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Abstract: The Asava-Arista are traditional Ayurvedic pharmaceutical dosage forms that are easy to use due to their improved
palatability, enhanced therapeutic action, and long shelf life. The fermentation process extracted the active principles from raw
plant material through self-generated alcohol. Panchvalkal is a well-known Ayurvedic anti-infective polyherbal formulation. The
present study used Panchvalkal plant mixers to prepare an Ayurvedic dosage form Arista. To prepare the Panchvalkal Arista,
Panchvalkal decoction was subjected to a fermentation process by a fermenting agent, Saccharomyces cerevisiae. Non-fermented
Panchvalkal decoction and fermented Panchvalkal Arista were then investigated for their phytoconstituents by High-Resolution
Liquid Chromatography-Mass Spectrometry coupled with Quadrupole Time-Of-Flight (HRLCMS-QTOF) analysis. This study's
result clarified the changes that occurred after the fermentation process and revealed the formation of new phytochemicals in the
Panchvalkal Arista formulation.
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1. INTRODUCTION

Ayurveda describes the process of making alcoholic liquid formulations prepared as per the principles of the classical fermentation
process that conserves the alcohol soluble extractives of herbal ingredients in self-generated alcohol[1]. It includes the Asava and
Arista, which are traditional Ayurvedic dosage forms and are frequently prescribed to treat several diseases[2]. The self-generated
alcohol in these preparations potentiates the products pharmaceutically and therapeutically[3].

Panchvalkal is a mixture of five plant barks with properties like cleaning and healing infected wounds. Individually and in
combination, it has astringent properties and is useful in treating wounds and managing inflammation[4,5]. Panchvalkal
formulations also possess the quorum-modulatory potential and moderate prebiotic properties[6]. Panchvalkal includes the stem
barks of five plants-Ficus benghalensis Linn., Ficus glomerata Linn., Ficus religiosa Linn., Ficus virens W. T. Aiton, and Thespesia
populnea Soland Ex Correa[1,7,8].

A novel approach was applied to prepare Arista from Panchvalkal barks, and phytochemical investigations were carried out to
determine the changes in the fermented Panchvalkal decoctions. The phytochemical investigation of the Ayurvedic formulation
using phytochemical parameters and thin layer chromatography of raw materials and formulations is insufficient for proper
standardization[9]. Nowadays, innovative and advanced methods are available for standardizing herbal drugs, like the combination
of chromatographic and spectrophotometric methods[10]. Therefore, modern analytical methods such as High-Resolution Liquid
Chromatography-Mass Spectrometry coupled with Quadrupole Time-Of-Flight (HRLCMS-QTOF) analysis was applied to
investigate both non-fermented Panchvalkal decoction as well as fermented formulation Panchvalkal Arista.

2. MATERIAL AND METHOD

2.1 Collection of Panchvalkal Plant Barks

The stem barks of Panchvalkal plants named Ficus benghalensis, Ficus virens, Ficus religiosa, Ficus glomerata, and Thespesia
populnea were collected from local regions of Ahmedabad, Gujarat, India. The botanical identification and qualitative evaluation
were carried out using different parameters from data mentioned in the Ayurvedic pharmacopeia of India. The side branches were
collected, and bark from each stem was removed and cut into small pieces. All barks pieces were allowed to shade dry and stored
in an air-tight container for further use.
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2.2 Preparation of Panchvalkal Arista
To prepare Panchvalkal decoction, all the barks were weighted equally (10gm each). The decoction was prepared by boiling this
bark (1 part) in a specified volume of water (16 parts) for a definite time (until 1/4th part of the water remains). The decoction was
allowed to cool at room temperature and then filtered using a clean muslin cloth[11]. Baker’s yeast Saccharomyces cerevisiae was
used as a fermenting agent[3]. Baker’s yeast Saccharomyces cerevisiae MTCC 170 was obtained from the microbiology laboratory
of SKKPGSC, Nanikadi, Gujarat, India.

The madhur dravya- jaggery (39.0625 gm) was added into 100 ml Panchvalkal decoction (kwath) and mixed well to dissolve
jaggery[12]. 10ml of fermenting agent Saccharomyces cerevisiae was added aseptically into the previously prepared mixture of
jaggery and decoction. Then mixer was transferred aseptically to sterile air-tight glass bottles and placed in an incubator at 28°C
temperature for 30 days to complete the fermentation[13,3]. After the completion of incubation time, the fermented extract was
taken out and filtered using a clean muslin cloth.

2.3 Phytochemical investigation by HRLCMS-QTOF Analysis

Both non-fermented Panchvalkal decoction (PD) and Panchvalkal Arista (SC-Y-PA) were analyzed to find the changes that
occurred after the permutation process. For HRLCMS-QTOF analysis, both samples were sent to SAIF, 11T Bombay, India. Both
the samples were analyzed using an Agilent (6550 iFunnel QTOFS) system consisting of a hip sampler (G4226A), a binary pump
(G4220B), a column component (G1316C), and Q-TOF. Chromatographic separation was performed on a 1290 infinity UHPLC
system fitted with a Hypersil GOLD column C18 (100 X 2.1 mm-3Micron).

Nitrogen was used as drying and collision gas. The parameter such as gas flow was set at 13 I/min with a 250 °C temperature, the
sheath gas flow rate was 11 I/min at 300 °C, and the nebulizer gas was set at 35 psi gas flow pressure. The capillary tension was set
at 3500 V, nozzle voltage was 1000 V, fragmentor voltage was 175 V, and skimmer voltage was set at 65 V. The mobile phase
contained 0.1% formic acid in water (A) and 90% acetonitrile, 10% water, and 0.1% formic acid (B). The flow rate was adjusted to
0.300 ml/min with a 5.00 pl injection volume. The elusion program is given in Table 1. Positive and negative ion chromatogram
was recorded, and Q-TOF data acquisition and analysis of mass spectrometry were carried out using Agilent MassHunter software.

Table 1: Chromatography timetable

Time A B Flow Pressure
1 1 min 95.00% 5.00% 0.300 ml/min 1200.00 bar
2 20 min 0.00% 100% 0.300 ml/min 1200.00 bar
3 25 min 0.00% 100% 0.300 ml/min 1200.00 bar
4 26 min 95.00% 5.00% 0.300 ml/min 1200.00 bar
5 30 min 95.00% 5.00% 0.300 ml/min 1200.00 bar

3. RESULT AND DISCUSSION

3.1 Phytochemical Investigation by HRLCMS-QTOF analysis

Phytochemical screening for both non-fermented Panchvalkal decoction (PD) and fermented Panchvalkal Arista (SC-Y-PA) was
carried out, which showed the presence of different phytochemicals before fermentation and at the end of fermentation. Analysis
of these results indicated that certain compounds were retained during the entire course of fermentation while many disappeared.
Likewise, the new compound formation was also traced (Table 2). Furthermore, the identified compounds from both the samples
were divided into three categories, i.e., retained compounds disappeared compounds, and newly formed compounds. Based on
HRLCMS-QTOF analysis, eight compounds were retained during the entire course of fermentation of Panchvalkal Arista. Further,
sixty-one compounds were known to diaper, and fifty-eight compounds were newly formed as a result of fermentation.

Table 2: Phytochemicals that are retained, disappeared, and newly formed due to fermentation of Panchvalkal decoction (PD) to
Panchvalkal Arista (SC-Y-PA).

Retained compounds Disappeared compounds Newly formed compounds
Plumieride Dihydrocaffeic acid 3-O-glucuronide 8-Hydroxy-3-chlorodibenzofuran
Gentisic acid Tranexamic acid O-Demethylfonsecin
Quinic acid Oxacyclotetradecan-2-one Isoamyl nitrite
b-D-Glucuronopyranosyl-(1->3)-a-  Retronecine 2,4-Di-tert-butylphenol
D-galacturonopyranosyl-(1->2)-L-
rhamnose
Lusitanicoside L-isoleucyl-L-proline alpha-Santalal
Corchorifatty acid F Pirbuterol Eremopetasidione
N-acetyl-L TE4 Buformin 1-[(5-Methyl-2-

furanyl)methyl]pyrrolidine
Sphinganine D-1-[(3-Carboxypropyl)amino]-1- Dambonitol
deoxyfructose
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Retained compounds

Disappeared compounds

Newly formed compounds

1,2,3,4-Tetrahydro-alpha, 7-dihydroxy-
beta-(hydroxymethyl)-9-methoxy-3,4-
dioxocyclopenta[c][1]benzopyran-6-
propanal
(S)-N-[3-(3,4-Methylenedioxyphenyl)-
2-(mercaptomethyl)-1-oxoprolyl]glycine
Hydroxyatrazine

Carindacillin

Saccharopine

Procyanidin B7

Leonuriside A

(1S,2S,4R,8S)-p-Menthane-1,2,8,9-
tetrol 2-glucoside

Vanillactic acid
Decarbamoylsaxitoxin
Diphenylcarbazide

Lycoperdic acid
Glucosylgalactosyl hydroxylysine

2,4,6-Triethyl-1,3,5-trioxane
Flavonol 3-O-beta-D-glucoside
Menthyl ethylene glycol carbonate
Cinnamodial

cis-p-Coumaric acid

Geranyl 2-ethylbutyrate

Ethyl vanillin isobutyrate
Dihydrodeoxystreptomycin
Manumycin A
9,10,13-trihydroxy-11-octadecenoic acid
16-Hydroxy hexadecanoic acid
3-Methylbutyl 2-methylpropanoate
4,4-Difluoropregn-5-ene-3,20-dione

C16 Sphinganine
Palmitic amide

2alpha,3alpha-(Difluoromethylene)-
5alpha-androstan-17beta-ol acetate

Nigakilactone B
Guazatine
Methyl 2-furoate
Lucidenic acid M
Avocadene

N-Hexadecanoylpyrrolidine
L-Malic acid
6-(Allylthio)purine

Bismuth subsalicylate

Trichotomine

IPSP

Mitoxantrone

Mecarbinzid

Pteridine
Robinetinidol-(4alpha->8)-catechin-(6-
>4alpha)-robinetinidol

Cl Basic red 9

Amantadine

N-Methacrylylglycine methyl ester
Harpagoside

Verproside
3-(2-Furanylmethylene)pyrrolidine
Herierin 1V
1-(Methylsulfanyl)-1-oxopropan-2-yl
acetate

Dehydrojuvabione

Ethyl 3,4,5-trimethoxybenzoate
Mirtazapine

Stilbamidine
7-Hydroxy-2-methyl-4-oxo-4H-1-
benzopyran-5-acetic acid
Metyrapone
trans,trans-1,4-Diphenyl-1,3-butadiene
3-Phenoxypropionic acid
Methoxyeugenol
3,4,5-Trimethoxyphenyl acetate
Flocoumafen
6-Cinnamoyl-1-galloylglucose
Procerin

4-Methylburimamide

Hesperetin 7-O-glucuronide
Podolide

PGE2
2-(Methylthiomethyl)-3-phenyl-2-
propenal

Citric acid
(2)-5-[(5-Methyl-2-thienyl)methylene]-
2(5H)-furanone

Sulfuric acid

D-Lombricine

Halosulfuron-methyl

Resorcinol

2,6-dihydroxybenzoic acid
2-(2-Thienylmethylene)-1,6-
dioxaspiro[4.4]non-3-ene
(R)-(Homo)2-citrate

Chorismic acid
2-Succinyl-5-enolpyruvyl-6-hydroxy-3-
cyclohexene-1-carboxylate
m-Hydroxybenzoic acid

(x)-Glycerol 1,2-diacetate
Dihydroferulic acid 4-O-glucuronide
Methyl helianthenoate F glucoside
Kaempferol 3-rhamnoside 7-xyloside
Hypericin

Trovafloxacin
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Retained compounds Disappeared compounds Newly formed compounds
6-(2-Carboxyethyl)-7-hydroxy-2,2- 3-(4-Hydroxyphenyl)propionic acid
dimethyl-4-chromanone glucoside
Sudachiin A Torachrysone 8-beta-gentiobioside
Fluopicolide 1-O-Caffeoylquinic acid
Lauryl hydrogen sulfate 9,10-Dihydroxy-12,13-

epoxyoctadecanoate
Hexazinone Cis-5-Caffeoylquinic acid
Calpeptin Chlorogenic acid

2-Dodecylbenzenesulfonic acid
C16 Sphinganine
5Z-Caffeoylquinic acid

Additionally, literatures were studied to determine the antimicrobial efficacy of identified compounds. Both retained and newly
formed compounds were screened for their recorded antimicrobial potential. From retained compounds, Plumieride, Gentisic acid,
Quinic acid, Corchorifatty acid F, and Sphinganine exhibited antimicrobial effects against diverse pathogenic microorganisms. And
some newly formed compounds like 2,4-Di-tert-butylphenol, alpha-Santalal, Amantadine, Mirtazapine, Stilbamidine,
Methoxyeugenol, Citric acid, Sulfuric acid, 2,6-dihydroxybenzoic acid, Hypericin, Trovafloxacin, 3-(4-Hydroxyphenyl) propionic
acid and Chlorogenic acid were also recorded for its potent antimicrobial efficacy. Complete details regarding the antimicrobial
potential of some identified compounds are given in Table 3.

Table 3: Antimicrobial activity of some identified compounds based on literature review

Name of compound Antimicrobial activity Reference

Retained compounds

Plumieride Antibacterial against Staphylococcus aureus [14][15][16]
Bacillus subtilis, Escherichia coli
Antifungal against Candida albicans and plant
pathogenic fungi

Gentisic acid Antifungal activity against Candida albicans [17]
ATCC 10231 and Schizosaccharomyces octosporus

Quinic acid Antibacterial activity against E. coli ATCC 35218, [18]
P. aeruginosa ATCC 10145, P. mirabilis ATCC
7002, K. pneumoniae RSKK 574, A. baumannii
RSKK 02026, S. aureus ATCC 25923, E. faecalis
ATCC 29212, B. subtilis ATCC 6633
Antifungal against C. albicans ATCC 10231 and C.
parapsilosis ATCC 22019

Corchorifatty acid F Antifungal activity [19]
Sphinganine Antibacterial against Staphylococcus aureus [20]
Newly formed compounds

2,4-Di-tert-butylphenol Antibacterial ~ activity against Pseudomonas [21]
aeruginosa and Staphylococcus aureus [22]
Antifungal activity against Aspergillus niger,
Fusarium oxysporum and Penicillium chrysogenum

alpha-Santalal Antibacterial against Staphylococcus aureus, [23]
Pseudomonas aeruginosa, Escherichia coli and
Klebsiella pneumoniae

Amantadine Anti-Influenza A Virus [24]

Mirtazapine Antibacterial against Proteus vulgaris, [25]
Acinetobacter baumannii and Escherichia coli [26]

Stilbamidine Antibacterial activity against Satphylococcus [27]
aureus
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Name of compound Antimicrobial activity Reference

Methoxyeugenol Antibacterial activity against Bacillus subtilis [28]
ATCC 8272 Staphyloccocus aureus 25923,
Pseudomonas aeruginosa 27853 and Escherichia

coli 25922
Citric acid Antibacterial Against Salmonella typhimurium [29]
Sulfuric acid Antibacterial against Salmonella Montevideo, [30]

Salmonella Typhimurium, Salmonella Heidelberg,
Salmonella Enteritidis, and Salmonella Newport

2,6-dihydroxybenzoic acid Antibacterial against E. coli, P. aeruginosa, S. [31]
aureus, B. subtilis, S. enteritidis
Antifungal against C. albicans

Hypericin Antibacterial against Staphylococcus aureus [32]
Trovafloxacin Antibacterial against Staphylococcus aureus [33]
3-(4-Hydroxyphenyl) propionic Antibacterial against Salmonella enterica subsp. [34]
acid enterica serovar Typhimurium and S. enterica
subsp. enterica serovar Infantis
Chlorogenic acid Antibacterial against S. pneumoniae ATCC 49619, [35]
B. subtilis 9372, S. aureus 6538, Shigella [17]
dysenteriae 51302, E. coli ATCC 25922 and [18]

Salmonella Typhimurium 50013

Antifungal activity against Candida albicans
ATCC 10231 and Schizosaccharomyces
octosporus

Above mentioned compound’s HRLCMS-QTOF analysis data showing their molecular formula, retention time, m/z, mass, and
chemical structures are tabulated in Table 4.

Table 4: HRLCMS-QTOF analysis data for the compound having antimicrobial potential

Retention  Mass-to-

Name of compound MgFculay time (Rt) Charge Mass Structure
Formula s
(min) (m/z)
= O\C—s
Plumieride C21H26 012 2.678 515.14 470.1413 /S" “I’c,: ¥
= Q./"—‘-
.
o}
HO
Gentisic acid C7 H6 04 2.771 153.018  154.0249 oM
OH
2]
OH
HO .h :.
Quinic acid C7H12 06 4.108 191.055  192.0621 h oH
HO "/
|
Corchorifatty acid F C18 H32 05 8.676 327.217  328.2246
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Molecular Retention  Mass-to-
Name of compound time (Rt) Charge Mass Structure
Formula .
(min) (m/z)
Sphinganine C18 H39 N O2 10.965 302.3083 301.301 iwvvvx/\f\/!\/
2,4-Di-tert-butylphenol C14 H22 O 1.239 229.1574  206.1681
CH3 o
CH3
alpha-Santalal C15H220 1.246 2411571 218.1678
CH3
Amantadine C10H17 N 2.096 174.1258 151.1365
MNHZ?
Mirtazapine C17 H19 N3 3.673 288.1469 265.1577
Stilbamidine C16 H16 N4 3.764 265.1464 264.1391
Methoxyeugenol C11 H14 03 4.629 195.1039 194.0965
)
HO oH
Citric acid C6 H8 O7 1.29 191.018  192.0247 0
HO
o] OH
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Retention  Mass-to-

Name of compound I\Igolecular time (Rt) Charge Mass Structure
ormula .
(min) (m/z)
0
Sulfuric acid H2 04 S 1.659 96.9586  97.9659 HO—ﬁ—OH
0
UH
2,6-dihydroxybenzoic 7 g o4 3.058 153.018  154.0249 OA}é
HO
Hypericin C30 H16 08 5.323 297.036  504.074 ) %
. C20 H15 F3 :]\/f)/l\
Trovafloxacin N4 O3 5.325 461.108  416.11 f |

o

30
e
o
0H
Q

AT

UH
oH
o
-] Q
B

o
o
o

3-(4-Hydroxyphenyl) g 11903 5509 165.054  166.0614 .
propionic acid
Chlorogenic acid C10 H10 06 3.546 285.06 226.0464 5 )
- ~

4. CONCLUSION

Arista preparation is a biomedical fermentation mediated by microorganisms. This fermented product has been well standardized
since the Sambhita period. Most importantly, it is considered a unique dosage form in Ayurveda as it has several advantages like it
possesses better keeping quality due to self-generation of alcohol by fermentation. In this dosage form, multiple phytochemicals
with therapeutic values are transformed into liquid form to provide a safe, potent, and better administered liquid form. The study
was conducted to determine the changes that occurred due to the fermenting agents on natural plant material. Fermenting
agent Saccharomyces cerevisiae plays an essential role in the fermentation of Panchvalkal Arista. Furthermore, the HR-LCMS
chromatographic data indicates the changes produced in non-fermented Panchvalkal decoction and Panchvalkal Arista. The
comparative data indicated the presence of newly formed compounds in Panchvalkal Arista after the fermentation process.
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