distilled by-pro-

duct (25 g) was extracted with different polarity organic

solvents (250 mL) such as petroleum ether (pet ether),

chloroform, ethyl acetate, acetone, ethanol, methanol,

water, and combination of water and different ratio (50%
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and 75%) of methanol, ethanol and acetone (Fig. 1).

Extraction was carried out thrice in the same condition and

then extracts were combined and evaporated under vacuum

using vacuum evaporator. The combined water and organic

solvent extracts were freeze-dried to remove the water and

solvent. The yield of the dried extract was determined and

finally the dried extract was kept in safe place.

Total polyphenols content (TPC) estimation

TPC of the different extracts were determined using Folin–

Ciocalteau (FC) method (Singleton et al. 1999) followed by

spectrophotometric analysis. Extract solution (0.5 mL) was

mixed with FC reagent (0.5 mL) followed by the addition

of distilled water (8.5 mL) and incubated at room tem-

perature for 10 min. Then, sodium carbonate (20%;

1.5 mL) was added to this mixture and the content was

boiled in a water bath for 20 min. After cooling, absor-

bance of the mixture was measured spectrophotometrically

(at 755 nm). Gallic acid equivalent [mg GAE/g of the dry

extract (DE)] was used to express the TPC content.

Estimation of total flavonoids content (TFC)

The method described by Wang et al. (2012) was used to

determine TFC content with suitable adjustment. Aliquot

extract (1 mL) was transferred into a 25 mL of volumetric

flask and mixed with sodium nitrite (5%; 1.0 mL) for

6 min. Then aluminium nitrate (10%; 1.0 mL) was added,

and the mixture was shaken (6 min) and finally sodium

hydroxide (4%; 10 mL) was added to this. The mixture was

then diluted with ethanol to make 25 mL solution and

absorbance was measured spectrophotometrically

(510 nm). Quercetin equivalent/g of dry extract (DE) was

used to express the flavonoid content.

Antioxidant potential of fresh and distillation waste

of Java citronella

1, 1-diphenyl-2-picryl- hydrazil (DPPH�) radical
scavenging assay

A method developed by Liyana-Pathiranan and Shahidi

(2005) was used for determining the DPPH radical scav-

enging potential of different extracts with minor modifi-

cation. Methanolic solution of DPPH (0.1 mM/L; 1 mL)

was mixed with 3.0 mL aliquot of (conc. 50–1000 lg/mL)

methanolic solution of different extracts and then the

mixture was kept in dark at room temperature (30 min).

The absorbance of the mixture was measured spectropho-

tometrically at 517 nm. The capacity of scavenging DPPH

radical was calculated as: DPPH radical scavenging

activity (%) = (A517 of control–A517 of sample) 9 100/

A517 of control. The concentration of extract (lg/mL)

which scavenge 50% of the DPPH radicals were calculated

and expressed as IC50 value.

ABTS radical scavenging assay

The method described by Re et al. (1999) was used for the

ABTS radical scavenging assay. Here, ABTS cation was

generated by reaction between ABTS (7 mM) and potas-

sium persulfate (2.45 mM) at room temperature for 12 h

under dark condition. This ABTS stock solution was

diluted with appropriate volume of methanol to get an

absorbance of 0.706 ± 0.001 in spectrophotometer (at

734 nm). An 1 mL of aliquot of extracts (conc.

50–1000 lg/mL) was reacted with ABTS solution (1 mL)

and after 7 min, the absorbance of the mixture was mea-

sured at 734 nm. The capacity of scavenging ABTS radical

was recorded and IC50 value was calculated similar to the

inhibition activity (%) of DPPH radicals.

Hydro-distillation

Petroleum
ether

Chloroform Ethyl 
acetate

Acetone Ethanol Methanol Water 75% and 50% aqueous 
acetone, ethanol and methanol

Soxhlet extraction with

Post-distillation solid wasteDe-odorized water extract

Desiccation

Dry plants

Fresh plant of Java citronellaFig. 1 Flow chart of the

processing of samples
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Reducing/antioxidant power (FRAP) assay

Various concentration of extracts (conc. 50–1000 lg/mL)

dissolved in methanol were mixed with phosphate buffer

(0.2 M; pH 6.6; 2.5 mL) and K3[Fe(CN)6] [1% (w/v);

2.5 mL]. Then the mixture was incubated at 50 �C
(20 min) and allowed to cool at room temperature. After

that the TCA solution (10%; 2.5 mL) was added to this

mixture. A 2.5 mL portion of this aliquot mixture was

withdrawn and mixed with ferric chloride solution (0.1%;

0.5 mL). After 10 min, the absorbance reading in spec-

trophotometer was recorded at 700 nm. Increased absor-

bance of the reaction mixture indicates higher reducing

power. The extract concentration giving 0.5 absorbance

value (EC50: lg/mL) was calculated from the graph.

NBT superoxide (SO) radical scavenging assay

Superoxide anion radicals scavenging activity was deter-

mined according to the method described by Liu et al.

(1997). 1.0 mL of different extracts solution (conc.

50–1000 lg/mL) was mixed with Tris–HCl buffer

(16 mM, pH 8; 0.5 mL), NBT (0.3 mM; 0.5 mL), NADH

(0.93 mM; 0.5 mL), and PMS (0.12 mM; 0.5 mL) and

incubated at 25 �C (5 min) and then absorbance was

measured at 560 nm. The percent NBT decolourization of

the extract and IC50 values was calculated similar to the

inhibition activity (%) of DPPH radicals.

Ferrous ion chelating activity

For ferrous ion chelating activity, a method developed by

Lim et al. (2007) was used. Ferrous ammonium sul-

fate (0.125 mM/L; 1 mL) and ferrozine (0.3125 mM/L;

1.0 mL) were mixed with extracts (conc. 50–1000 lg/
mL;1.0 mL) and equilibrated for 10 min before being

measured spectrophotometrically (at 562 nm). Chelating

capacity was calculated by comparing the control, which

consists of iron and ferrozine only. The same formula for

inhibition activity (%) of DPPH radicals as mentioned

earlier was used to calculate the IC50 value (lg/mL).

Statistical analysis

Data from each solvent within the same matrix were sub-

jected to one-way analysis of variance (ANOVA) followed

by a Duncan multiple range test (DMRT) by using SPSS-

20 (SPSS Inc., Chicago, USA) to determine the significant

mean differences. Significant differences between non-

distilled and distilled plant materials were calculated by

Student’s t test using EXCEL (Microsoft Corporation,

USA). Pearson’s correlation matrix between TPC, TFC and

1/IC50 or 1/EC50 value of the entire antioxidant assay was

also computed.

Results and discussion

Extraction yield

Previous studies revealed that Soxhlet extraction is more

efficient in terms of extraction yield as compared to the

other extraction methods like ultrasonic (Annegowda et al.

2012), supercritical CO2 extraction (Plánder et al. 2012)

and accelerated solvent extraction method (Shen and Shao

2005). So, in this study, we have chosen Soxhlet method as

an extraction process. Previous reports also indicate that

addition of water to organic solvents like acetone, metha-

nol, and ethanol increases the polarity of the extraction

medium and thus facilitates the extraction of phenolic

compounds (Do et al. 2014). So, other than the sole sol-

vent, we have also used 75 and 50% aqueous (Aq) polar

organic solvent mixture for the extraction.

Polar solvents were more effective as compared to non-

polar solvent for extraction yield for both fresh and dis-

tillation waste samples. Among the polar solvent, yields

varied from 4.1% (acetone) to 15.6% (50% aq methanol)

for fresh plant materials (Fig. 2). The decreasing trend of

yields of extraction for fresh plant materials was as fol-

lows: 50% aq methanol & 50% aq ethanol[water &
75% aq methanol [ 75% aq ethanol[methanol[
ethanol & 75% aq acetone [ 50% aq acetone[ ace-

tone & petroleum ether[ ethyl acetate[ chloroform

(Fig. 2). The trend was almost similar to distillation waste.

It can be noticed that for both fresh and distilled plant

materials, the yield of pure methanol extract (6.23–8.3%)

was higher as compared to that of pure ethanol

(5.31–6.36%) and pure acetone (2.15–4.1%) extract, which

indicates the proportional relationship of extraction yield

and solvent polarity. Although the water extracts yielded

(8.1–12.36%) more than that of the pure methanol extract

(6.23–8.3%), but the yield of aq methanol extract (from

9.87 to 12.32% for 75% aq methanol to 10.23–15.6% for

50% aq methanol) was superior than the pure methanol and

water. This exhibits that the extraction yield proportionally

enhances with the increased water content in the polar

solvent. With reference to the extraction yield, pure water

seems to be superior solvent as compared to aqueous

acetone and in few cases also superior to aq ethanol.

Higher yield in water extract may be due to the extraction

of compounds other than phenolics. As the proteins and

carbohydrates are more soluble in methanol and water than

ethanol and acetone and hence resulted to higher extraction

yield. Compounds, which are soluble in both water and/or

organic solvent, may get extracted in water/organic solvent
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combination and consequently the total yield was

increased. The results corroborated the previous study of

extraction yield of rice bran (Chatha et al. 2006), banana

peel (González-Montelongo et al. 2010) and in some

medicinal plants (Do et al. 2014).

The extraction yield of de-odorized water extract was

found to be the highest among the different solvent. A

comparison between the present study and previous reports

is not feasible as the experimental condition may be totally

different from the present study. However previous studies

also reported the high extractive yield of de-odorized water

of different aromatic essential oil bearing plant like ore-

gano (36%), rosemary (24%), sage (25%) (Dorman et al.

2003) and for thyme (29–37%) (Dorman et al. 2003;

Gavarić et al. 2015). The reason may be that water may

extract a large amount of components from the original

plant material. As compared to fresh plant materials,

extraction yield from distillation waste was very low. Singh

et al. 2014 reported 16.32 and 6.35% extractive yield,

respectively for aqueous and ethanolic extract of fresh

Cymbopogon winterianus leaves.

Total phenolic content (TPC)

The TPC in the non-distilled plant materials was higher

than the by-product (Fig. 3a). This result was expected as a

fraction of the phenolic compounds may be removed along

with oil extracted during hydro-distillation process. This

loss ranged between 22 and 52.7%, depending on the type

of solvent used for extraction. TPC (mg GAE/g of DE)

value in the different extract of non-distilled materials

ranged from 1.99 ± 0.11 (pet ether)-79.6 ± 2.48 (75% aq

methanol) and for distilled by-product, it was ranged from

1.01 ± 0.01 (pet ether)-54.29 ± 4.68 (50% aq methanol).

Results also revealed that methanol and ethanol were

found to be better solvent for extraction of TPC due to their

polarity and good solubility for phenolic compounds. Low

polarity solvents like pet ether and chloroform showed

much lower ability in extracting TPC. Due to intermediate

polarity, ethyl acetate showed better ability to extract the

phenolics than the acetone. However, the addition of water

to the absolute polar solvent like acetone, methanol and

ethanol resulted in higher TPC yield due to increase in

polarity. For instance, the extraction yield of TPC from the

non-distilled plant material followed the order 75% aq

methanol & 50% aq methanol[methanol[ 75% aq

ethanol[ ethanol & 50% aq ethanol[ ethyl acetate[
75% aq acetone[ aceotone[ 50% aq acetone & wa-

ter[ chloroform[ pet ether. In non-distilled plant mate-

rials, TPC content in 75% aq methanol extract and 50% aq

methanol extract were statistically non-significant. It was

also found that with increasing the amount of water (50%)

in the aqueous solvent for ethanol and acetone, there was a

decrease in TPC. 75% aq ethanol extract and 75% aq

acetone extract showed higher TPC content than the

absolute and 50% aqueous solvent mixture of the same

solvent. For distilled by-products, the results were also

following the similar trends. From the Fig. 3a it can be

easily inferable that up to 75% aqueous solvent combina-

tion was best extracting solvent for extraction of phenolics

than the 50% aqueous solvent combination and absolute

solvent. Higher water content may result in extraction of

non-phenol compounds such as carbohydrate and terpene,

which may increase the yield of the extract but not the

phenolic content.

The extract of de-odorized water, though highest

amount of yield was obtained, but was not only poor in

TPC content than the methanoloic and ethanolic extract of

fresh plant but also poor than the distilled plant materials of

same extract. This indicates that there was a possibility of

carbohydrate richness in de-odorized extract, which

attributed to higher extraction yield but not the biological

activity. But still its TPC content was higher than the other

low or non-polar solvent extract, indicates its moderate
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potential as a source of natural phenolics. Dorman et al.

(2003) also reported about the antioxidant potential of de-

odorized aqueous extracts of some Lamiaceae herbs. As the

limited information is available about the phenol content in

C. winterianus distillation waste, this study may provide

useful information of the phenolic content of the distilla-

tion residue of the aromatic plants. As compared to present

study, Kusmardiyani et al. 2016 reported discrepant phenol

concentration (125.3 mg/g DE) in ethanolic extract of non-

distilled plants of C. winterianus. These discrepancies may

be due to the different factors affecting the extraction

method and also the granulometry of plant materials.

Sources of raw materials are also known to be another

possible reason for this variability as this can affect the

phenolic compound content of plant matrix.

Total flavonoid contents (TFC)

The TFC of the extracts is presented in Fig. 3b. The vari-

ability of TFC (mg quercetin equivalent/g DE) content

ranged from 0.59 ± 0.12 (chloroform)-36.5 ± 2.04 (75%

aq methanol) for different extract of the non-distilled plant

materials. For the distillation waste, the values ranged from

0.61 ± 0.09 (pet ether) - 25.63 ± 1.79 (75% aq
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methanol). Compared to non-distilled plant materials, there

was almost 21.8–48.3% loss of the TFC content in distilled

by-product. The trend of solvent effect on extraction of

TFC was similar with TPC. TFC content in 75% aq

methanol extract was highest followed by the 50% and

100% methanol extract. In aromatic plant Thymus vulgaris,

methanol was also found to be the best solvent for

extraction of flavonoid (Hossain et al. 2013). With the

increase of water content in ethanol or acetone up to 25%,

the TFC content in the extract was also increased. How-

ever, further increase in water content (50%), the TFC

content in the extract was decreased. In this study, flavo-

noid content in all the solvent extract was lower than the

corresponding total phenolic content as the flavonoid is one

of component of tolal phenolics in the extract. Compared to

present study, Kusmardiyani et al. 2016 found little higher

amount of flavonoid (almost 120 mg quercetin equivalent/g

DE) in non-distilled Java citronella. The composition of

flavonoid compounds is highly influenced by the location

where the samples are collected and also the dominant

climatic and environmental factors.

Antioxidant activity of the extract

The antioxidant activity of both fresh plant and solid

residues of Java citronella was assessed by using five

spectrophotometric analysis methods. These include three

radical scavenging activity assays, one assay of each

reduction of iron metal, and metal chelating ability. The

reason for selecting these assay method was due to their

simplicity, sensitivity and reproducibility.

DPPH radical scavenging activity

Solvent characteristics are the most important parameter,

which influences the antioxidant capacities. To select the

most appropriate solvent, the antiradical scavenging

activity (DPPH�) was evaluated either using pure solvents

or different combination of water/polar solvent mixture

(Fig. 1). The concentrations of the extract giving a 50%

DPPH free radicals inhibition i.e. IC50 values ranged from

64.2 (75% aq methanol)-386.5 lg/mL (chloroform) for

fresh plant and 144.1 (75% aq methanol)-865.2 lg/mL

(chloroform) for by-product (Table 1). The lower value of

IC50 indicates that the extract had the highest antioxidant

activity. In both the matrices, the highest DPPH scavenging

potential was shown by 75% aq methanol extract. Next

suitable solvent system was 50% aq methanol, followed by

absolute methanol. IC50 values for extracts of acetone,

ethanol and their aqueous mixture were higher than

methanol and its aqueous mixture. The lowest activity was

found in chloroform extract (Table 1). However, compared

to the fresh plant extract, by-product showed lower DPPH

scavenging potential. Depending upon the solvent system

used, IC50 values of by-product extracts were 64.7–157%

higher as compared to the corresponding values for non-

distilled plant materials. These results also indicate that the

aqueous-organic solvent mixtures are more suitable for

extracting DPPH� scavenging agents. Solvent polarity, and

their antioxidant extractability potential might have played

an important role for this variable observation.

Analogous to the results of phenolic content, the lowest

activity was exhibited by petroleum ether, ethyl acetate and

chloroform and de-odorized water extracts showed mod-

erate potential. Several reports indicate that extractability

and antioxidant activity increases by the addition of low

percentages of water to the solvent like methanol and

ethanol (Gavarić et al.2015; Do et al. 2014). Ethanol/water

(75:25) extract of Thymus vulgaris showed maximum

antioxidant activity as reported by Gavarić et al. 2015. The

similar trend was also established by Tohidi et al. 2017

where 80:20 methanol/water was used for extraction of

phenolics and DPPH scavenging activities of fourteen

Thymus accessions.

The antioxidant potential of Java citronella has not yet

been well studied. The scavenging activity of Java citro-

nella oil as tested by Leite et al. 2010 reported a much

lower IC50 (12.66 ± 0.56 lg/mL) value which may be due

to the rich presence of geraniol (36%) and citronellal

(42.7%) in oil. Nevertheless, the DPPH scavenging

potential of Java citronella leaf extract as in this study was

lower than the value reported by Kusmardiyani et al. 2016

for the Java citronella leaf extract (IC50:\ 50 lg/mL).

ABTS radical cation scavenging activity

ABTS assay determined the scavenging potential of ABTS

radical by antioxidant compounds. Similar to DPPH assay,

75% aq methanol extract of fresh plant materials showed

the highest ABTS radical scavenging potential. However,

in distilled plant residues, 100% methanol showed the best

activity. The water extract showed inferior ABTS scav-

enging potential than the aqueous organic solvent mixture

and was significantly lower from that of the others polar

solvents (p\ 0.05). For distilled plant residues, concen-

tration range of pet ether and chloroform extract in this

study was not sufficient to inhibit the 50% ABTS free

radicals. These results also re-affirmed the significant

effects of extraction solvent mixtures on ABTS scavenging

activity evaluation. Thus, 75% aq methanol might be the

appropriate solvent for extraction of antioxidants to scav-

enge maximum ABTS radical (Table 1). Fresh plant

materials showed lower IC50 values for ABTS assay as

compared to distilled by-products. Depending upon the

type of solvent used, IC50 values of by-product extracts
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increased from 37.5 to 184.5% as compared to the corre-

sponding values for non-distilled plant materials (Table 1).

From the IC50 values, it is easily understandable that IC50

determined by DPPH assay were comparatively lower than

the value obtained in ABTS assay though for ABTS assay the

reactions rate is faster than DPPH (Naik et al. 2006) and

consequently lower IC50 value is expected for ABTS assay.

Brown sorghum samples showed minimal difference between

IC50 values of DPPH and ABTS assay as reported by Awika

et al. 2003. Factors like stereo-selectivity of the radical

molecules or extractability of different solvents might have

affected the capacity of extract to react and quench different

radicals (Yu et al. 2002). However, Dhanani et al. 2013

showed higher IC50 value for ABTS assay than DPPH assay

for the Withania somnifera extract.

Ferric reducing antioxidant power (FRAP) assay

Ability of an antioxidant to reduce Fe3? to Fe2? in a redox-

linked colourimetric reaction is measured by FRAP assay.

Here, the Fe3?/ferricyanide complex is reduced to Fe2?

form in the presence of antioxidants. The extract concen-

tration providing an absorbance of 0.5 (EC50) was calcu-

lated from the graph and EC50 values are given in the

Table 1 which indicates the potential electron-donating

capacity of all the extracts, as we are able to calculate the

EC50 values for all the extracts in the studied concentration

range. Here also, 75% and 50% aq methanol extract

showed maximum reducing power and the values were

significantly higher than that of the other extracts for all the

concentrations. 100% methanol extract results lower

reducing potential than its aqueous combination. Aq etha-

nol and aq acetone extracts showed intermediate value.

Non-polar solvent extracts showed least activity. The

extract of aqueous mixture of polar solvent showed low

EC50 in-terms of FRAP value when compared with indi-

vidual solvents (Table 1). The ranges of the EC50 value of

different studied extract varied from 117.7 ± 0.5 (75% aq

methanol)-840.3 ± 17.9 lg/mL (chloroform) for the non-

distilled plant material and from 151 ± 3.6 (75% aq

methanol)-951 ± 21.8 lg/mL (chloroform) for the by-

product, respectively. Here also the EC50 values of by-

product extract is 3.6–46.4% higher than the values related

to fresh plant materials. Kusmardiyani et al. (2016) mea-

sured the FRAP in ethanolic extract of Java citronella and

obtained EC50 values of approximately 12.22 lg/mL

showing reducing power values were higher than those

obtained in present study.

Superoxide anion radical scavenging activity (SO)

Although superoxide anion is a weak oxidant, it generates

strong and dangerous hydroxyl radical and at the same time

it produces singlet oxygen, which leads to oxidative stress.

The IC50 values presented in the Table 1 showed that all

the extracts of less polar solvent (pet ether and chloroform)

and some acetone extracts did not exhibit any SO activity.

Except 75% aq ethanol, other aqueous acetone/ethanol

extracts showed moderate activity. Venugopalan et al.

(2008) also reported the inefficiency of non-polar solvents

extract to show any super oxide anion scavenging activity.

For non-distilled plant materials, 50% aq methanol extract

showed maximum activity (IC50 = 285.3 lg/mL)

(Table 1), and the same was for distilled by-products. By-

product extract showed lower SO activity and its IC50

values increases from 21.6 to 105.3% as compared to non-

distilled plant materials. Surprisingly, de-odorized water

extract showed good SO activity. These observations dif-

fered from the DPPH and ABTS scavenging activity.

Parejo et al. (2002) also found that surprising value for

superoxide scavenging activity in distilled plant of Arte-

misia dracunculus and Achillea millefolium. Robak and

Gryglewski (1988) reported that antioxidant activity of

flavonoids is mainly by scavenging superoxide anions and

moderate TFC in the extract of the present study may be

reason for moderate to poor SO activities.

Fe21 ion chelating activity

Metal chelating capacity is important phenomenon as it

reduced the concentration of catalyzing transition metal in

lipid peroxidation (Chakraborty et al. 2015). Thus, metal

chelating activity of Java citronella plant materials and

distilled waste is expressed in terms of ferrous ion chelat-

ing capacity where the extract interfered with the formation

of ferrous and ferrozine complex. This indicates the

chelating capacity of the extract as it is expressed by

capturing ferrous ion before ferrozine.

IC50 of different extract ranged from 173.4 (ethyl acet-

ate)- 764.7 lg/mL (pet ether) and 373.6 (75% aq acetone)-

867 lg/mL (50% aq methanol), for fresh plant materials

and by-products, respectively (Fig. 4). Pet ether, chloro-

form and water extract of distilled by-products showed no

IC50 values in the studied concentration range. On the

contrary, Sabeena-Farvin and Jacobsen 2013 reported the

superiority of water extract of seaweed over ethanolic

extracts in-terms of ferrous ion chelating activity. Another

discrepancy was that the ethyl acetate and aq acetone

showed a better chelating capacity as compared to the

methanol/ethanol or aqueous/methanol/ethanol mixture,

though the former showed lower content of phenolics/fla-

vonoides and other antioxidant activities. This indicates

that chelating capacity does not solely depend on the total

phenol/flavonoid content and may be associated with the

presence or absence of particular chemical group of phe-

nolics. Similarly, Ortiz-de Elguea-Culebras et al. (2017)
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also reported low correlation between phenols and iron

chelating activity of distillation waste of four aromatic

plants.

Coefficients of Pearson’s correlation among total

Phenols/flavonoid content and different antioxidant

assay

A multiple correlation analysis was performed for both

non-distilled plant and by-product extracts to evaluate the

association between the TPC, TFC and corresponding

antioxidant assay derived as 1/IC50 values (Table 2). Sig-

nificant correlations were found between DPPH, ABTS,

FRAP and SO assays and TPC. In the fresh plant, TPC

showed the highest correlation with 1/IC50 value for DPPH,

whereas TPC of by-product exhibit highest correlation with

FRAP assays. SO, assay showed the lowest but significant

correlation with the TPC in both fresh and by-product.

Significant positive correlations were also found between

TFC and different antioxidant activity. In fresh plant, TFC

showed highest correlation with 1/IC50 value derived from

ABTS assay and for by-product maximum correlation of

TFC was with 1/IC50 value of DPPH and FRAP assay. The

lowest but significant correlation was found between SO

assay and TFC in both fresh and by-product. TPC showed

higher correlation with antioxidant assay as compared to

the TFC. However, for fresh plant materials, the correlation

was non-significant between metal chelating activity with

TPC and TFC and was negatively associated for by-prod-

ucts. A strong positive correlation was found between the

TPC and TFC (Table 2) irrespective of type of matrix

[r = 0.949 (p\ 0.01) and 0.928, (p\ 0.01), respectively].

A poor correlation between metal chelating activities and

flavonoids/phenolics content was also reported by Ortiz-de

Elguea-Culebras et al. (2017).
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Table 2 Correlation between phenolics, flavonoids and antioxidant activity

Non-distilled plant materials

TPC TFC 1/IC50

DPPH

1/IC50

ABTS

1/EC50

FRAP

1/IC50 SO 1/IC50 Metal

chelating ability

Distilled By-

product

TPC 1 0.949** 0.965** 0.925** 0.957** 0.914** 0.046

TFC 0.928** 1 0.920** 0.928** 0.892** 0.888** 0.135

1/IC50 DPPH 0.902** 0.856** 1 0.979** 0.989** 0.861** 0.078

1/IC50 ABTS 0.877** 0.792** 0.928** 1 0.959** 0.814** 0.167

1/EC50 FRAP 0.907** 0.856** 0.997** 0.916** 1 0.854** 0.077

1/IC50 SO 0.759** 0.703** 0.719** 0.536** .736** 1 - 0.595**

1/IC50 Metal

chelating ability

- 0.536** - 0.402* - 0.445* - 0.410* - 0.458* - 0.787** 1

*Correlation is significant at P = 0.05 level (2-tailed), **Correlation is significant at P = 0.01 level (2-tailed)
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Significant correlations were also found between the

various antioxidant assay, especially between DPPH and

FRAP assays, [r = 0.989 (p\ 0.01) and 0.997, (p\ 0.01)

for fresh plant and distilled by-product, respectively],

(Table 2) and DPPH and ABTS assays [r = 0.979

(p\ 0.01) and 0.928, (p\ 0.01) for fresh plant and dis-

tilled by-product, respectively] (Table 2). A good correla-

tion was also found between the 1/IC50 values of FRAP and

ABTS assay also. The lowest correlations were found

between the SO assay and others. However, the correlation

was non-significant between 1/IC50 values of metal

chelating activity and other antioxidant assay (except SO,

where it is negative)for fresh plant of Java citronella and it

was negative for by-products. The results revealed that

several factors such as type of extraction solvent, the

sample material and type of phenolic/flavonoid compounds

which react in different ways in these assays.

Conclusion

The distillation residue of Java citronella produces a non-

profitable waste, which can be valorized as a potential source

of natural antioxidants. The content of total phenolics/flavo-

noids as well as antioxidant activity was highly dependent on

type of solvent used and it was found that aqueous combi-

nation of polar solvent showed better efficiency on extraction

of the compounds from both non-distilled and distilled plant

materials. Aqueous 75% and 50% methanol were found to be

the best solvent for extracting total phenolics/flavonoids as

well as antioxidant activity of extracts in terms DPPH, ABTS,

SO and FRAP assay. However, ethyl acetate and aq acetone

extract showed maximum iron chelating ability. Results of

this study showed that the distillation waste of Java citronella

exhibits moderate antioxidant potential and it’s antioxidant

activity was lower than the original plant materials. However,

recovery of appreciable amounts of antioxidants from the

hydro-distilled by-product indicates that this could be

exploited as a natural and safe antioxidant source for dietary

applications. Further extensive investigation on phyoto-

chemical composition and characterisations of this Java

citronella distillation waste are still required for better

exploitation of this agro-waste.
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Herraiz-Peñalver D, Sánchez-Vioque R (2017) Chemical com-

position and antioxidant capacities of four Mediterranean

industrial essential oils and their resultant distilled solid by-

products. Eur J Lipid Sci Technol 119(12):1700242. https://doi.

org/10.1002/ejlt.201700242

Parejo I, Viladomat F, Bastida J, Rosas-Romero A, Flerlage N,

Burillo J, Codina C (2002) Comparison between the radical

scavenging activity and antioxidant activity of six distilled and

non-distilled Mediterranean herbs and aromatic plants. J Agric

Food Chem 50(23):6882–6890. https://doi.org/10.1021/

jf020540a

Plánder S, Gontaru L, Blazics B, Veres K, Kéry A, Kareth S, Simándi
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