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Phytochemicals are naturally occurring bioactive chemical compounds produced
by plants and play a significant role in preventing chronic diseases like heart diseases, cancer
and neurodegenerative disorders. The aim of the current study was to investigate the effects of
different drying methods [sun-dried (SD), shade-dried (ShD), oven-dried (OD) and microwave-
dried (MD)] on phytochemicals and antioxidant properties of leaves of Cymbopogon citratus.
Following the drying process an aqueous extract of the leaves of C. citratus was prepared.
Qualitative analysis of extract showed the presence of alkaloids, flavonoids, phenolics,
Phytosteroids, tannins, carbohydrates, glycosides, terpenoids, proteins and amino acids. The
range of total protein content was 122.43 * 4.15 to 314.91 * 5.11 ug BSAE / mg dry extract,
carbohydrate content 147.75 * 8.01 to 313.17 * 3.00 ug GE / mg dry extract, phenol content
107.01 * 7.30 to 155.94 * 4.94 ug GAE / mg dry extract and flavonoid content 176.02 + 5.85 to
340.84 * 6.00 ug QE / mg dry weight in aqueous extract (SD, ShD, OD and MD) of C. citratus.
Moreover, MD leaves extract showed the strong potential against DPPH free radicals with
IC50 = 222.81 * 7.57 ug/ml, the highest reducing capacity as evaluated by the ferric reducing
antioxidant assay and the highest nitric oxide scavenging activity with IC50 = 141.98 * 6.65 ug/
ml. Overall, microwave drying (MD) was found better than sun drying, shade drying and oven
drying methods for leaves of C. citratus based on higher availability of bioactive compounds
and preserved.

Keywords: Antioxidants; Cymbopogon citratus; Drying methods; Free radicals;
Oxidation stress; Pphytochemicals.

Free radicals are molecules or atoms
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contain unpaired electrons, making them highly
reactive and unstable in chemical interactions with
other molecules. They originate by three elements
viz oXygen, giving rise to reactive oxygen species
(ROS), nitrogen, giving rise to reactive nitrogen
specie (RNS) sand sulfur, giving rise to reactive
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sulfur species (RSS) !. First time free radicals
were identified in the 1950_in biological system
2. Free radicals are generated from two sources:-
Endogenous and Exogenous sources (Fig 1) °.
They are the cause of oxidative stress which is
defined as the imbalance between the ROS/RNS
and cellular oxidant defenses *. It leads to cell
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death (apoptosis), oxidative stress associated
with many diseases including cancer diabetes,
neurodegenerative diseases, hypertension, aging,
and cardiovascular diseases etc. >°. Plants are rich
sources of natural antioxidants such as polyphenols,
flavonoids, anthrocyanin, tannins and, can be used
in many forms such as fresh and raw or dry plant
materials, in the form of tea, and extract form with
different solvents * which play important role in
neutralizing free radicals or reduce oxidative stress
and prevent different human diseases. *!
Cymboposgon citratus

Lemon grass (also known as citronella)
is a common name of Cymbopogon citratus, a
member of Poaceae family. 140 species (apprx.)
of Cymbopogon are widely spread, grow across
the semi-temperate and tropical regions of Asian,
American and African continents. Lemon grass is
also known as aromatic grass due to its volatile
oils."”? Leaves of lemon grass are used as sedatives
for the central nervous system.'* Several bioactive
compounds of Lemon grass have medicinal value
with various ethnopharmacological applications.'
According to WHO, more than two-thirds of
the population depend on herbal medicine that
an important part of healthcare industries in
developing countries.'s Scientific name of lemon
grass Cymbopogon derived from the Greek words
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“Kymbe” (boat) and “pogon” (beard), which refers
to the flower spike arrangement.'

Several studies have shown the presence
of carbohydrates, fats, proteins, minerals, fibres
and other bioactive components in lemon grass
that play a vital role in human health. These can
be classified under several categories including
alkaloids, flavonoids, tannins, terpenoids, phenols
and saponins. Furthermore, phlobotannins,
anthraquinones, steroids and cardiac glycosides
were found in the extract of lemon grass.'”"* Lemon
grass has been used in the treatment of cough, flu,
fever, leprosy, malaria, digestive disorders and
many other diseases.'**° Infusion of lemon grass
are also consumed as beverage for treatment of
the inflammatory diseases due to its therapeutic
properties.” The aqueous extract of lemon grass has
a potential to reduce the level of blood sugar and
cholesterol.”? Lemon grass has also been utilized
by people of the subcontinent to cure rheumatic
pain, nausea, headaches and cold. * Herbals teas
with lemon grass have been commonly used as a
pleasant tonic, beverage and to cure fever hacking
and cold.*

The aim of current study was to find
out the effect of different drying methods [(sun-
dry (SD), shade dry (ShD), oven-dry (OD) and
microwave-dry (MD)] on the qualitative and
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quantitative changes with high-quality bioactive
molecules or materials that can be used for various
applications.

MATERIALS AND METHODS

Chemicals

All analytical-grade chemicals were used
in this study including Benedict’s reagent, Folin-
Ciocalteu reagent, benzene (C, H,), ammonia
(NH,), lead acetate Pb (CH,COO),, lodine solution
(I,), ninhydrin (C;H,O,), nitric acid (HNO?),
chloroform (CHCL,), tannic acid (C,H,0,/),
ferric chloride (FeCl,), potassium iodide, (KI),
a-naphthol (C H,O), sodium chloride (NaCl),
sodium nitroprusside (SNP), sodium carbonate
(Na,CO,), sodium hydroxide (NaOH), gallic acid
(C,H,O,), quercetin (C H O,), ferric sulphate
(FeSO,), potassium ferricyanide K [F.(CN),],
trichloroacetic acid (TCA), and L-ascorbic acid
were obtained from Mumbai, Sisco Research
Laboratories Pvt, Ltd, India. Merck Life Science,
Pvt, Ltd, Mumbai, India, provided the following:
1,1-diphenyl-2-picrykhydrazyl radical (DPPH),
acetic anhydride (C,H,O,), aluminium chloride
(AICl,), sodium bicarbonate (Na,CO,), absolute
ethanol, methanol and hydrochloric acid (HCI)
were used.
Collection of leaves of C. citratus

In May 2022, young and soft leaves of C.
citratus were obtained from the garden of Shobhit
Deemed-to-be University, Modipuram, Meerut,
were cut in to small pieces and washed with tap
water followed by distilled water to remove dust
particles present on the surface of leaves.
Drying process of leaves

Samples were divided into four equal parts
and dried using different drying methods

Sun drying (SD): 250 g leaves were spread
on a tray and dried in direct sun light. Weight of
the samples were recorded after every one hour
and continuously dried till constant weight.

Shade drying (ShD): 250 g leaves were
spread on blotting paper and dried in shade at room
temperature (25-27°C) till constant weight.

Oven drying (OD): 250 g leaves dried in
hot air oven (UFB 500, Memmert, Germany) at 50
+ 5°C for 12 hours and weighed after every one
hour, dried till constant weight.?

Microwave drying (MD): 250 g leaves
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were placed on glass plate in microwave (Sharp
R-248E; 750W) for 4 minutes and weight was
recorded after every 30 second till constant
weight.?

Thereafter, samples were coarsely
powdered using mortar and pestle followed by in
electric grinder to obtain fine powder, stored in
airtight container at room temperature.
Preparation of extract (s) and percentage of
extract recovery

50 g powder from each dried sample
was mixed with boiled distilled water in separate
beakers, placed on magnetic stirrer hot plate by
continuous swirling for 30 minutes at 150 +2°C and
650 rpm. After that each extract was filtered using
house hold tea strainer and finally with filter paper.
All extracts were concentrated using rotavapor
evaporator (BUCHI R-300, BUCHI Labortechnik,
Flawil, Swetzerland) and thereafter lyophilized
(Lyophilizer (-55°C, Sub-Zero Lab Instruments,
Chennai, India)*’ with minor modification, and
stored in airtight glass container at 4°C for further
analysis. Percentage of yield of samples was
calculated using following formula:

Final weight of extract (g)

Yield (%) = x 100

Initial weight of raw material (g)

Ash content analysis

Two g of sample was heated in muffle
furnace for 6 hours at 550 + 5°C. Ash was obtained
free from carbon and cooled in a desiccators and
weighed ?®. Percentage was calculated using
following formula:

Final Weight of ash (g)

Ash content (%) = — - -
Initial Weight of raw material (g)

x 100

Qualitative photochemical analysis

Qualitative photochemical analysis for
Alkaloids, flavonoids, phenolics, steroids, tannins,
carbohydrate, proteins and amino acids, terpenoids,
glycolsides and saponin was made *-%,
Tests for Alkaloids

Wagner’s reagent test: Crude extract was
mixed with 5 mL of HCL (1%) and gently stirred
and filtered, 1 mL of filtrate was added to Wagner’s
reagent resulting in reddish-orange precipitate that
confirmed the presence of alkaloids.
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Tannic acid test: Two drops of Hager’s
reagent were mixed with 1 mL of above filtrate and
the formation of light-yellow precipitate indicated
the presence of alkaloids.

Tests for Flavonoids

Alkaline reagent test: In 1 mL of extract
added few fragments of magnesium ribbon and
then conc. Hydrochloric acid was added drop
wise, observation of a light pink colour confirmed
flavonoids.

Shinoda test: 1 mL of 2% aqueous NaOH
(w/v) was mixed with 1 mL of extract, immediate
observation of intense yellow colour which turned
to colourless after addition of few drops of dilute
HCl indicated the presence of flavonoids.

Test for Phenolic compounds

Ferric chloride test: Two or three drops
of 5% ferric chloride solution (w/v) were gently
mixed with 1 mL of extract. A dark green colour
was observed that confirmed phenolic.

Iodine test: One or two drops of diluted
2% iodine solution (w/v) were mixed with 2 mL of
extract, formation of transient red colour confirmed
the presence of phenolic compounds.

Test for Phytosterols

Salkowski test: 1 mL of extract was
treated with 1 mL of chloroform and a few drops of
concentrated sulfuric acid were added carefully, test
tube was vigorously shaken and allowed to stand
for 2 minutes. Observance of reddish colour in the
lower layer of chloroform confirmed the presence
of phytosterols.

Liebermann-Burchard test: 2 mg of
extract was dissolved in 2 mL of acetic anhydride,
1 mL of this solution was treated with two drops of
concentrated sulfuric acid carefully. Observance of
brown ring at the interphase and turned the upper
layer a dark green colour indicated the presence of
phytosterols.

Test for Carbohydrates

Molisch’s test: 1 mL of extract was
mixed with 1 mL of Molisch’s reagent (a solution
of a-naphthol in ethanol) then added one mL of
concentrated sulfuric acid carefully. Formation of a
purple ring formation at the interface between two
layers confirmed the presence of carbohydrates.

Benedict’s reagent test: 2 mL of extract
treated with Benedict’ reagent and boiled,
precipitate of reddish-brown (brick red) colour
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settles down at the bottom of the test tube indicated
the presence of carbohydrates.
Test for Glycosides

Killer Kilani test: 1 mL extract was
treated with glacial acetic acid and few drops of
ferric chloride (5%) and two drops of concentrated
sulfuric acid. Reddish- brown colour was observed
between two layers, confirmed glycoside was
present.

Modified Borntrager’s test: 1 mL of
extract was mixed with 5 % solution of ferric
chloride and boiled for 1 minute in hot water bath,
cooled at room temperature and treated with an
equal volume of benzene and ammonia solution.
Blood-red colour appeared in the ammonia layer
indicated the presence of glycosides.

Test for Tannins

Ferric chloride test: 1 mL of extract mixed
with 1-2 drops of ferric chloride solution (5 %),
appearance of brownish-green colour confirmed
the presence of tannins.

Lead acetate test: 1 mL of extract was
treated with 2 drops of lead acetate solution (10
%), detection of creamy precipitate indicated the
presence of tannins.

Test for Proteins and amino acids

Ninhydrin test: 2 mL of extract was treated
with 5 % ninhydrin solution which prepared in
acetone and kept in hot water bath for 5 minutes,
the development of violet colour was indication of
proteins and amino acids.

Xanthoproteic test: 1 mL of extract was
mixed with 2-3 drops of conc. Nitric acid. A yellow
colour confirmed the presence of proteins.

Test for saponins

Foam test: 2 mL extract was taken in a test
tube, mixed with 2 mL of distilled water, vortexed
for 2 minutes. Formation of approximately 2 cm.
thick layer in the test tube which was stable for
10-15 minutes, confirmed the presence of saponins.

Olive oil test: 2 mL of extract was
mixed with three drops of olive oil and vortexed.
Formation of soluble emulsion was indication of
presence of saponins.

Test for Terpenoids

2 mL of extract was treated with 2 mL of
chloroform (CHCI,) and then added conc. sulfuric
acid along the side of test tube carefully. A reddish-
brown layer observed in the inner phase of this
solution, confirmed the presence of terpenoids.
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Quantitative Biochemical Analysis

The protein content: The protein content
was determined using Lowry’s method ' with few
modifications. About 60 pl of extract was mixed
with 40 pl of distilled water and 100 pl of freshly
prepared Lowry’s reagent was added, allowed
to stand at room temperature for 10 minutes.
Thereafter, 50 pl of Follin-Ciocalteu reagent (1:10)
was added and further incubated for 30 minutes at
room temperature. The absorbance of test extract
was measured at 650 nm against blank. The protein
content of extract was expressed as ug of BSA
(Bovine Serum Albumin) equivalent per mg of
dried extract.

The Carbohydrates content: The
carbohydrates content was measured using
Anthrone reagent method *2. 100 mg of extract
was boiled with 5.0 mL of 2.5 N HCl in water bath
and cooled at room temperature, then centrifuged
at 3000 rpm for 5 minutes, 0.005 pl supernatant
was taken to which distilled water was added
make up the volume to 1 mL and suspended solid
was discard. 2 mL of Anthrone reagent (Anthrone
reagent was dissolved in ice cold 95 % sulfuric acid
in 2:1 ratio) was added in this mixture and allowed
to heat on a water bath at 100°C for 5-10 minutes
and cooled at room temperature. The absorbance
was measured at 630 nm. Different concentration
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of Glucose was used as standard calibration curve.
The carbohydrate content of extract was expressed
in ug of Glucose equivalent (GE) per mg of dried
extract.

Quantitative Phytochemical Analysis

Total Polyphenolic content (TPC): The
total polyphenol content (TPC) was determined
using Folin-Ciocalteu method described by Konice
et al., 2010 with minor modification.>* In brief,
the extract (Img/mL) was treated with Folin-
Ciocalteu reagent (diluted with distilled water 1:
10) and 20 % sodium bicarbonate in 1:1:1 ratio,
mixed thoroughly kept at room temperature for 20
minutes for development of colour. Absorbance
was measured at 760 nm. Gallic acid was used as
a standard calibration curve. Total polyphenolic
content (TPC) was expressed as pg of gallic acid
equivalent (GAE) per mg of dried extract.

Total Flavonoid content (TFC): The
total flavonoid content (TFC) of extract was
estimated.” The extract and AICI, solution (2 %)
were mixed together in 1:1 ratio and incubated
for 1 hour at 20°C for development of yellow
colour. Absorbance was measured at 420 nm.
Quercetin was used as standard calibration curve.
Total flavonoid content (TFC) of the extract was
expressed as ug of quercetin equivalent (QE) per
mg of dried weight.

Apgeun

Fig. 2. Flavonoids compounds are abundant in leaves of C. citratus
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Antioxidant Analysis

Scavenging activity against DPPH (2,
2- diphenyl-1-hydrazyl) free radical: The free
radical scavenging potential of aqueous extract of
C. citratus was determined using DPPH assay **
with minor modification. Prepared a DPPH solution
in 95 % methanol (0.004 %) and stored in dark.
Different concentrations of extract were mixed
with DPPH solution in 1:1 ratio and incubated
for 30 minutes at room temperature in dark for
development of colour. The absorbance was
measured at 517 nm. Ascorbic acid was used for
standard calibration curve. Percentage of DPPH
inhibition was calculated using the following
formula:

% DPPH radical scavenging activity = wx 100

Here, A, is the absorbance of the control, and A is
the absorbance of extracts / standard.

IC,, value (half maximal inhibitory
concentration) was calculated using linear
regression analysis to quantify the potency of an
antioxidant.

FRAP (Ferric-Reducing / Antioxidant
Power Assay): The ferric reducing power of the
aqueous extract was determined using the method
of Shang et al., 2018 with some modification.*
Briefly, 100 pl extract / standard at different
concentrations were mixed with 250 pl of sodium
phosphate buffer (p" 6.6) and 250 pl potassium
ferricyanide (1%). The reaction mixture was
incubated at 50 R”C for 20 minutes, then 250ul
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trichloroacetic acid (10 %) was mixed with this
mixture and centrifuged at 4000 rpm for 10
minutes. 50 pl supernatant was withdrawn from
the mixture and was mixed with 50 pl of deionized
water and 50 pl of ferric chloride (0.1%) solution
and further incubated at room temperature for 20
minutes. The absorbance was measured at 700 nm.
Ascorbic acid was used as reference.

Nitric oxide radical scavenging activity:
The nitric oxide scavenging ability of the aqueous
extract was determined using the method of Green
et al., 1996 with slight modification.’” 0.5 ul of
extract/standard at different concentrations was
mixed with 1 mL of 10 mM sodium nitroprusside
(prepared in 0.025 M phosphate buffer p' 7.4). The
mixture was incubated for 150 minutes at room
temperature in dark. After that, 0.1 mL mixture
was withdrawn from incubated mixture and mixed
with 0.1 mL of Griess reagent (1 % sulphanilamide
reagent and 0.1 % napthylenediamine dichloride,
prepared in 5 % phosphoric acid) and allowed
to stand for 30 minutes at room temperature for
development of pink colour. Ascorbic acid was
used as reference. The absorbance was measured
at 540 nm. The percentage of nitric oxide inhibition
was calculated using following formula:

Percentage (%) of nitric oxide radical scavenging activity = % x100

Here, A is the absorbance of the control,
and A, is the absorbance of extracts / standard.
IC,, value was calculated using linear regression
analysis to quantify the potency of antioxidant.

Table 1. Physical and physiochemical analysis

Sample Aqueous extract of leaves of C. citratus
Drying SD ShD OD MD P value
Process (sun-dried) (shade-dried) (oven-dried) (microwave

-dried)
Appearance (colour) Light brown Dark brown Light brown Dark brown -
Appearance (form) Powder Powder Powder Powder -
Solubility (colour) Light brown Light brown Light brown Light brown -
Solubility (turbidity) Hazy Hazy Hazy Slightly Hazy -
20 mg/ml, H,0
% Yield (w/w) 17.22+0.24 15.02+0.07 16.46 + 0.45 17.64 £0.26%%  <0.0001
Ash content (%) 7.00 +0.03 5.54+0.03 7.00 +0.05 8.00 £ 0.00 0.0728

Physical and physiochemical properties of aqueous extract of C. citratus under different drying methods
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Functional group analysis

Functional groups were analysed using
ATR-FTIR (Attenuated Total Reflection Fourier-
Transform Infrared spectroscopy) (PerkinElmer
Frontier) in a scanning range of 450 — 4000 cm!,
scanning 16 times at a spectra resolution of 4 cm'.
Statistical analysis

In this study, all treatments and analysis
were performed in triplicate for each sample and all
results are presented as mean =+ standard deviation.
Graph Prism Pad software, version 5 was used to
analyse statistical data and P <0.05 was considered
statistically significant. One-way ANOVA along
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Tukey’s test with 95% confidence interval was
conducted to show the statistical significance
difference between means.

RESULTS

Physical nature and Yield percentage

Table 1 showed colour, form, solubility
(colour) and turbidity of the extract and maximum
yield percentage obtained from MD extract (17.64
+0.26 %) and minimum from ShD extract (15.02 +
0.07 %) by maceration method while SD and OD
extracts revealed 17.22 +0.24 % and 15.02 + 0.07
% of yield respectively.

Table 2. Qualitative phytochemicals analysis

Sample Aqueous extract of leaves of C. citrates

Phytochemicals SD ShD OD MD
(Sundried) (Shade dried) (oven dried) (microwave

dried)

Alkaloids

Wagner’ test ++ ++ -+ +++

Tannic acid test ++ ++ ++ +++

Flavonoids

Alkaline test ++ + T+ T+

Lead acetate test ++ + ++ 4

Phenolics

Ferric chloride test ++ ++ 4+ 4

Iodine test ++ ++ +++ +++

Steroids

Salkowski test ++ + ++ 4

Liebermann-Burchard reaction ++ + ++ A+

Carbohydrates

Molisch test ++ ++ ++ +++

Benedict’ test ++ ++ ++ +++

Glycosides

Keller-Killani test ++ ++ +++ -+

Modified Borntrager’s test + ++ ++ +++

Tannins

Ferric chloride test ++ ++ 4+ 4

Lead acetate test ++ ++ +++ -+

Protein and amino acids

Ninhydrin test + ++ ++ +++

Xanthoproteic test + ++ ++ +++

Saponin

Foam test - - - _

Olive test - - _ _

Terpenoids

Salkowski’s test ++ + ++ 1+

Qualitative phytochemical screening of leaves extracts of C. citratus under different drying methods, indicating presence or
absence of different plants metabolite with (-) indicates absence, (+) indicates positively (++) indicates strong positively in

test while (+++) indicates very strong positive in test.
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Ash content (%)

MD extract revealed 8.00 = 0.00 % ash
content which was less compared to SD, ShD and
OD extract, 7.00 £ 0.03 %, 5.5+ 0.03 % and 7.00
+ 0.05 % respectively (Table 1). No significant
difference observed.

Qualitative Phytochemicals analysis

The phytochemical analysis of aqueous
extract of C. citratus (SD, ShD, OD and MD) tested
are summarized in Table 2 that shows the presence
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of various phytochemical like alkaloids, flavonoids,
phenolic compounds, phytosterols, carbohydrates,
glycosides, tannins, proteins and amino acids and
terpenoids in all extract however saponins are not
presence.
Quantitative Biochemical Analysis

The Protein content: Present study
revealed that, protein content was significantly
affected by the different drying methods. Protein
content of different extracts (SD, ShD, OD and

Table 3. Quantitative Biochemical and Phytochemical Analysis

Sample Aqueous extract of leaves of C. citrates

Drying treatment SD ShD OD MD P value
(sun dried) (shade dried) (oven dried) (microwave dried)

The protein content 202.06 + 8.08 122.43+4.15" 231.74 £3.51* 31491 £5.11@%%  <0.0001

(ug BSAE / mg dry wt.)

The carbohydrate content  222.67 + 2.49 147.75+8.01"  243.01£7.18%  313.17£3.009% < 0.0001

(ug GE / mg dry wt.)

Total phenolic content 117.50 +£2.96 107.01 £7.30"  141.22+£5.98% 15594 £4.94@% < (.0001

(ng GAE / mg dry wt.)

Total flavonoid content 207.52£5.79 176.02+5.85 278.85+4.53"™*  340.84 + 6.009% < 0.0001

(hg QE / mg dry wt.)

The results are expressed as mean and standard deviation. Key: BSAE (Bovine Serum Albumin Equivalent), GE (G lucose
Equivalent), GAE (Gallic Acid Equivalent) and QE (Quercetin Equivalent). Significant changes were obtained using one Way
ANOVA Post Tukey test. Inter-group comparisons were represented as "p< 0.05 SD vs ShD; *"P<0.05 SD vs OD; ©p<0.05 SD vs
MD; #*P<0.05 ShD vs OD; SP<0.05 ShD vs MD; ¥P<0.05 OD vs MD.
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Fig. 3. Antioxidant activity of aqueous extracts of leaves of C. citratus under different drying methods (SD, ShD,
OD and MD) against DPPH radicals. The results are expressed as mean and standard deviation.
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Fig. 4. Ferric Reducing Antioxidant Power of aqueous extracts of leaves of C. citratus under different drying

methods (SD, ShD, OD and MD). The results are expressed as mean and standard deviation.
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Fig. 5. Antioxidant activity of aqueous extracts of leaves of C. citratus under different drying methods (SD, ShD,

OD and MD) using Nitric Oxide assay. The results are expressed as mean and standard deviation.
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MD) was analysed between 122.43 +£4.15t0314.91
+5.11 pg BSAE / mg dry extract (Table 3) wherein
MD extract showed higher protein content 314.91
+ 5.11 ng BSAE / mg dry extract and ShD lowest
122.43 £ 4.15 ug BSAE / mg dry extract. SD and
OD extracts contained 202.06 + 8.08 ng BSAE /
mg and 231.91 £3.51 ug BSAE / mg dry extract
respectively.

The carbohydrate content: The
carbohydrate content was found 313.17 £ 3.00
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pug GE / mg dry in MD extract which was higher
as compared to all (Table 3). While ShD extract
showed least amount of carbohydrate content
(147.75 + 8.01 ug GE / mg dry extract) and SD
and OD contained 222.67 + 2.49 ug GE / mg dry
extract and 243. 01 + 7.18 pg GE / mg dry extract
respectively.
Quantitative Phytochemical Analysis

Total Polyphenol content: In this study,
range of total polyphenol content lying in between

Table 4. The IC, value analysis (ng/ml)

Sample

DPPH (2,2-diphenyl-1-picrylhydrazyl)
radical scavenging assay

NO (nitric oxide)
scavenging assay

AA (L-ascorbic acid) 145.33 £3.69 54.25+6.99
SD (sun dried) 401.22 +5.60 222.81+7.57
ShD (shade dried) 484.15+7.23 271.12+6.01
OD (oven dried) 361.75 + 6.40* 189.68 +4.31%
MD (microwave dried) 190.99 +9.13@3& 141.98 £ 6.65@
P value <0.0001 <0.0001

The results are expressed as mean and standard deviation. Significant changes were obtained using one Way
ANOVA Post Tukey test. Inter-group comparisons were represented as “p<0.05 SD vs ShD; "P<0.05 SD vs
OD; @p<0.05 SD vs MD; *P<0.05 ShD vs OD; *P<0.05 ShD vs MD; #P<0.05 OD vs MD.
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Fig. 6. FTIR spectrum analysis of aqueous extract of leaves of C. citratus under different drying methods- SD
(sun dried), ShD (shade dried), OD (oven dried) and MD (microwave dried).
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107.01 + 7.30 ug GAE /mg dry extract to 155.94
+ 4.94 ug GAE /mg dry extract was found. ShD
extract revealed 107.01 + 7.30 pg GAE / mg dry
extract which was less than SD extract (117.50 +
2.96 ug GAE /mg dry extract), OD extract (141.22
+ 5.98 ug GAE /mg dry extract and MD extract
(155.94 £ 4.94 pg GAE /mg dry extract) (Table 3).
The results of TPC were found in increasing order
ShD < SD <OD < MD.

Total Flavonoid content: Total flavonoid
content of MD extract was found 340.84 + 6.00
pug QE / mg dry extract which was significantly
higher than SD extract (207.52 +5.78 ug QE / mg
dry extract), ShD extract (176.02 + 5.85 pg QE
/ mg dry extract and OD extract (278.85 + 4.53
pug QE / mg dry weight (Table 3). Whereas ShD
extract exhibited lowest total flavonoid content as
compared to all extracts clearly showing the effect
of drying method on biochemical analysis.
Antioxidant Analysis

Scavenging activity against DPPH (2,
2-Diphenyl-1-picrylhydrazyl) free radical: DPPH
radical scavenging assay was conducted using
all four extracts (SD, ShD, OD and MD) of C.
citratus at different concentration (15.6, 31.2,
62.5, 125, 250 and 500 ug/ml) (Fig. 3). The
dose dependent activity of extracts (SD, ShD,
OD and MD) was observed with an increase in
concentration (Fig3). SD extract showed 15.71 +
2.89 % inhibition of free radical at 15.60 ug /ml
concentration which increased till 53.26 +2.78 %
at 500 ug/ml concentration that was near to 125
pg/ml concentration of MD extract. In case of ShD
extract, highest free radical scavenging activity
47.21 £1.68 % was noted at 500 pg/ml followed by
41.15+1.40 % at 250 pg/ml, 31.06 +1.58 % at 125
pg/ml, 22.51+2.63 % at 62.50 ug/ml, 20.26 + 1.51
% at 31.20 pg/ml and the minimum 13.01 £2.57 %
free radical scavenging activity at 15.60 pg/ml. In
OD extract, 20.56 = 1.80 % scavenging activity was
observed at 31.20 pg/ml which increased to 57.94
+ 2.20 % at 500 ug/ml. Free radical scavenging
activity of MD was observed significantly highest
(73.19 £2.67 %) as compared to SD, ShD and OD
extract at 500 ug/ml concentration. Amongst all
four extracts, MD extract showed best free radical
scavenging potential against DPPH free radical as
compare to corresponding concentration of SD,
ShD and OD extracts.
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Moreover, MD extract showed least IC,
(190.99 £ 9.13 pg/ml) value which indicated strong
free radical scavenging potential and ShD extract
showed high IC, value which indicated weak free
radical scavenging potential. IC, value of SD
extract and OD extract showed 401.22 + 5.60 pg/
ml and 361.75 + 4.40 pg/ml respectively (Table 4).

Reducing Power: The principle of
reducing assay is based on electron donating
capacity. The reducing power of extract/ standard
solution were evaluated from their ability to
reduce Ferric (Fe*") to Ferrous ion (F?') by the
change of colour (yellowish to various shades
of green colour). The intensity of green colour
is directly proportional to the concentration of
antioxidant present in the extract or standard. The
result revealed that MD extract possessed strong
ability to reduce the Ferric to Ferrous ion at all
concentration as compared to all concentration
of SD, ShD and OD extracts (Fig. 4). Wherein,
ShD extract exhibited significantly weak reducing
potential than SD, OD and MD extract. Moreover,
the result represented in increasing order ShD <SD
< OD <MD extract.

Nitric Oxide (NO) Scavenging Activity:
Sodium nitroprusside produced nitric oxide in the
extract at different concentration that reacts with
oxygen to form nitrite ions, which can be detected
using Griess reagent at 540 nm. By scavenging the
nitic oxide, the extracts reduce the formation of
nitrite ions at various concentrations. Fig. 5 shows
the capacity of extract to scavenge nitric oxide at
various concentrations. SD extract exhibited 5.97
+ 1.77 % scavenging potential at 7.8 pg/ml which
was increased to 51.00 = 1.65 % at 250 pg/ml
while 4.25 + 0.65 % scavenging potential at 7.8
pg/ml was observed for ShD extract which was
increased to 43.36 +2.77 at 250 ug/ml. ShD extract
showed weak scavenging potential at all tested
concentrations in comparison to all extracts. In case
of OD extract, 6.65 + 0.73 % scavenging potential
was observed at 7.8 pg/ml which was increased to
57.05 £ 1.39 % at 250 pg/ml. While MD extract
showed the highest scavenging potential of 11.58
+2.64 %, 19.76 + 3.56 %, 28.40 + 2.00 %, 39.09
+3.89 %, 54.35+4.45 % and 68.28 +2.32 5at 7.8
pg/ml, 15.6 ng/ml, 31.2 pg/ml, 62.5 pg/ml, 125
pg/ml and 250 pg/ml concentrations respectively.
Additionally, MD extract showed lower IC, value
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141.98 + 6.65 pg/ml than SD extract (222.81 +
7.57 pg/ml), ShD extract (271.12 £ 5.01 pg/ml)
and OD extract (189.68 + 4.31 pg/ml) indicated
higher scavenging potential of nitric oxide (Table
4). While ShD extract lower scavenging potential
of nitric oxide due to higher IC value (271.12 +
5.09 pg/ml).

Functional Group Analysis: The presence
of multiple functional groups of the biochemical
compounds in aqueous extract of C. citratus
can be observed by ATR-FTIR spectroscopic
analysis. Following the extract passed through
the ATR-FTIR region, the functional groups were
separated to their corresponding bonding position,
the resulting peaks confirmed the presence of wide
range of functional groups of bioactive compounds
such as alcohol, carboxylic acid, vinyl / phenyl
ester, cyclic alkane or amine and halo groups
(Fig. 6). The IR spectra of SD extract revealed
the presence of two bands at 3251.56 cm™ and
2923.52 cm! that indicated the presence of alcohol
and carboxylic acid (O-H) functional groups. Two
potential bands were observed in the 1650- 1566
cm range at 1557.12 and 1567.60 cm™ indicated
cyclic alkane or amine (C=0). One bending band
observed at 1384.57 cm ' in the range of 1390-1310
cm represented phenol, confirmed O-H functional
group and one stretching band at 1047.00 cm
in the range 1050-1040 cm™ represented the
anhydride (CO-0O-CO) functional group. One
potential band was detected in the range of 600-
500 cm™ at 532.40 cm™, that showed the presence
of C-Br or C-I, confirmed halo compounds. The
IR spectra of ShD extract observed at 3241.95
cm! confirmed alcohol and carboxylic acid (O-H)
functional group. One band identified at 1566.74
cm in the range 1650-1566 cm represented cyclic
alkane or amine (C=0) as functional group, and
one bending band was present at 1378.93 cm™!
in the range of 1390-1310 cm™ as an indication
of phenol (O-H) functional group. One potential
band was detected at 1042.72 cm™ represented
anhydride (CO-O-CO) functional group. One
band at 527.27 cm™ in the range of 600-500 cm
indicated C-Br or C-I, confirmed halo functional
group. In case of OD extract, only four bands were
observed at 3253.64 cm™ that confirmed alcohol
or carboxylic acid (O-H) functional group, second
bending band at 1573.95 cm™! represented (N-H)
cyclic alkane or primary amine, third bending
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band at 1384.66 cm™ in the range 1390-1310 cm
confirmed phenols, O-H functional group and in
the last band at 1042.23 cm™' confirmed anhydride,
CO-0O-CO functional group was similar to ShD
extract. The IR spectra of MD extract showed a
band at 3259. 04 cm! indicated the presence of
alcohol or carboxylic acid (O-H) functional group.
One potential band was observed in the range of
2000-1650 cm™ at 1998.64 cm™ suggested the
presence of vinyl/phenyl ester (C=0) functional
group. One potential band was identified at 1567.11
cm in the range 1650-1566 cm™ that showed the
presence of cyclic alkene or amine. One band
was observed at 1379.50 cm™ in the wavelength
range of 1390-1310 cm™ that confirmed phenol
(O-H, bending) functional group. Two bands were
observed at 1202.75 cm™ and 1261.32 cm™ in the
range 1400-1000 cm™ that indicated the presence
of (C-0O) alkyl aryl ether or vinyl ether functional
group. One band was detected at 1047.90 cm™' that
confirmed the anhydride functional group last one
band at 530.47 cm™ that indicated (C-Br or C-I)
halogen functional groups.

DISCUSSION

In the current study, the physical nature
and yield % of extract expressed the efficiency
of the different extraction conditions. Mostly
essential oil extracts by leaves of C. citratus
and the yield of essential oil depended on the
optimum particle size that obtained the highest
yield of essential 0il.*® Analysis of ash content
indicated that aqueous extract is rich source of
minerals. Minerals of C. citratus are known to
improve bone health and electrolytic balance,
classifying it as neutraceutical.** Present findings
of qualitative phytochemicals for saponins were
similar to those reported by Owusu and Owusu-
Ansha.***! Phytochemicals including phenolics,
flavonoids, saponins, alkaloids, tannins and
steroids in extract of C. citratus have earlier been
suggested with beneficial effects for health.*?
C. citratus possess most abundant flavonoids
were luteolin and apigenin derivatives such as
6-C-Hexosyl-8-C-pentosyl luteolin, 6-C-pentosyl-
8-C-hexosyl apigenin, 6-C-Glucosyl luteolin,
7-O-Glucosyl luteolin, 6-C-Pentosyl luteolin, and
X-0-Rhamnosyl C-(6-deoxy-pento-hexos-ulosyl)
C-(6-deoxy-pento-hexos-ulosyl).* Most essential
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component of C. citratus are flavonoids that have
pharmacological and therapeutic activities * and
contribute significantly to neutralize free radicals
which leads to oxidation stress.** The presences
of tannins in extracts are important in herbal
medicine and are used to stop bleeding injuries,
coagulate protein over the food tract lining and
also react as antioxidant playing important role
for scavenging of free radicals.*’ Biochemical
analysis demonstrated the different drying methods
significantly affected the concentrations of proteins
and carbohydrates. The quality of protein might be
affected by variation of moisture content, salt ions
and all-over drying process.* OD and MD extracts
might preserve proteins better due to shorter
exposure to the environment and faster drying
47 whereas natural drying SD and ShD extracts
showed lower protein content due to prolonged
exposure to the environment resulting oxidation
of protein content.*® Anti-nutritional factors
reduced by OD and MD methods ensure better
preservation of protein content.**° Carbohydrate
is a natural source of energy,’' act as rapid energy
source and improve its functional properties in food
formulation. According to NHANES from 1999
to 2016, the estimated % of energy intake from
total carbohydrate decreased from 52.5 % to 50 %,
whereas consumption of plant-based proteins and
high-quality carbohydrates increased.”> Present
study supports that carbohydrates content obtained
from OD and MD were significantly greater than
naturally dried (SD and AD) methods.* This
may be credited to the different dried methods
at appropriated drying temperatures of OD and
MD, which likely increase the gelatinization
of starch and thus enhancing digestibility of
carbohydrates and resulting high carbohydrate
content.*** In natural drying methods (SD and
ShD), volatilization, oxidation and enzymatic
degradation of carbohydrate may reduce the content
due to long exposure to the open environment for
drying.>

Total phenolics and flavonoids content
are secondary metabolites in plants that act
as antioxidant in human diet.””® The result of
quantitative phytochemical analysis demonstrated
the significant variation in concentration of total
phenolic and flavonoid content (p < 0.05). Previous
study has also shown that MD dried Mulbery leaves
extract had rich sources of phenolics content.>
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Furthermore, study demonstrated that Microwave
drying improve stability of phenolics content and
increased the interactions between the starch and
polyphenolics in green tea noodles® showing
more preservation of polyphenol and minimizing
damage of structure of bioactive molecules.®
Phenolic compounds in plant showed multiple
pharmacological properties such as antimicrobial,
antioxidants, anti-inflammatory, anti-infectious,
cardio-protective, antiviral, anti-hyperglycemic,
anti-allergic, mutagenic and anti-neuroprotective
properties.®’®* Another study suggested that
MD leaves extract of Mulbery obtained highest
polyphenols including kaempferol, quercetin,
caffeic acid p-hydroxycinnamic and sinapic
acids etc.® Further studies have confirmed that
microwave dried sample retained more flavonoids
than traditional thermal processing due to shorten
duration of drying.®* Several scientific studies
have reported antioxidant, anti-carcinogenic,
anti-inflammatory, anti-rheumatic, antiprotozoal,
antifungal, antimicrobial and cardio-protective
activity of leaves of C. citratus.®*" It has been
employed to treat gastrointestinal infections,
diabetes, anxiety or depression and also restrain
the composition of platelets.®**° Antioxidants assay
revealed dose dependent activity of extracts in this
study. DPPH is a synthetic and stable free radical
which is commonly used for detect the activity
of scavenging free radical of various natural
compounds or extract of different parts of a plant.
The antioxidants of leaves extract provide hydrogen
atom to the DPPH free radical that neutralized to
odd electron of nitrogen atom in DPPH solution.™
The present study suggested that MD leaves extract
possess better free radical scavenging activity
against DPPH at corresponding concentrations of
OD, SD and ShD leaves extracts. The reducing
power of antioxidants in the extract was often
achieved by giving away hydrogen atom or break
down the chains of free radicals.” Hydroxyl group
is linked to the benzene ring in the structure of
polyphenols, the hydrogen atom which present in
hydroxyl group is unstable and usually very good
donor of hydrogen or electrons.” Therefore, extract
of C. citratus has a strong reducing ability that may
be due to its high concentration of polyphenols. In
nitric oxide scavenging assay, sodium nitroprusside
produced nitric oxide in the extract at different
concentration. By scavenging the nitic oxide, the
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extracts reduce the formation of nitrite ions at
various concentrations. This study also confirmed
that MD leaves extract have high promising
activity against nitric oxide as compared to all
corresponding concentration of SD, OD and ShD
leaves extract. Previous investigation confirmed
that different drying methods have affected the
biological activity of sample before extraction.”
High antioxidant potential may be attributed to the
high phenolic contents at high drying temperature™
and Phenolic compounds of the plants exhibited
significant role play in antioxidant properties of
extract in DPPH assay, and phenolic compounds
inactivated of the metal ions such as ferric ions
in reducing power assay.”” A comparative study
showed that infusion of C. citratus presented better
antioxidant activity than decoction of C. citratus.™
It is confirmed that MD extract showed strong
antioxidant properties using DPPH free radical
scavenging, FRAP, GSH, and CAT assay.™

ATR-FTIR is a modern technique used
to detect functional groups, identify organic
compounds without damaging them. The presence
of multiple functional groups of the biochemical
compounds in aqueous extract of C. citratus was
observed by ATR-FTIR spectroscopic analysis.
Following the extract passed through the ATR-
FTIR region, the functional groups were separated
to their corresponding bonding position, and the
resulting peaks confirmed the presence of wide
range of functional groups of bioactive compounds
such as alcohol, carboxylic acid, vinyl / phenyl
ester, cyclic alkane or amine and halo groups which
were significantly different in different drying
methods. There was no band present in the range
of 2220-2260 cm™ in all dried extracts indicated
that the no cyanide groups was included in all
extracts hence, the extracts contained no harmful
substances.”” Several researchers confirmed that the
analysis of phytochemical constituents of various
plants by FTIR provided more rapid and accurate
results.”®# Our studies confirmed that MD leaves
extracts contained better preserved qualitative and
quantitative activities of useful biochemical that
have various beneficial health effects.

CONCLUSION

Various drying treatments significantly
affected the composition of phytochemicals and
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antioxidant properties of leaves of C. citratus.
The present study revealed that MD leaves extract
possessed maximum concentration of important
phytochemicals like proteins, carbohydrates,
phenol and flavonoid contents as compared to SD,
ShD and OD leaves extracts. These phytochemicals
play significant role as antioxidants against free
radicals. High antioxidant activity was observed
in MD leaves extract due to high concentration
of phytochemicals. Functional group analysis
suggested that MD leaves extract are rich in
bioactive phytoconstituents which can be used as
antioxidant agents. It, is therefore, concluded that
MD leaves extract preserved the phytochemicals
better that possess important antioxidant properties
for C. citratus and better than SD, ShD and OD
drying methods. Further studies are suggested to
find out the mechanism of action for developing a
novel antioxidant medicine.
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