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Abstract

The present study was conducted to evaluate Averrhoa bilimbi fruits flavonoids extraction and quantification analysis through
RP-HPLC and its comparison study on total flavonoids concentration versus antimicrobial activity analysis based on mini-
mum inhibitory concentrations. Optimization of extraction was carried out using three different methods; among all methods
the ultrasonic conventional assistant extraction (UCAE) showed an excellent recovery of flavonoids with solid phase elution.
UCAE was performed with ethanol using different solvents ratio, the total flavonoid content was quantified through spectro-
photometrically (850 & 25 mg/kg) and flavonoids (myricetin and luteolin) were quantified by RP-HPLC. Optimized yield of
myricetin and luteolin were presented in A. bilimbi fruits 336+ 15 and 231 + 18 mg/kg, respectively. Antimicrobial activity
examined against E. coli, S. aureus and B. subtilis species using spectroscopically. The extracted sample with known quantity
of total flavonoids content (10-200 pg/mL) used against E. coli, S. aureus and B. subtilis, MIC results shows 55.6 +6, 31 +3
and 28 +2 ug/mL respectively. Higher flavonoid content plays major role on antioxidant activities, which were evaluated and
compared with commercial antioxidant butylated hydroxytoluene (BHT) employing superoxide anion scavenging activity
and total reducing power ICs, value results shows 100 and 175 pg/mL, respectively. The maximum yield of flavonoid content
results shows method suitability of flavonoids extraction and quantification.
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Introduction

During COVID 19 period people aware about natural drugs

and nutrient balance for immunity, especially antioxidant

rich foods. Flavonoids are well-known antioxidant and it is
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tant natural antioxidants, because the ability of free radical’s

elimination is high and metal chelation nature of flavonoids

inhibits lipid peroxidation activity, its mainly based on phe-

nolic and hydroxyl groups are responsible for antioxidant

o _ activity of flavonoids (Karabin et al. 2015). Natural anti-
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Averrhoa bilimbi fruit (ABF) famous commercial food
crop, is a well-known anti -oxidant rich fruit confirmed
by both in vitro and in vivo analysis. In ABF several phar-
macological applications are investigated scientifically,
reported to exhibit pharmacological properties such as
anti-diabetic, antimicrobial, antioxidant, anti-carcinogenic,
cough, obesity and anti-hypertension etc. (Alsarhan et al.
2012; Goh et al. 1995; Alhassan et al. 2016).

The primary and secondary metabolites of ABF were
reported to have sugars, amino acids, proteins, phenolics,
flavonoids, tannins, essential oils and terpenes. ABF rich
in vitamin C and oxalic acid (Hasanuzzaman et al. 2013;
Patil et al. 2013). Based on gas chromatographic studies
number of volatiles were identified in ABF. The major
volatile components is 2,4-dihydroxy—6—((4-methyl-
pentyloxy) methyl) benzaldehyde (Gunawan et al. 2013).
Another study, Pino et al. (Pino et al. 2004) reported the
presence of 62 volatile compounds especially nonanal,
(Z2)-3-hexenol, hexadecanoic acid, octane, tricosane, (E)-
2-decenal, nonanoic acid, (Z)-9-pentacosene, 2-furfural,
and (Z)-9-tricosene. The major contribution is aliphatic
acid such as palmitic acid, furaldehyde and octa-decenoic
acids.

Commercially some synthetic antioxidants that are used
as drugs, reported to have some side effects but natural
antioxidants like flavonoids are reported to be safe and
has no side effects and exhibited various pharmacology
applications (Alhassan et al. 2016). Based on the purity
of the flavonoid, its application showed better results. The
method of extraction of flavonoids plays vital role so as to
get maximum yield. Optimization of the methods for the
natural product extraction and quantification may reduce
the cost.

The major objective of the present study to determine and
optimize the extraction and quantification two flavonoids
(myricetin and leuteolin) in Averrhoa bilimbi fruit sample
using RP-HPLC. Further application of these total flavo-
noids in exhibiting its antioxidant and antimicrobial capabil-
ity was analyzed.

Materials and methods
Sample collection and preparation

A. bilimbi fruits were purchased from local market and
washed with water and cut into small pieces. The sam-
ples were lyophilized (freeze drying at— 50 °C and dried
for 48 h using a vacuum freeze dryer (Christ alpha /-2/LD
plus, Germany) produced maximum yield of 9.5% of dry
extract. Samples were stored in air tight container in refrig-
erator— 20 °C until further use (Giil¢in et al. 2010).
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Conventional-assisted extraction (CAE)

Stored fruit sample (1.0 g) were extracted with 50 mL of
80% ethanol. Followed 5 M of HCI was added and refluxed
60—120 min @ 90 °C. The extraction time and solvent ration
optimized with various levels. Extracted material kept for
cooling at room temperature, and then sample was filtered
through Whatman No.1 filter paper. The filtrate concentrated
under vacuum (IKA) dryer at 80+ 3 °C, extract reconstituted
with methanol and filtrate (0.45 pm) Axiva nylon syringe
filter used to RP-HPLC analysis (Proestos et al. 2005).

Microwave-assisted extraction (MWAE)

1.0 g of freeze-dried fruit sample was extracted with 50 mL
of ethanol (90% with 10 mL 5 M HCI]) in a microwave for
5-20 min. On yield basis, an extraction time and watt opti-
mized for 15 min at 650 W microwave energy respectively.
The extracts were filtered (Whatman No.1 filter paper) and
concentrated under vacuum pressure (80+3 °C) (Albuquer-
que et al. 2018).

Ultrasound-assisted extraction (UAE)

1.0 g of freeze-dried fruit sample was taken for sonication
with 50 mL of 90% ethanol (10 mL 5 M HCI) in an ultra-
sonic bath at a frequency of 40 kHz (Elma Ultra—sonicator
bath, Germany) and temperature maintained at 30 +3 °C for
30-120 min. based on extraction yield, an extraction time of
60 min was optimized for maximum yield. The final extracts
were filtered and concentrated under vacuum pressure and
temperature maintained at 80+ 3 °C. The final dried product
reconstitutes with methanol and filtrate used for RP-HPLC
analysis (Albuquerque et al. 2018).

Ultrasound/conventional-assistant extraction
(UCAE)

1.0 g of freeze-dried fruit sample with 50 mL of 90% aque-
ous ethanol was taken, with addition of 10 mL of 5 M HCI
was added. The mixture was vortexed and mixture was
refluxed in a paraffin oil bath at 90 °C for 60 min. The extract
was sonicated at a frequency of 40 kHz in ultra-sonic bath
for 10 min. Then the filtrate was centrifuged at 5000 rpm and
the supernatant was filtered with 0.45 um membrane syringe
filter (Axiva, India) prior to injection.

Solid phase purification

Silica C,g cartridges was used for purification of tar-
geted compounds (luteolin and myricetin), flavonoid is
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extracted from honey sample method was described by
Kaskoniené¢ et al. (Kaskoniené et al. 2009). The solid phase
extraction cartridge (SPE) was used Bond Elut octadecyl
C,5 (500 mg/5 mL, Agilent Technology, USA). Cartridge
was set up linked with vacuum compartment and condi-
tioned with methanol 5 and 5 mL of double distilled water.
Sample 5 mg/mL was loaded onto the cartridge and the elu-
tion was collected slowly (drop by drop) adsorption of tar-
geted flavonoids. Further cartridge was washed with 6 mL
of distilled water. The eluted aliquots from cartridge-bound
flavonoids fraction was collected using 10 mL of metha-
nol drop by drop. The eluent was concentrated with rotary
evaporator for 5 min at 65 °C, and reconstituted with known
volume of methanol for further analysis.

RP-HPLC analysis

The HPLC system (Shimadzhu Prominence-i, 2030C
Plus, lab solution software) was used for analysis. Reverse
phase C18 was column used for analysis, specification
4.6*%250 mm, 5 um particle size (Shim-pack GIST) was
used. Mobile phase Methanol A with 0.1% H;PO, and
water B with 0.1% H;PO, was used. The different mobile
phase and methods isocratic and gradients programs were
used for HPLC optimization. Finally, gradient program was
optimized with good resolution. Optimized gradient pro-
gram 0.0-35 min 60-30% of B, 35-40 min 60% of B and
40-45 min 60% of B was used with 1.0 mL flow rate and
10 pL injection volumes. The monitoring wavelength was
detected at 370 nm. Data analysis was carried out lab solu-
tion software. Sample identification and quantification was
done using external standard method.

Total flavonoid content analysis

An aluminium chloride method was followed with little
modification used for determination of total flavonoid con-
tent in the natural sample (Rameshkumar et al. 2013). The
samples were 50, 100 and 200 pL (1 mg/mL) was added with
600 pl of methanol, 40 ul of 10% aluminium chloride, 40
pL of 1 M potassium acetate makeup with 2 mL of distilled
water, and reaction tubes were kept at room temperature for
30 min in dark. The absorbance was measured at 420 nm
spectrophotometrically. Total flavonoid content was quanti-
fied against quercetin equivalent, calibration solution was
used the range 0-100 ug/mL in methanol. The amount of
total flavonoids was expressed in pg/mL of fruit extract was
quercetin equivalent.

Reducing power capability

Determination of reducing power was followed by with lit-
tle modifications (Rameshkumar and Sivasudha 2012) the

test mixture contains 2.5 mL of 0.2 M phosphate buffer (pH
6.5) with 2.5 mL of K3Fe(CN)6 (1% w/v) of ABFE sam-
ple with different concentrations (50-500 pg/mL). The test
mixture was incubated at 60 °C for 15 min, after incubation
2.5 mL of TCA (10% w/v) added. The blend was centri-
fuged at 6000 rpm for 8 min. Further 2.0 mL of supernatant
with 2.5 mL of water and 0.5 mL of FeCl; (0.1%, w/v) were
added. The colored solution measured at 700 nm spectro-
photometrically, blank was carried out without samples for
control analysis BHT was used as a reference analysis.

Superoxide anion scavenging activity of A. Bilimbi
fruit extract

Superoxide anion scavenging activity was carried out using
(Yen and Chen 1995) with slight changes. The test solution
containing 1 ml of NBT, various concentrations (50-500 ug/
mL) of fruit extract, 1 mL of 60 molar PMS solution (0.1 M
of phosphate buffer with pH 7.4) with 1 mL NADH (Pre-
pared in phosphate buffer), and the solution was incubated
5 min at 25 °C. The absorbance was carried out at 560 nm.

Antimicrobial sensitivity of A. bilimbi fruit extract
sample

The antimicrobial activity was carried out using minimum
inhibitory concentration method (Adamczak et al. 2020).
Samples were diluted in distilled water with 10% of dimethyl
sulfoxide DMSO because of solubility of flavonoids. 100
pL of fruit sample solution was added to the sterile 96-well
plate containing 100 uL media (Mueller—Hinton) and 100
pL of bacterial species (E. coli (ATCC25922), S. aureus
(CMCC(B) 26003) and B. subtilis (MTTC NO-10110)) used
as reference material. The microbial suspension was mixed
and absorbance were calculated. Then cultures were incu-
bated 37 °C for 24 h and the absorbance was monitored.
The without sample incubated microbial plates are used as
control sample.

Results and discussion

Four different extraction methods (CAE, MAE, UAE and
UCAE) were followed in this study, the results represented
in Fig. 1. Among these methods, UCAE method was opti-
mized for flavonoids extraction. CAE method luteolin and
myricetin results show 232 and 328 mg/kg, respectively.
Conventional assistant extraction is wieldy using method
for extracting secondary metabolites from natural materials.
CAE based on reflux, digestion, percolation and infusions.
Most of the CAE extraction based on using high volume of
organic solvents with high temperatures giving better extrac-
tion for highly stable compounds (Proestos et al. 2005).
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MWAE one of the well-known method flavonoids extrac-
tion, Eun Young Jin et al. (2011) reported flavonoid extrac-
tion and optimization using MWAE. Maximum yield was
obtained (luteolin 202 mg/kg and myricetin 311 mg/kg),
respectively, at 3 min with one min interval three times using
90% ethanol at 600w. MWAE one of the most widely using
method for flavonoid extraction (Xu et al. 2018). Further,
enzyme-assisted extraction was used for optimization of
luteolin, pigeonpea and apigenin, etc. (Fu et al. 2018).

Luteolin and myricetin yield obtained in 196 and 293 mg/
kg, respectively, in UAE. UAE induced damage of the sur-
face tension in cellulose in surface of plant materials, it is
happened through soluble nature of material to solvent by
osmotic and diffusion mechanism (Prasad et al. 2009; Xie
et al. 2014; Zhang et al. 2013). Many flavonoids (rutin, nico-
tiflorin, catechin, epicatechin gallate, narcissin, rhamnoc-
itrin, myricetin, quercetin and kaempferol) extracted using
UAE (Jin et al. 2011).

The combination of ultrasound and CAE gave good
recovery among the methods. Due to sonication micro rap-
ture with high temperature rupture the cell wall of plant
materials, further flavonoids (luteolin and myricetin) is
thermally stable compounds. Among this above methods
UCAE was successfully optimized for maximum yield of
myricetin and luteolin content (336 and 231 mg/kg) in C,4
cartridge fraction, when compared with previously reported
(luteolin 146.0 mg/kg and myricetin 202.0 mg/kg) by Miean
and Mohamed (Miean and Mohamed 2001). Figure 2 shows
crude extract of without C,4 cartridge chromatogram, it is
clearly shows matrix effect on chromatogram. This study
UCAE was maximum yield obtained in using 2 h reflux with
85% ethanol at 90 °C Fig. 3. The quantification was done
by using RP-HPLC, optimization of liquid chromatography
with 0.1% of ortho phosphoric acid. Retention time (RT) of
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reference standards (myricetin and luteolin) was 14.43 and
22.99 min, respectively. Figure 4 shows overlay RP-HPLC
chromatogram of samples. The quantification was done by
external calibration with five points linearity, calibration
curve was plotted through serial dilution from higher con-
centration for myricetin 17.2-275 mg/L (R*-0.9993) and for
luteolin 21.8-350 mg/L (R>-0.9995), respectively (Fig. 5a,
b).

The total flavonoids content of fruit sample were
expressed quercetin equivalent in mg, total flavonoid con-
tent of A. bilimbi fruit was quantified (851 +25 mg/kg)
spectrometrically. Based on total flavonoids content further
dilution of flavonoids was prepared for anti-oxidant and
anti-microbial activities analysis. Other polyphenolics mar
present in the extract which used for antioxidant and anti-
microbial studies. Previously, Miean and Mohamed (Miean
and Mohamed 2001) reported total flavonoid content of
A.bilimbi fruit shows 806 mg/kg, when compared with
reported value above extraction achieved maximum amount
yield of total flavonoids.

Reducing power of A. bilimbi fruit extract major tool
for in vitro antioxidant activity analysis and it’s expressed
as strength of bioactive compounds reducing capacities
(Jayaprakasha and Patil 2007). The reducing power of fruit
extract was compared with commercial antioxidant butyl-
ated hydroxyl toluene (BHT). The reducing power of fruit
extract shows (Fig. 5) directly proportionally increased
were increase concentration of total flavonoid content. The
reducing power of total flavonoids concentration (0—300 pg/
mL) was used the absorbance was measured at 700 nm. The
amount of total flavonoids required for reaching absorbance
1.0 at 258 pg/mL for BHT and 275 pg/mL for extract. Gul-
cin et al. (Giil¢in et al. 2010) reported superoxide radical
are more risk full to cellular modules; it was precursor of
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Fig.3 RP-HPLC chromatogram shows quadruplicate overlay results of UCAE solid phase C,g cartridge fraction of A. bilimbi
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Fig.4a RP-HPLC chromatogram shows overlay results of five points linearity of myrecetin. b RP-HPLC chromatogram shows overlay results of
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Fig.5 Reducing power of A. bilimbi fruit extract compared with
butylated hydroxytoluene (BHT). Each value is expressed as
mean =+ standard deviation (n=23)

reactive oxygen species. In this study briefly expressed fla-
vonoids (myricetin and luteolin) are prominent superoxide
scavenger. The ICs, value of fruit extract and BHT were
found to be 73 and 55 pg/mL, respectively (Fig. 6). In the
above results clearly demonstrated about fruit extract was
found to be a notable reducing capability and scavenger of
superoxide radicals generated by free radical system.
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Fig. 6 Inhibitory effect of A. bilimbi fruit extract on superoxide anion
radicals compared with butylated hydroxytoluene (BHT). Each value
is expressed as mean =+ standard deviation (n=3)

The antimicrobial activity of present study carried out
to identify minimum inhibitory concentration against
E. coli, S. aureus and B. subtilis MIC was found 62.5,
80.3 and 80.5 pg/mL respectively (Table 1). A. Bilimbi
leaves and fruit extract antimicrobial activity was previ-
ously reported by Zakaria et al. (Zakaria et al. 2007) by
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Table 1 Antimicrobial activity

” Bacteria species
of A. bilimbi fruit extract P

Total flavonoid content used
(ng/mL)

Extract MIC (ug/mL)

Streptomycin
MIC (ug/mL)

B. subtilis
Staphylococcus aureus

Escherichia coli

10-200 25+5 101
10-200 50+3 25+3
10-200 50+6 25+2

MIC minimum inhibitory concentration

disc diffusion method, in this study carried out minimum
inhibitory concentration through colorimetrically. A. Bil-
imbi fruit extract and root extract inhibits mycobacterium
tuberculosis with minimum inhibitory concentration level
of 1600 pg/mL. further, hexane, methanol and chloroform
extract of A. bilimbi bark antimicrobial activity shows pos-
itive results such as S. aureus, B. subtilis and E. coli and it
reported as antifungal nature against Sacharomyces cere-
vacae, C. albicans and A. niger at 102.4 mg/mL (Rukay-
adi et al. 2013). The present study was demonstrated total
flavonoid content versus antimicrobial activity was cal-
culated for extract and commercial drug Streptomycin
was used for reference analysis (Table 1). This study was
clearly indicating that flavonoids content of A. bilimbi fruit
extract play vital role against above pathogenic microbes.

Conclusion

The present study concludes A. bilimbi fruits flavonoids
extraction was optimized and maximum yield (myrice-
tin and luteolin) obtained in UCAE method with solid
phase fraction, quantification was done using RP-HPLC
method. Further, antioxidant capability of fruit was con-
firmed through superoxide radical scavenging activity and
capability of reducing power of the extract. Antimicrobial
activity was confirmed through minimum inhibitory con-
centration. The study proves method suitability of flavo-
noids extraction and quantification. The anti-microbial and
antioxidant study clearly demonstrates free radical scav-
enging capability and antimicrobial activity was directly
proportional to the total flavonoids content.
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