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UHPLC-MS/MS based
comprehensive phenolic profiling,
antimicrobial and antioxidant
activities of Indian Rhodomyrtus
tomentosa fruits

A Divya Priyal? & Asha Martin%?**

Rhodomyrtus tomentosa fruits, endemic to the Western Ghats were analyzed for its free, bound and
esterified phenolics by Ultra High Performance Liquid Chromatography-Mass Spectrometry. Overall,
twenty-nine phenolic compounds were identified, amongst them 18 were detected in this fruit for the
first time. Gallic acid (80.44 + 8.74 mg/100 g) and ellagic acid (107.47 + 7.28 mg/100 g) were the most
prominent ones found in the bound phenolic fraction and gallic acid (103.76 + 6.34 mg/100 g) in the
esterified phenolic fraction of the fruit, respectively. Total Phenolic content was found to be highest in
bound phenolics (7.09 + 0.17 mg Gallic acid equivalent/g). The antioxidant and antimicrobial activities
of the three extracts namely free, bound and esterified phenolic fruit fractions have been analyzed.
Bound phenolics exhibited the highest antioxidant potential (DPPH-15.63 + 0.86; ABTS-34.73 + 0.07;
FRAP-17.89 + 0.27 mg/g Ascorbic acid equivalent). The bound phenolics showed good antimicrobial
activity against Bacillus cereus, Staphylococcus aureus and Escherichia coli with a MIC of 0.156, 0.625
and 1.25 mg/mL respectively. The exploration of phenolic compounds in Indian variety of Rhodomyrtus
tomentosa fruits may provide useful insights on its utilization as a functional food ingredient.
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The search for bioactive compounds in natural sources has increased in recent years. Wild edible fruits are
natural resources with a potential to be exploited for its nutritional and nutraceutical properties. They may serve
as a functional food ingredient to address various ailments namely cancer, diabetes, cardiovascular diseases,
tumors and infections. Fruits tend to have various health benefits as they are enriched with several minerals,
vitamins, and bioactive compounds like flavonoids, carotenoids, terpenoids, saponins, tannins, phenolic acids
and steroids'. The biological activity or the health benefits are attributed to the combined and synergistic effect
of phytochemicals present in them. Evidence prove that a single phytochemical compound cannot replace the
biological activity of the whole fruit?. So, wild edible fruits are a treasure to be explored having wide applications
in the food industry as functional ingredients or nutraceuticals. One such underutilized and unexplored fruits
are the wild edible fruits of Rhodomyrtus tomentosa plant.

Rhodomyrtus tomentosa (Aiton) Hassk is an evergreen shrub extensively grown in Southeast Asian and South
Asian countries. It is found in countries like China, Malaysia, Singapore, Vietnam, Philippines, Sulawesi, India
and Srilanka. Rhodomyrtus tomentosa belongs to the family Myrtaceae. It grows in various soil and climatic
conditions such as coastal areas, bog margins, natural forests, wetlands, riparian zones, and wet forests®. These
shrubs are hardy, prefer natural daylight and are more resistant to pests and diseases. The common names given
to this fruit are Rose myrtle, hill guava etc.’. The plant parts such as leaves, flowers, roots and buds have been
an important part of Chinese, Vietnamese and Malaysian medicine. The unripe fruits have been traditionally
used in Vietnamese medicine to treat diarrhea and the ripe fruits were consumed to boost immune system. This
plant is considered to be a nourishing and effective medicine by the Chinese. The roots and leaves of this plant
have been utilized to treat diarrhea and stomach aches in Indonesia. The components namely phenolic acids,
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flavonoids, triterpenoids, meroterpenoids and microelements have been reported among which piceatannol is
found to be the major compound and Rhodomyrtone, a representative compound®>.

The Southeast Asian variety of Rhodomyrtus tomentosa belonging to China, Philippines, Malaysia, Vietnam
and Sulawesi have been studied extensively whereas, the variety endemic to Western Ghats, India is underutilized
and yet to be explored®. The geographical location of plant species greatly influences the nature, therapeutic
properties and composition of bioactive compounds’. A major difference between these two varieties is the
color of the fruit. The Southeast Asian variety bears dark pink flowers with purple fruits whereas the Indian
variety yields rosy white flowers with distinct greenish yellow fruits®. The Western Ghats is known to be one
of the major biodiversity hotspots and a repository for medicinal plants®. Rhodomyrtus tomentosa is one of the
unexplored and underutilized plants of this region. Rhodomyrtus tomentosa has been traditionally utilized by
the tribal groups (Kotha, Kurumba, Kani and Kattunaiyaka) who inhabitate the Western Ghats. The people
belonging to the kotha community utilize the flowers along with goat milk to treat diarrhea and the edible
fruits are consumed. The kurumba tribal community utilizes the crushed leaves externally for tooth ache and
inflammation. The Indian Rhodomyrtus tomentosa fruits are regionally known as thavittu pazham, thavittu
koiya, thavittu pan etc. They are an important source of livelihood for tribal people. The edible fruits form a
major portion of their food, medicines and constitutes an important source of income through sale. The unripe
fruits are primarily used by the tribal communities for alleviation of gut health ailments. As of now, processing
of the fruits is limited to the preparation of jam by the inhabitants of Nilgiris. Thus, there is a lot of potential to
develop innovative food products for their optimal utilization. Studies on the Rhodomyrtus tomentosa endemic
to the Western Ghat region in India has been hitherto restricted to the pharmacological activities of its leaves.
It has been reported that the leaves of Indian variety of Rhodomyrtus tomentosa possesses gastroprotective,
hepatoprotective, antioxidant and mosquitocidal properties'®!!. There is lack of information on the nutritive
or heath promoting compounds present in the fruits. The objective of this study is therefore to characterize
the phenolic compounds present in the green Rhodomyrtus tomentosa fruits, followed by exploration of its
antioxidant and antimicrobial potential.

With this background, the study on free, insoluble bound and esterified phenolics has been conducted using
Ultra High Performance Liquid Chromatography-Mass Spectrometry (UHPLC-MS/MS) and bioactivities
namely antioxidant and antimicrobial properties have been determined. Though there are studies on the fruits
of Rhodomyrtus tomentosa, they are restricted to the Southeast Asian variety, our study stands out as it explores
the edible green fruits native to India for the first time.

Materials and methods

Samples

This study complies with relevant national legislative guidelines. The ripened fruits were collected from The
Nilgiris district of Tamil Nadu, India. The harvested fruits were cleaned to remove dust, dirt and extraneous
matter. The washed fruits were freeze-dried (LSI Lyophilization Systems. INC. USA), pulverized and kept at
—20 °C for further analysis. The plant material was authenticated by Prof. KN Amruthesh and the herbarium
was deposited in Department of Studies in Botany, University of Mysore, Karnataka, India. The voucher
specimen number UOMBOT23RT37 was assigned to the plant material.

Standards and reagents

MS-grade acetonitrile and methanol, gallic acid, ascorbic acid, ellagic acid, p-coumaric acid, piceatannol,
sinapic acid, myricetin, catechin, quercetin, trolox, ferrous sulphate, ABTS, DPPH, TPTZ, resazurin, DMSO
were obtained from Sigma Aldrich, USA. Muller Hinton Broth and Agar were purchased from Himedia. The
remaining chemicals were analytical grade.

Extraction of phenolic fractions (free, bound and esterified phenolics).

The freeze-dried whole fruit powder was defatted using hexane and fractionated into free, insoluble bound
and esterified phenolic'? as illustrated in Fig. 1. The defatted fruit powder (10 g) was subjected to extraction
with 25 mL of 70% ethanol for three times. The phenolic fraction was centrifuged; supernatants were pooled
and evaporated to remove ethanol. The leftover aqueous extract was acidified to pH 2.0 with 4N HCL. The free
phenolics were separated using ethyl acetate by liquid-liquid extraction method. The ethyl acetate fraction was
flash evaporated, followed by addition of 10 mL of MS Grade methanol for reconstitution. For the fractionation
of esterified phenolics, the residual hydrolyzed product from the free phenolic fraction was treated with 2N
NaOH (3 times) under nitrogen atmosphere for two hours. Further, 4N HCI was used to adjust the pH (2.0) of
the extract, followed by extraction with ethyl acetate. The fraction of ethyl acetate was flash evaporated, followed
by reconstitution with MS Grade methanol (10 mL). For the fractionation of bound phenolics, the residue after
centrifugation from the free phenolic fraction was subjected to hydrolysis (3 times) using 2N NaOH for two
hours under nitrogen atmosphere. Then, the pH of the product was adjusted to 2.0 using 4N HCI, followed by
phase separation with ethyl acetate. The residual fraction of the bound phenolics was flash evaporated, followed
by reconstitution similar to that of free phenolics. Free, bound and esterified phenolic fruit fractions were
extracted and phenolic compounds analyzed using UHPLC-MS/MS.

Identification of phenolic compounds using UHPLC-MS

The Agilent 1290 Infinity Il UHPLC-MS/MS system was used to identify the phenolic compounds present in all
the three fractions. It contained a Triple-TOF LC/MS Mass Spectrometer (Sciex Triple ToF 56007, Singapore). In
addition, it was equipped with G7120A binary pump, G7167B multi-sampler and G7116B column compartment.
The flow rate was set at 0.2 mL/min and the Kinetex C,; 100A (30X 2.1 mm 1.7 um) was used for separation.
The mobile phase A consisted of 0.1% formic acid in water and mobile phase B consists 0.1% formic acid in
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Fig. 1. Extraction of free, insoluble-bound and esterified phenolic fruit fractions.
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acetonitrile and methanol in the ratio 8:2. The gradient conditions used for the separation of the compounds is
provided in the supplementary material (Supplementary table: S1). ESI negative mode was operated to acquire
highly accurate mass measurements. The Duo spray ion source was operated at 400 °C with an Ion Spray Voltage
Floating (ISVF) of 4500, the IRDx resolution was 28,287.602 and mass range from 100 to 1000 m/z was set.
The column temperature was set to 35 °C. The Period Cycle Time was 1300 ms and the accumulation time was
250.0 ms. The gases used are Curtain Gas (CUR)-40, GS1-45 and GS2-60.

Peak View 2.1 Software (AB SCIEX Triple TOF 5600%, Singapore) was used for data interpretation and
analysis. The TIC (Total Ion Chromatogram) of free, bound and esterified phenolic fractions was obtained
through the Peak View software. The fragment ions were selected and extracted based on their quality (the
highest quality was taken for further analysis) using the IDA explorer option in the PeakView software. Master
view database present as a part of the software was used to identify the possible compounds from the NIST
library, however only few compounds were identifiable using the library. The remaining extracted fragment ions
and peaks from LC-MS were identified by comparing their molecular weight and the fragmentation pattern
with PubChem database! and published literature.

Quantification of phenolic compounds using UPLC-PDA
The ACQUITY UPLC- H Class with PDA system (MA, USA) was used to quantify the phenolic compounds
present in the free, bound and esterified phenolic fruit fractions. The Syncronis C,, column (Thermoscientific)
with 100 mm X 2.1 mm of diameter and particle size of 1.7 um was used. Mobile Phase A (0.05% formic acid in
water (H,0) v/v), Mobile Phase B (0.1% formic acid in acetonitrile v/v), wash solvent (80% methanol) and purge
solvent (10% methanol) with a flow rate of 0.40 mL per minute and a run time of 15 min as per the gradient
program listed in Supplementary table: S2 was used for quantifying the compounds.

The calibration curves of phenolic compounds such as gallic acid, ellagic acid, quercetin, myricetin,
piceatannol, catechin, sinapic acid, and p-coumaric acid were obtained to determine the concentration of
phenolic compounds in all the three phenolic extracts, respectively.

Assessment of total phenolic and flavonoid content

The total phenolic content of all three phenolic fruit fractions was assayed using Folin-Ciocalteu reagent and
expressed in mg of gallic acid equivalent (GAE)/g of dry powder. Briefly, a sample volume of 400 puL was taken,
and made up to 3 mL with distilled water. Then, 500 uL of Folin-Ciocalteu reagent was added, followed by the
addition of 2 mL of 20% (w/v) Na,CO, and incubation for 30 min under a dark condition'?. The absorbance was
measured at 765 nm with UV/VIS absorbance microplate reader (Clariostar, BMGLabtech) against a reagent
blank.

The total flavonoid content was assayed using Aluminium Chloride method with slight modifications!*. The
crude extracts were diluted using methanol. Precisely, 200 pL of samples were taken and made up to 1 mL
with methanol. Then, 1 mL of 2% (w/v) AL,Cl, was added and the solution was incubated at room temperature
for 15 min. The absorbance was read at 430 nm with UV/VIS absorbance microplate reader (Clariostar,
BMGLabtech) against a reagent blank. The total flavonoid content was expressed in mg of quercetin equivalent
(QE)/ g of dry powder.
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Antioxidant property

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

The free radical scavenging activity was screened by DPPH method! with slight modifications. The free,
esterified and bound phenolic extracts were taken in different concentrations from 10 mL of extracts (dissolved
in methanol) and made up to 3 mL with 0.004% DPPH in methanol. Then, solution was incubated under a dark
condition at room temperature for 30 min. The absorbance was read at 517 nm against a blank with UV/VIS
absorbance microplate reader (Clariostar, BMGLabtech). Ascorbic acid and Trolox were used as standards. The
values were expressed in mg/g ascorbic acid equivalent (AAE) and trolox equivalent (TE).

Ferric reducing antioxidant power (FRAP) assay

Phenolic fractions were analyzed for their reducing capacity by the FRAP assay'®. The FRAP reagent was
prepared using 300 mM of acetate buffer (pH 3.6), 20 mmol/L FeCl,6H,0, and 10 mmol/L TPTZ in 40 mmol/L
HCl in the ratio of 10:1:1. Precisely, 100 uL of sample was taken and made up to 1 mL using FRAP reagent. The
solution was incubated for 30 min at room temperature. The absorbance was measured at 595 nm with UV/VIS
absorbance microplate reader (Clariostar, BMG Labtech) against a blank. The results were expressed in ferrous
sulphate equivalent (FE) and ascorbic acid equivalent (AAE).

2,2’-azino-bis (3-ethylbenzothiazoline-6-sulphonic acid) diammonium salts (ABTS) assay

The free radical scavenging activity was screened using ABTS method described by!® with slight modifications.
The ABTS stock was prepared by mixing 1:1 ratio of (v/v) of 2.6 mM potassium persulfate and 7 mM ABTS.
The mixture was incubated overnight under a dark condition at room temperature. The ABTS working solution
was prepared by mixing 1 mL ABTS with methanol in the ratio of 1:60 (v/v). The phenolic fractions were taken
at different concentrations from 10 mL of extracts (dissolved in methanol) and made upto 3 mL with ABTS
solution. The solution was incubated under a dark condition at room temperature for 6 min. The absorbance was
read at 734 nm against a blank with UV/VIS absorbance microplate reader (Clariostar, BMG Labtech). Ascorbic
acid and trolox were used as standards and the values were expressed in ascorbic acid equivalent (AAE) and
trolox equivalent (TE).

Antimicrobial property

Antimicrobial sensitivity test by disc diffusion method

The antimicrobial sensitivity test of free, bound and esterified phenolics were done using disc diffusion method
with slight modifications!”. The test organisms used for the experiment were Staphylococcus aureus MTCC
1144, Bacillus cereus MTCC 1272 and Escherichia coli MTCC 1610. The bacterial suspension was adjusted to
0.5 McFarland standard (1.5x 10% CFU/mL as final concentration) and inoculated into the Mueller Hinton
agar (MHA) plates. The three fractions of phenolic extracts, ampicillin (positive control) and DMSO (negative
control) were loaded into discs of 6 mm in diameter at appropriate concentrations. The loaded discs were placed
on the inoculated MHA plates and incubated at 37 °C for 24 h. The zone of inhibition was noted.

Minimum inhibitory concentration (MIC)

Minimum Inhibitory Concentration of the three phenolics fractions was performed by the method described
by!” with slight modifications. The extracts were taken at different concentrations (serially diluted from 10 to
0.019 mg/mL) in a 96 well plate along with Muller Hinton broth (50 uL) with a bacterial suspension (10 pL)
adjusted to 0.5 McFarland standard (1.5x 103 CFU/mL as final concentration). After a 24-h incubation, 0.02%
resazurin dye (30 uL) was added and observed. The lowest concentration at which the wells remained blue in
color was taken as the MIC.

Statistical analysis

All experiments were conducted in triplicates. Results were reported as mean + standard deviation. Statistical
analysis was performed using one-way ANOVA Duncan test as post-hoc and Pearson’s correlation coefficient
using SPSS software.

Results

Identification of phenolic compounds using MS/MS fragments

The whole fruits of Rhodomyrtus tomentosa present in Indian region were analyzed for free, insoluble-bound
and esterified phenolics. UHPLC-MS/MS led to the identification of 29 phytochemical compounds belonging
to the classes of hydroxybenzoic acid, hydroxy cinnamic acid, methoxy cinnamic acid, flavonoid, flavonol
glycoside, lignan, cyclohexane carboxylic acid, hydroxy cyclohexane carboxylic acid, alkyl phenol and other
polyphenols. Total ion chromatogram and representative fragment peaks of phenolic compounds present in free,
insoluble-bound and esterified phenolic fruit fractions is illustrated in Figs. 2 and 3. The phenolic compounds
were identified by comparing its mass fragmentation patterns with the previously reported literature. The mass
of parent ion (M-H) as well as the CID fragmentation were used for identification. Identified compounds are
listed in Tables 1, 2 and 3.

In the whole fruits of Rhodomyrtus tomentosa grown in the Indian region, 21 free phenolic compounds, 16
insoluble-bound phenolic compounds, and 18 esterified phenolic compounds were identified. This is the first
investigation reporting the phenolic profile of Rhodomyrtus tomentosa fruits endemic to the Western Ghats,
India. All the three phenolic fruit fractions contained compounds such as quinic acid, gallic acid, pyrogallol,
luteolin, piceatannol and 6-prenylnaringenin. The compounds namely myricetin, ellagic acid, quercetin and
eriodictyol-7-O-glucoside were present in the free and bound phenolic fruit fractions. The free and esterified
phenolic fruit fractions contained ethyl gallate, myricetin-3-O-galactoside and sinapic acid. Ferulic acid,
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Fig. 2. Total Ion Chromatogram of free (a), bound (b) and esterified (c) phenolic fractions.

catechin and chrysin were identified in both bound and esterified phenolic fruit fractions. Chlorogenic acid and
7-hydroxymatairesinol were seen only in free phenolics. Other phytochemical compounds such as p-coumaric
acid and 4-vinylphenol were identified in the esterified phenolic fruit fractions. The phytochemical compounds
like naringenin, quercetin, piceatannol, gallic acid, ferulic acid, and ellagic acid have been reported in the fruits
of Southeast Asian variety as well>!%19,

Hydroxybenzoic acids and its derivatives
Gallic acid, ellagic acid and ethyl gallate are the hydroxybenzoic acids identified in the Rhodomyrtus tomentosa
phenolic fruit fractions.

The ESI-MS signal at m/z 169 was identified as gallic acid with the help of its major fragment ion m/z 125
which corresponds to the loss of CO, molecule from the precursor ion (44 amu)?. Further confirmation was
done by comparing the fragments ions with the fragmentation patterns available in the library.

Peak 9 with precursor m/z 301 (M-H) was present in free and bound phenolic fruit fractions at RT 10.4 and
in esterified phenolics at RT 8.5. The precursor m/z 301 at RT 10.4 and 8.5 was identified and confirmed as free
ellagic acid as it yielded daughter ions at m/z 257, 229 and 185 which were formed due to dissociation of the
parent ion!. Hence, the compound was identified as ellagic acid.

The free and esterified phenolic fruit fractions showed a precursor at m/z 197, it produced major daughter ions
at m/z 169 and m/z 125 which corresponds to the loss of C,H, and CO,, respectively. The MS/MS fragmentation
pattern of the precursor m/z 197 was compared with the reported literature and the compound was found to be
ethyl gallate??.
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Fig. 3. Fragment ion peaks of phenolic compounds present in free, insoluble-bound and esterified phenolic
fruit fractions. (a) quinic acid, (b) piceatannol, (c) ferulic acid, (d) pyrogallol, (e) gallic acid, (f) ellagic acid, (g)
luteolin, (h) 6-prenylnaringenin.

RT Observed | Theoretical | Error | Empirical
Peakno | (min) | m/z m/z (ppm) | formula MS/MS fragment ion Polyphenols References
2 1269 | 1910557 | 191.0561 | —2.17 | C7H1206 21;;%32%87.0080, 1010232, 111.0082, 129.0190, 155.0000, |y inic acid »
3 1.811 | 169.0144 |169.0142 |091 | C7H605 169.0144, 125.0239, 124.6283 Gallic acid 20
4 1.893 | 125.0239 |125.0244 | —4.14 | C6H603 125.0239, 107.0138, 97.0294, 81.0347, 69.0339, 79.01891 | Pyrogallol £
6 9.291 | 197.0467 |197.0455 | 585 | COHI005 | 169.0139, 197.0467, 125.0241, 124.0159 Ethyl gallate 2
Myricetin 30
7 9.907 | 479.0875 | 479.0831 |9.15 | C21H20013 | 151.0030, 179, 271.0259, 287.0204, 316.0246, 317.0317 .
3-O-galactoside
185.0258, 229.0160, 257.0117, 283.9991, 245.0115, - 2
o 10413 | 301.0021 1 300.999 | 10.33 | CI14H608 | 5y, 155 1730234, 145.0299, 129.0338, 117.0343 Ellagic acid
10 11.271 | 317.0325 |317.0303 | 697 | CI5H1008 | 316.0362,317.0325, 178.9992, 151.0036, 137.0241 Myricetin ]
11 12.146 | 301.0377 |301.0354 |7.72 | CI5H1007 | 93.0328,107.0130, 151.0038, 178.9(179) Quercetin »
12 12.768 | 271.0629 |271.0612 | 628 | CI5H1205 | 93.0332, 119.0496, 107.0121, 271.0629, 272.0647 Naringenin 7
13 13.144 | 285.0430 |285.0405 890 | CI5H1006 | 133.0291,151.0056, 243.0367, 285.0430 Luteolin 3
23 1.154 | 111.0084 |111.0088 | —3.32 | C5H403 67.0177 2-Furoicacid | %
Table 1. Free phenolics (Identified by MS fragmentation and literature).
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RT Observed | Theoretical | Error | Empirical
Peak no | (min) | m/z m/z (ppm) | formula MS/MS Fragment ions Polyphenols References
_ 85.0272, 87.0067, 101.0164, 111.0059, 129.0164, T 23
2 1.404 | 191.0194 | 191.0555 3.20 | C7H1206 154.9925, 173.0048 Quinic acid
3 1.992 | 169.0154 | 169.0142 6.82 C7H605 169.0154, 125.0236, 123.0071, 124.0157 Gallic acid 0
4 1.176 | 125.0237 | 125.0244 —5.74 | C6H603 125.0237, 107.0131, 97.0270, 79.0172, 81.0324 Pyrogallol 3
245.0123, 229.0170, 185.0259, 173.0257, 145.0300, S 21
9 10.400 | 301.004 300.999 16.64 | C14H608 129.0346, 117.0343 Ellagic acid
10 11.429 | 317.0329 | 317.0303 8.23 C15H1008 | 317.0329, 179.0006, 151.0046, 137.0253 Myricetin 2
11 12.321 | 301.0380 | 301.0354 8.72 C15H1007 | 107.0122, 151.0059, 179.0010 Quercetin 2
18 10.247 | 193.0522 | 193.0506 8.12 C10H1004 | 134.0376, 133.0302, 106.0420, 178.0287, 149.0823 | Ferulic acid 12
23 1.175 | 111.0092 | 111.0088 3.89 | C5H403 | 67.0188 2-Furoic acid »
27 9.339 | 305.0667 | 305.0667 0.08 C15H1407 | 137.0236, 169.0132, 261.0739 Epigallocatechin/gallocatechin | 2
Table 2. Bound phenolics (identified by MS fragmentation and literature).
Peak | RT Observed | Theoretical | Error | Empirical
no (min) | m/z m/z (ppm) | formula MS/MS fragment ions Polyphenols References
85.0284, 87.0076, 101.0228,
2 1.490 | 191.0551 | 191.0561 —5.29 | C7H1206 111.0079, 129.0188, 154.9977, Quinic acid 3
173.0094
79.0180, 97.0284, 81.0335,
3 1.858 | 169.0153 | 169.0142 6.23 C7H605 169.0153, 125.0242, 123.0081, Gallic acid 0
124.0159
4 1.358 | 125.0245 | 125.0244 0.66 C6H603 79.0162, 96.9554 (97), 125.0245 Pyrogallol 3
6 9.375 | 197.0481 | 197.0455 12.96 | CO9H1005 169.0150, 197, 124.0152 Ethyl gallate 2
151.0034, 179, 271.0262, 287.0216, - . 30
7 10.015 | 479.0886 | 479.0831 11.45 | C21H20013 316.0249, 317.0321 Myricetin 3-O-galactoside
117.0350, 129.0339, 145.0301,
9 8.596 | 301.0046 | 300.999 18.63 | C14H608 173.0263, 185.0263, 200.0142, Ellagic acid 21
229.0171, 245.0120, 257.0132
134.0370, 106.0430, 133.0290, S 12
18 10.209 | 193.0522 | 193.0506 8.12 C10H1004 178.0269, 149.0597 Ferulic acid
20 9.646 | 163.0402 | 163.0401 0.81 C9H803 119.0493, 93.0339 p-coumaric acid 2
21 9.678 | 119.0495 | 119.0502 —6.20 | C8H8O 91.0545, 93.0336, 119.0495 4-Vinylphenol 34
23 1.178 | 111.0089 | 111.0088 1.19 C5H403 67.0176 2-Furoic acid s
29 9.319 | 457.082 457.0776 9.55 C22H18011 | 125.0236, 169.0144, 305.0682 Gallocatechin-3-O-gallate/Epigallocatechin-3-O-gallate | 2

Table 3. Esterified phenolics (identified by MS fragmentation and literature).

Hydroxy cyclohexane carboxylic acid
A pseudomolecular ion was seen at m/z 191 in all the three phenolic fruit fractions. It produced fragment ions
at m/z 101 (M-CO,-H,0-CO), m/z 111 (M-CO,-2H,0), m/z 129 (M-CO,-2H,0), m/z 155 (M-2H,0) and m/z
173 (M-H,0)%. These fragment ions are characteristics of quinic acid hence the peak 2 was identified as quinic

acid.

Cinnamic acids and its derivatives
Hydroxycinnamic acids namely chlorogenic acid, ferulic acid and p-coumaric acid; methoxycinnamic acid such
as sinapic acid were identified.

The parent ion m/z 193 was seen only in bound and esterified phenolic fruit fraction and yielded a daughter
ion at m/z 134 resulting from the loss of a methyl group and a carboxyl group. According to reports, in a phenolic
compound containing a methoxy moiety, a simultaneous loss of methyl group is accompanied by a loss in
carboxyl group. Based on the fragmentation pattern, the precursor m/z 193 was identified as ferulic acid!?.

A precursor m/z 163 was observed only in esterified phenolic fruit fraction which is assigned as peak 20.
The major product ions produced were at m/z 119 and m/z 93. The product ion m/z 119 was produced due to a
removal of CO, (44 amu)*. By comparing the fragmentation pattern with previously reported data, peak 20 was
assigned as p-coumaric acid.

In the free and esterified phenolic fruit fractions, peak 15 was seen with a precursor ion at m/z 223. A daughter
ion was formed at m/z 179 as a result of loss of CO, and the fragmentation pattern was similar to that of sinapic
acid. So, the compound at peak 15 was designated as sinapic acid** based on the fragmentation pattern and by
matching the retention time of standard with that of the sample in UPLC-PDA results.
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Flavonoids and flavonoid glycosides

Quercetin, myricetin, catechin, eriodictyol, naringenin, 6- prenylnaringenin, gallocatechin/epigallocatechin
and luteolin were the flavonoids identified. Flavones namely chrysin, and eupatilin, flavonols such as quercetin,
gallocatechin-3-O-gallate/ epigallocatechin-3-O-gallate and isorhamnetin, and flavonol glycosides like myrcetin-
3-O-galactoside and eriodictyol-7-O-glucoside was identified in the phenolic fruit fractions of Rhodomyrtus
tomentosa.

The precursor m/z 301(peak 11) at RT 12 was confirmed as quercetin due to the production of fragment ions
m/z 151 and m/z 179%.

The esterified phenolics fraction exhibited a precursor at m/z 457 with fragment ions at m/z 125 and m/z 169
representing the decarboxylated gallic acid moiety and deprotonated gallic acid, respectively. These fragment
ions lead to the identification of gallocatechin-3-O-gallate/epigallocatechin-3-O-gallate?®.

The precusor m/z 305, present in the bound phenolic fraction at RT 18.219 was identified as gallocatechin/
epigallocatechin by the formation of fragment ion at m/z 137 as a result of Retro-Diels Alder fragmentation
reaction®.

The free phenolics fruit fraction showed a precursor at m/z 271 with the formation of fragment ions at m/z
93, m/z 119, m/z 107 and m/z 272 as a result of retro Diels-Alder reaction. The compound was designated as
naringenin based on the fragmentation pattern reported previously?’.

Peak 10 of both the free and bound phenolic fruit fractions revealed a precursor ion at m/z 317 with MS/
MS base at m/z 151, m/z 179 and m/z 137. The fragment ion m/z 137 was formed due to Retro Diels-Alder
reaction of flavon-3-ols with A ring (dihydroxylated), and B ring (trihydroxylated). In addition, the cleavage of
heterocyclic C-ring produces the daughter ions m/z 151 and m/z 179. It is reported that these three fragment
ions are characteristics of the compound myricetin, hence the precursor m/z 317 was designated as myricetin®.

Peak 22 with precursor ion m/z 289 was seen in bound and esterified phenolics. The product ions were
formed at m/z 245, m/z 271 and m/z 125. Elimination of water molecule (18 Da) resulted in the formation of
m/z 271, m/z 245 by loss of CH,=CH-OH (44 Da) and m/z 125 may have formed by heterocyclic ring fission
elimination of A ring. The observed fragmentation pattern is a diagnostic feature of the compound catechin and
peak 22 was identified as catechin?® based on the literature and by matching the retention time of standard with
that of the sample in UPLC-PDA result.

Peak 7 found in free and esterified phenolic fruit fractions produced a deprotonated molecule at m/z 479
formed product ions at m/z 151, m/z 179, m/z 271, m/z 287, m/z 316 and m/z 317. The fragment ions m/z 317
and m/z 316 can be attributed to the loss of a hexose (162 Da) or deoxyhexose unit (146 Da) which is typical
of a flavanol structure. The fragment ions m/z 151 and m/z 179 are typical product ions of myricetin. Further,
a product ion at m/z 271 signifying the loss of C,H,0 (46 Da) was seen. By comparing the above data with
the reported fragmentation pattern®’, the above compound was identified as myricetin-3-O-galactoside. This
compound has been earlier reported only in the leaves of Myrtus communis which belongs to the same family.

The precursor m/z 285 was found in free phenolic fruit fractions. The precursor m/z 285 produced major
daughter ions at m/z 133, m/z 151 and m/z 243 in free phenolic fruit fraction, whereas the major daughter ions
seen in bound and esterified fruit fractions were m/z 241 and m/z 267. The fragment ions m/z 133 and m/z 151
were formed as a result of Retro-Diels Alder fragmentation. The fragment ions m/z 243, m/z 241 and m/z 267
were in agreement with the loss of C,H,0, CO, and H,O molecules respectively. The comparison of fragment
ions reported by*!, led to the identification of peak 13 as luteolin.

Other compounds
Other polyphenols including stillbenoids, lignans, cyclohexane carboxylic acids and alkyl phenols were seen in
the phenolic fruit fractions of the whole fruit.

The precursor m/z 243 with peak number 14 was present in all the three fractions. A fragment ion was
generated at m/z 225 attributable to the removal of a H,O molecule which is caused by the presence of a catechol
moiety ***. Other fragment ion such as m/z 199 was formed as a result of the loss of C,H,O. The major daughter
ions were compared with previously reported literature® and by matching the retention time of standard with
that of the sample in UPLC-PDA results, the compound was detected as piceatannol.

Peak 4 exhibited a precursor ion at m/z 125 and major fragment ions were produced at m/z 107 and m/z 97
caused by loss of water molecule (18 Da) and CO (28 Da), respectively. So, this compound was confirmed as
pyrogallol based on its fragmentation pattern®.

The esterified phenolic fruit fraction showed the presence of a precursor ion at m/z 119 and it yielded major
daughter ions at m/z 91 and m/z 93. Based on the fragmentation pattern reported by Zhi and team®, it was
detected as 4-vinylphenol.

Peak 23 was identified as 2-furoic acid which is an organic acid comprising a side-ring of carboxylic acid and
furan. This compound exhibited a precursor ion at m/z 111 with daughter ions at m/z 67 indicating the loss of
€0, and was present in all the three phenolic fractions.

Among the 29 compounds which were identified using UHPLC-MS/MS, 18 compounds namely chlorogenic
acid, pyrogallol, eriodictyol, eriodictyol-7-O-glucoside, myricetin-3-O-galactoside, luteolin, sinapic acid,
7-hydroxymatairesinoisol, 6-prenylnaringenin, chrysin, p-coumaricacid, 2-furoicacid, eupatilin, syringaldehyde,
isorhamnetin, gallocatechin/epigallocatechin, gallocatechin-3-O-gallate/epigallocatechin-3-O-gallate and
4-vinylphenol are being presented for the first time in Rhodomyrtus tomentosa fruits. The mass error (ppm) was
found tobehigheri.e. > 20 ppm for compounds namely eriodictyol®®, chrysin®’, 6-prenylnaringenin®, eriodictyol-
7-O-glucoside®®, 7-hydroxymatairesinol®’, dihydrocaffeic acid*"*2, chlorogenic acid®, syringaldehyde®+!,
eupatilin®**, isorhamnetin®’, luteolin®' (bound and esterified fractions), so these compounds were identified
tentatively (Supplementary Tables: S5-S7). The compounds piceatannol, catechin and sinapic acid have been
confirmed by UPLC-PDA identification and quantification though they showed a higher mass error (> 20 ppm).
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Moreover, piceatannol has also been reported in this plant, previously’. The compound isorhamnetin has been
reported in the eugenia species belonging to the myrtaceae family*®. The high mass error may be due to lower
abundance of the analyte which in turn can lower the intensity of signals*’.

Quantification of Individual phenolic compounds

The calibration curves of pure standards were obtained and used for the quantification of individual phenolic
compounds using UPLC-PDA system. The compounds namely gallic acid, ellagic acid, myricetin, piceattanol,
catechin, quercetin, p-coumaric acid and sinapic acid were present in quantifiable amounts (Table 4). The free
phenolic fruit fraction contains the highest amount of ellagic acid, followed by gallic acid, myricetin and sinapic
acid. The bound phenolic fruit fractions were seen to contain higher amounts of gallic acid followed by ellagic
acid, quercetin, myricetin, catechin and piceattanol. The esterified phenolic fruits fractions consisted of higher
amounts of gallic acid, followed by p-coumaric acid, catechin and piceattanol in trace amounts. Though sinapic
acid was identified in the esterified phenolics fraction in UHPLC-MS/MS, it was not detected in UPLC-PDA as it
was present in lower concentrations and the sensitivity of Mass Spectrometry is much higher that PDA detector.

Total phenolic content and total flavonoid content

Total phenolic content assay revealed that the bound phenolic fruit fraction was found to have more phenolic

acids when compared to free and esterified phenolics (Supplementary table: S3). The free, bound and esterified

phenolic content were found to be 5.22+0.09, 7.09 +0.17 and 1.25+0.01 mg GAE/g of dry weight respectively.
Total flavonoid content of free, bound and esterified phenolics was estimated as 2.71 +0.11, 2.64 +0.06 and

0.11 +0.00 mg quercetin equivalent/g of dry weight, respectively in the Indian variety of Rhodomyrtus tomentosa

(Supplementary table: S3).

Antioxidant activities

Ascorbic acid, trolox along with ferrous sulphate were used as positive controls. In DPPH assay, bound phenolic
(15.63 +0.86) fruit fraction exhibited the highest antioxidant potential followed by free phenolics (12.35+0.15)
and esterified phenolics (1.50+0.01) expressed as mg/g Ascorbic acid equivalent (AAE). In FRAP antioxidant
assay, bound phenolic (17.89+0.27) fruit fraction showed the highest antioxidant activity in terms of mg/g
Ascorbic acid equivalent followed by free (15.21+0.11) and esterified phenolic (1.83 +0.06) fruit fractions. In
ABTS antioxidant assay, bound phenolic (34.73 +0.07) fruit fraction exhibited the highest antioxidant activity
followed by free (12.98 +0.14) and esterified phenolics (5.56+0.12) in terms of Ascorbic acid equivalent. The
bound phenolics from the Indian fruits showed higher antioxidant potential in DPPH, ABTS and FRAP assays,
comparatively. In, addition, the antioxidant potential has been expressed in trolox equivalent. It showed a similar
trend, bound phenolics was seen to have higher antioxidant potential.

Further, the antioxidant activity expressed in mg/g ascorbic acid, trolox and ferrous sulphate equivalent
(Supplementary table: S3) were subjected to Pearson’s correlation coefficient test (Supplementary table: S4).
Correlation between Total phenolic content, total flavonoid content and antioxidant activities was investigated
by Pearson’s correlation coefficient test using SPSS software. The results showed a significant (p <0.01) and
positive correlation between total phenolic content (R%-0.992 AAE, R?-0.982 TE), Total Flavonoid content
(R%-0.968 AAE, R2-0.981 TE) and DPPH antioxidant assay. A positive correlation was observed between total
phenolic content (R?-0.987 AAE, R?-0.983 FE), total flavonoid content (R?-0.982 AAE, R?-0.986 FE) and FRAP
antioxidant assay. The correlation between total phenolic content (R?-0.886 AAE, R?-0.901 TE) and ABTS
antioxidant assay was found to be positive with a significance of p <0.05. Whereas, the total flavonoid content
(R%-0.678 AAE, R?-0.703 TE) and ABTS antioxidant assay showed a moderate correlation.

Antimicrobial activity

The antimicrobial property of free, insoluble-bound and esterified phenolic fruit fractions of the Indian variety
of Rhodomyrtus tomentosa fruits were analyzed for the first time. The antimicrobial sensitivity test was done
using disc diffusion method and the results (Fig. 4) proved that all three extracts showed a good inhibition zone
against S. aureus in the order of bound phenolics (18.50+0.71 mm)> free phenolics (16.25+0.35 mm) > esterified
phenolics (10.25+0.35 mm) and B. cereus in the order of free phenolics (13.75+0.35 mm)>bound phenolics

Phenolic compound (mg/100 fruit weight) | Free phenolics | Bound phenolics | Esterified phenolics
Gallic acid 6.23+0.29° 180.44+8.74° 103.76 +6.34°
Ellagic acid 13234035 | 107.47+7.28° 165.63+7.65°
Myricetin 2.88+0.112 2.41+0.09° ND

Quercetin 0.73+0.06° 3.18+0.032 ND

Piceatannol 0.084+0.00> | 0.463 +0.02° 0.088 +0.00°

Sinapic acid 2.03+0.012 ND ND

p-coumaric acid ND ND 0.61+0.042
Catechin ND 1.76 +0.05° 0.12+0.00°

Table 4. Quantification of individual phenolic compounds. Data are expressed as mean + standard deviation.
The values with different lower case letters are significantly different at p <0.05 within each row. ND-Not
detected.
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(a) (b) (c)

Fig. 4. Antimicrobial Sensitivity test using disc diffusion method (a) Staphylococcus aureus, (b) Bacillus cereus,
(¢) Escherichia coli where A-ampicillin, FP-free phenolics, BP-bound phenolics and EP-esterified phenolics.

(12.34+0.53 mm)) > esterified phenolics (10.50+0.71 mm) at a concentration of 10 mg/mL. The inhibition zone
for E. coli was observed only for bound phenolics (8 +0.00 mm). The free and esterified phenolic fractions showed
no inhibition against E. coli. The MIC test showed inhibition in the order of bound phenolics (0.156 mg/mL) > free
phenolics (0.625 mg/mL) > esterified phenolics (1.25 mg/mL) against B. cereus. The inhibition of S. aureus was
observed in the order of bound phenolics (0.625 mg/mL) > free phenolics (0.781 mg/mL) and esterified phenolics
(0.781 mg/mL). The MIC test against E. coli showed that only bound fraction (1.25 mg/mL) was able to inhibit the
bacteria; free and esterified fractions showed no inhibition against E. coli even at higher concentrations.

Discussion

This study investigates the free, bound and esterified phenolics present in the Indian variety of Rhodomyrtus
tomentosa fruits and their bioactivity namely antioxidant and antimicrobial properties for the first time. The
bound phenolics are the compounds which are bound to the structural compounds of cell-wall, covalently. They
are released after a treatment with an alkali unlike free and esterified phenolics. The esterified phenolics are
found to be conjugated to low molecular mass components and sugars. Both the free and esterified phenolics can
be extracted using solvents such as water, acetone, ethanol and methanol®®. So, the identification of free, bound
and esterified phenolics plays an important role in assessing the biological activity of foods.

The phenolic acids present in the three phenolic fractions were identified by comparing the UHPLC-MS/
MS fragments with available literature. In total, 29 compounds were identified in the Indian RT fruits among
which 18 compounds were reported for the first time in this plant species. The phenolic acids present in Indian
Rhodomyrtus tomentosa fruits were quantified using UPLC-PDA. By comparing the content of phenolic acids
in the green Indian RT fruits and purple fruits of Southeast Asia dissimilarities in the phenolic contents were
noted. For instance, gallic acid content in free and bound phenolics in purple variety of Rhodomyrtus tomentosa
unmature fruits were found to be 7.02 mg and 71.72 mg /100 g respectively and 8.27 mg and 50.71 mg/100 g in
mature fruits'®. Using an optimized extraction method, Lai and co-workers*” reported the piceatannol content
as 230 mg/100 g in the purple fruits but it was present only in trace amounts in the green fruits from the Indian
region. These wide differences in the concentrations may be due to the variety, geographical location and the
extraction techniques used. In the Indian variety fruits, gallic acid and ellagic acid were copiously present in
the insoluble-bound and esterified phenolic fruit fractions when compared to purple fruits of Southeast Asia.
Gallic acid is well established for its excellent anti-inflammatory, antimicrobial and gastro protective health
benefits whereas, ellagic acid is known for its antioxidant, antimicrobial and antimutagenic properties. The tribal
communities in the Western Ghat regions have been traditionally using Rhodomyrtus tomentosa fruits for the
treatment of diarrhea, wound healing etc., which can be ascribed to the presence of phenolic compounds.

The total phenolic content and flavonoid content have been analyzed in all the three fractions and mentioned
in Supplementary table: S3. A recent study by' reported phenolic content (11.2 mg GAE/g) in free as well as
bound fractions of the purple fruits. Higher total phenolic content ranging from 24 mg GAE/g*® to 49.2 mg
GAE/g of dry weight®! has been reported previously for the purple fruits of Rhodomyrtus tomentosa. Hu'® and
coworkers have reported flavonoid content of 5.3 and 3.1 mg rutin equivalent /g of dry weight, in free and bound
fractions of the purple fruits respectively. The total flavonoid content of the fruits from Vietnam reported by Lai®
was found to be 1.52 mg quercetin equivalent/g of dry weight. Wu and co-workers have used a modified method
for the extraction of flavonoids which yielded 62.09 mg rutin equivalent/g of dry weight'®. Hitherto, the fruits of
Indian variety have not been analyzed for their phenolic and flavonoid content.

The antioxidant activities of free, insoluble bound and esterified phenolics of the whole fruit were analyzed
using ABTS, DPPH and FRAP assays. The phenolic compounds may exhibit antioxidant activity by various
mechanisms namely as hydrogen donors, reducing agents, reactive oxygen species quenchers, reactive nitrogen
species quenchers, transition metal chelators, oxidative stress inhibitors, enzyme inhibition and up-regulators of
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endogenous defense mechanism>2. Hence, the antioxidant activities of the phenolic fruit fractions were estimated
using three antioxidant assays such as ABTS, DPPH and FRAP to account for various antioxidant mechanisms.

The bound phenolic fraction exhibited highest antioxidant capacity in all the three antioxidant assays namely
DPPH (15.63+0.86 mg/g AAE), FRAP (17.89+0.27 mg/g AAE) and ABTS (34.73+0.07 mg/g AAE). The
anthocyanin rich extract from the purple berries of Rhodomyrtus tomentosa showed 6.25+0.25 pg/mL and
206 +2.37 ug/mL of IC, value in DPPH and ABTS radical scavenging assays, respectively>. The antioxidant
potential of the two varieties of Rhodomyrtus tomentosa fruits may be different due to their phytochemical
composition which is evident in our study. The antioxidant capacity of phenolic fruit fractions depends on the
type, concentration, structural configuration and mechanism of action of phenolic compounds present in them,
leading to the difference in the scavenging activities of the phenolic fruit fractions in DPPH, ABTS and FRAP
assays>2.

Traditional use of Rhodomyrtus tomentosa fruits as an anti-diarrheal agent led us to the exploration of its
antibacterial activity. Indian Rhodomyrtus tomentosa fruits possess a good antimicrobial potential and this
bioactivity is being reported for the first time. Rosli® has reported the antimicrobial property of the Southeast
Asian variety fruits against S. aureus and E. coli with an inhibition zone of 16 mm and 12 mm but at unknown
concentrations. In contrast, the Indian Rhodomyrtus tomentosa fruits showed good inhibition zones as shown
in Fig. 4. The ethanolic extract of Jambolan fruit pulp showed an MIC of 2 mg/mL against E. coli and S. aureus,
whereas the bound fraction of Indian Rhodomyrtus tomentosa fruits showed an MIC at 1.25 mg/mL and
0.625 mg/mL, respectively®. In addition, elderberry fruit extracts inhibited E. coli, S. aureus and B. cereus at an
MIC of 7.81 mg/mL but Indian Rhodomyrtus tomentosa fruits showed a better MIC with 0.156 mg/mL against
B. cereus™. In this study, the free and esterified phenolic fractions showed no inhibition and bound phenolic
fraction showed a low inhibition against E. coli which may be attributed to the bacterial cell envelope. E. coli
being a gram-negative bacterium, has three layers of cell envelope unlike the gram-positive bacteria which has
a single layer of cell envelope, thus making the E. coli less vulnerable to certain phenolic compounds®. The
antimicrobial potential of fruits can be attributed to the presence of phenolic compounds such as gallic acid,
ellagic acid, luteolin, myricetin, quercetin and their combined effects®®. The phenolic extracts from the ripe green
Rhodomyrtus tomentosa fruits can be considered as potential antimicrobial agents for food and pharmacological
applications. They can be incorporated directly into food or food packaging materials to prevent the growth
of pathogenic microorganism, thereby ensuring a safe food for consumption. The notable difference in the
phenolics and bioactivity of the Southeast Asian variety and Indian variety of fruits may be attributed to the
color, geographical location, variety and the technique used for extraction.

Conclusion

The three phenolic extracts namely free, insoluble-bound and esterified phenolics were fractionated from the
whole fruits of Rhodomyrtus tomentosa present in the Indian region, a novel source to be explored. UHPLC-
MS/MS analyses demonstrated the presence of 29 phenolic compounds in this fruit, out of which 18 are being
revealed for the first time. Comparatively, the bound phenolic fruit fraction contained the highest amount of
phenolics, exhibited the highest antioxidant potential and antimicrobial activity. Gallic acid and ellagic acid
having well established health benefits were prominently found in the insoluble-bound phenolic fruit fraction.
Rhodomyrtus tomentosa has been traditionally used for various ailments by the tribal communities like the
Kothas and Kurumbas for years and the phenolic profiling helps in providing a scientific basis to it. Though this
fruit from the Western Ghats is unexplored and underexploited, it can be a promising functional ingredient
in food products, thereby boosting tribal economy. It is envisaged that the identification and quantification of
phenolic compounds will pave way for further characterization of its biological and pharmacological activities.

Data availability
All data generated or analysed during this study are included in this published article [and its supplementary
information files].
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