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Abstract

'.) Check for updates

Microorganisms like fungi, bacteria, and viruses are naturally present in different parts of a plant (root, bark, and leaf) and these become inhabitants of the plant. The
establishment of modern Hazard Analysis and Critical Control Point (HACCP) approaches has therefore been made to evaluate the microbial load in medicinal plants.
During the manufacturing of herbal extracts as drugs, the quality of the herbal extracts is dictated by the level of presence of microbes. In order to make the herbal extracts
HACCP compliant as far as microbial load is concerned; we carried out studies with Glutaraldehyde (GA) as an antimicrobial agent in the manufacturing process in two
randomly selected herbs of Salacia chinensis and Picrorhiza kurroa. The outcome of our analysis revealed that 0.5% of GA treatment to the pulverized raw material of
Salacia chinensis and Picrorhiza kurroa is effective for reduction of > 99.99% microbial load with minimal effect on the percentage yield of extracts (10% - 20%) and their
bioactive molecules Salacinol and Picroside 1&Il as seen by LC-MS and HPLC analysis, respectively. Furthermore, in this article, we demonstrate the use of sodium bisulfite

for the removal of the residual GA in the extract to make the process eco-friendly and environment-safe.

Abbreviations

SC: Salacia chinensis; PK: Picrorhiza kurroa; GA:
Glutaraldehyde (PubChem CID-3485); HACCP: Hazard Analysis
and Critical Control Point; SB: Sodium Bisulfite (PubChem CID-
23665763); HPLC: High-Performance Liquid Chromatography;
LC-MS: Liquid Chromatography-Mass Spectrometry; DNPH:
2,4-Dinitrophenylhydrazine (PubChem CID-3772977); SCDA:
Soya Casein Digest Agar; ESI: Electron Spray Ionization; CID:
Collision-Induced Dissociation Energy

Introduction

In recent times, the use of herbal medicines has gained
momentum due to the resistance of microbes to overly-used
antibiotics and their side effects [1,2] The herbal plant parts
or raw materials that are used for manufacturing herbal

medicines often get contaminated with airborne bacterial
and fungal pathogens while handling and processing, and
thus manufacturing units need to check for such kinds of
contaminations [3-6]. Consumption of such herbal medicines
is lethal to human health [7]. The microbial contamination
in the herbal extracts ranges from 103 to 106 cfu/gm as
reported previously [8]. Thus it is essential to combat the
microbial load from the raw material prior to further process
of manufacturing and should be an integral part of the process
while manufacturing of herbal medicines or supplements [9-
11].

Salacia chinensis (SC), a widely distributed plant in Asian
territories is used as a herbal medicine for various diseases
such as menstrual disorders, antitussive, sedative agent, anti-
cancer, hepatic diseases, skin diseases, diabetes, hepatitis, and
arthritis [12-15]. Salacinol, a polyphenol present in the root
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bark of SC is one of the active compounds used as a traditional
medicine to treat diabetes and is known to exhibit strong
inhibitory activities on several o-glucosidases, according to the
Indian system of medicine (ISM) [16,17]. Because of its various
medicinal applications, SC was used in the present study
[18]. Picrorhiza kurroa (PK), is a perennial herb found in the
Himalayan province of Nepal; known to have therapeutic uses
against jaundice, leukoderma, fever, anti-inflammatory, and
urinary-related diseases and used since ancient times as per the
ISM [19,20] The key glycoside ‘Kutkin’, which is a combination
of Picroside-I and II, has a significant hepatoprotective effect
[21]. As it is a commonly used plant extract for various ailments,
it was selected for this study.

Glutaraldehyde (GA) is a water-soluble organic compound
consisting of a di-aldehyde that functions as a broad-spectrum
disinfectant with properties like low corrosion, low toxicity,
high efficiency, and high stability [22-24]. GA is widely used
for cold sterilization of medical equipment, as an aseptic
agent, and for processing aids in the food industry [24-26]
GA is shown to possess bactericidal activity against a range of
pathogenic bacteria [23]. Based on these applications, GA was
selected in the present study for the elimination of microbial
contamination from Pulverized Raw Material (PRM) prepared
using plant parts [27].

In the current study, Pulverized Raw Materials (PRM) of
SC and PK were prepared from their plant parts like roots and
rhizomes respectively by using plain water as an extracting
solvent. However, these plant parts harbor high levels of
microbial contamination as mentioned earlier which may be
one of the constituents present in the final end product, posing
a threat to human health. Hence, a potential novel thought
process was conceptualized to decrease the microbial load in
the PRM by treatment with GA. To determine the effectiveness
of GA treatment, percentage yield was estimated and the quality
of the extract post-treatment was determined using HPLC
analysis. The predominant bacteria contaminating SC and PK
PRM was isolated and the Minimum Inhibitory Concentration
(MIC) of GA was determined against these bacterial isolates
to understand the efficiency of GA as an antimicrobial agent.
The bacterial load in the PRM was determined pre and post-
GA treatment by percentage inhibition assay using the agar
plate method and inhibition was also corroborated using the
Soleris® system. To validate that the GA treatment does not
affect the biological active components in the extract; the
bioactive contents in both the extracts were measured before
and after GA treatment. To ensure the elimination of residual
GA in the final end product, Sodium Bisulfite (SB) was used to
remove or make GA inactive as reported earlier [28]. Reduction
in GA content by SB was demonstrated through HPLC analysis,
thus providing a safe and cost-effective method.

Materials and methods

Soleris® Instrument, Lansing, USA, was used for
determining the inhibition of bacteria by GA from SC and PK
PRM. A rotary evaporator (Buchi, USA) was used to concentrate
and get the extract in dried form. LC-MS/MS (Agilent
Technologies 6460 triple quadrupole system, U.S) was used for

https://www.biolscigroup.us/journals/open-journal-of-bacteriology a

estimation of bioactive Salacinol from SC extract, HPLC system
(Waters 2998 Photodiode Array Detector; e2695 Separations
Module; Chromeleon™ Chromatography Data System, USA)
was used to determine bioactive from PK and to determine
residual GA pre and post-treatment with SB, Microplate Reader
(Multiskan Skyhigh, ThermoFisher Scientific, USA) was used to
measure Optical Density (OD) of MIC assay.

Chemicals and reagents

2,4-Dinitrophenylhydrazine (DNPH) was procured from
Sigma Aldrich (USA), Glutaraldehyde solution (AR Grade,
50%) from Tokyo Chemical Industry Co. Ltd. (Japan), ortho-
Phosphoric acid (85%) from Aladdin (Shanghai, China),
Soyabean Casein Digest Broth (SCDB) and Soyabean casein
digest agar (SCDA) from TM Media (Delhi, India), Picroside I,
and Picroside II standard compounds from Natural remedies
(Bangalore, India), Sodium Bisulfite A.R Grade from Rankem,
India and NF-TVC vials specific for Soleris® Instrument
were procured from Neogen, Lansing, USA. All chemicals and
solvents used were of analytical and HPLC grade.

Source of plant material, collection, pulverization, and
extraction

The commercial plant parts of SC and PK were collected
from the production unit of SAVA Healthcare, Malur, and
Karnataka, India. The SC roots and PK rhizomes were dried
and pulverized to a semi-powdered form. About 50 g of this
pulverized powder was added to 250 mL (1:5 ratios) of the
extraction solvent (water) and then soaked with continuous
stirring for 3 h with the following 3 consecutive extractions.
The filtrates were pooled, and concentrated with a rotary
evaporator to obtain dry powder (extract) which was stored
and used for further analysis. In another set, 0.5% GA was used
to treat the raw material of SC and PK by soaking for 1 h at
room temperature which was then filtered. Further, the same
extraction procedure as mentioned above was followed for both
plants with 3 consecutive extractions. The PRM without and
with GA treated were stored separately for further use [29-31].

Bacterial cultures and their maintenance

Predominant bacterial contaminant from the PRM of SC
and PK was isolated using the streak plate method to obtain a
pure culture. Culture isolates from SC and PK PRM were termed
SC and PK isolates, respectively. The isolated cultures were
characterized based on their morphology and gram character.
They were maintained on SCDA plates and slants at 2-8°C until
further use in the study. Freshly grown bacterial culture 6-24
h in SCDB was used for all the microbial assays.

MIC of GA

MIC was performed by the micro broth dilution method. A
stock solution of GA (16%, v/v in water) was prepared. A pre-
inoculum of SC and PK isolate was set up in SCDB medium at
37 °C for 6 h. 100 pL of sterile medium was added to all the
wells in a 96-well plate. To the 1st wells in a row A1, B1, and
C1, 100 pL of the GA stock solution was added. The GA stock
was serially diluted by performing two-fold dilutions from the
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1st to the 10th well performed in triplicate. 100 pL inoculum
bacterial isolate was added to all wells, except for medium
control wells in the 12th column. The plates were incubated at
37 °C overnight on a shaker at 100 rpm [31,32].

Percentage inhibition of microbial load by GA from SC
and PK using agar plate method

About 0.5 gm of GA-treated and untreated PRM of SC
and PK were weighed and dissolved in 4.5 mL sterile saline
to form a homogenous solution using a vortex mixer. For the
microbial analysis of PRM, serial 10-fold dilutions of 10-1,
10-2, 10-3, 10-4, and 10-5 were prepared using sterile water
respectively. About 0.1 mL suspension from each dilution was
spread on the SCDA medium. Medium control and diluent
control (0.1mL sterile water used for performing dilutions)
were kept as controls. The plates were incubated at 37 °C for
24 h. The percentage inhibition of bacteria in SC and PK PRM
by glutaraldehyde was determined based on the log reduction
of bacteria [33,34].

Inhibition of bacteria in SC and PK PRM by GA using So-
leris® instrument

The elimination of microbial load from the PRM was
validated by the use of the Soleris® instrument. Soleris® is a
photodiode-based optical detection system with a temperature-
controlled incubator, which enables the detection of the
growth of microorganisms in selected growth media, with
supplements [35]. SC and PK PRM were prepared as mentioned
for percentage inhibition of microbial load by GA and 1ml stock
of each dilution from 10-1 to 10-5 were aseptically added to the
NF-TVC vials and results were obtained in the form of graphs
generated from the instrument-specific software.

Estimation of bioactive components from SC and PK ex-
tract

LC-MS/MS analysis for estimation of Salacinol from SC
extract: The SC extract was analyzed to identify and estimate
the bioactive component Salacinol by LC-MS/MS as described
earlier [36]. The detection was carried out by using a positive-
mode Electron Spray Ionization (ESI) probe mode. The sample
flow rate was set at 0.3 mL/min, and the column temperature
was maintained at 30 °C. Depending on the kind of parent
molecule ion, the mass distribution was set between 50 to 1000
m/z, and the Collision-Induced Dissociation energy (CID) was
controlled within the range of 1 to 30. The MS parameters of
Salacinol were optimized to confirm the optimal ionization,
and ion transfer conditions, which attained the optimal signal
of both the precursor and fragment ions. The source parameters
were identical for all injections [37].

HPLC analysis of bioactives from PK extract: The bioactive
molecule in PK extract was estimated by HPLC analysis.
Briefly, 100 mg of dried PK extract was dissolved in 100 mL of
methanol. Then, chromatographic fractionation was performed
by using a BDS Hypersil C-18 column (150 X 4.6 mm X 5 m or
equivalent). The Chromeleon software (version 7.2) was used
to control the instrument and analyze the spectral data. About
20 L of prepared PK PRM and the standards (Picroside I and
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II) were injected. The flow rate was set to 1mL/min and the
detection of the eluted peaks was done at 255nm [38].

Estimation of GA concentration in the extracts post 0.5%
GA treatment

Preparation of glutaraldehyde standard and DNPH solution:
The standard 50% glutaraldehyde solution (GA; 250 pL) was
diluted using 100 mL of acetonitrile. Then to 50 pL of this GA
solution, the DNPH solution (1, 2, 4 mL) was added. Acetonitrile
(g.s. 5 mL) was then added to it, and the samples were shaken
vigorously to mix well. For the preparation of the DNPH
solution, 50 mg of DNPH; and 0.25 mL of 85% phosphoric
acid were added and the volume was adjusted to 50 mL using
acetonitrile. The sample was mixed properly until it dissolved
[28]. For the HPLC analysis, 20 nL of each solution was injected.

SC and PK extract preparation and HPLC analysis to estimate
residual GA: Herbal extracts of SC and PK were processed
for HPLC analysis to estimate the residual glutaraldehyde
concentration. Briefly, 100 mg of dried extract (SC and PK)
was dissolved in 100 mL of methanol and mixed using a vortex
mixer with sonication for 15 mins. After sonication, each of
the samples was filtered using a 0.45-micron membrane filter
(Himedia, India). The chromatographical fraction was done
using the BDS Hypersil C-18 column (150 X 4.6 mm X 5um or
equivalent). The instrument data analysis was performed by
Chromeleon software (version 7.2). About 20 pL of the sample
extract and the standards were injected. The flow rate was set
to 1mL/min and detection was performed at 255 nm. Injections
were performed in triplicate [28].

Estimation of residual GA from extracts after sodium bi-
sulfite treatment using HPLC

Herbal extracts (GA treated; 10 mg) of SC and PK were
dissolved in acetonitrile and then 2.2-fold (as per test sample
in weight) sodium bisulfite was added to the reaction mixture.
Further, the solution was mixed vigorously for 15 minutes
followed by sonication. Then the same DNPH derivatization
method was followed for HPLC analysis as mentioned above
[28].

Results

Effect of GA treatment on the percentage yield of the
extracts

The results indicate that there was minimal reduction in
the yield of SC and PK extracts of 10% - 20% due to GA

Treatment as presented (Table 1) It can be seen that
glutaraldehyde does not affect the extract yield to a great extent
as only a 10% - 20% loss in yield is obtained. The process can
be optimized further to reduce the losses during glutaraldehyde
treatment and increase recovery.

Type of bacteria isolated from the extracts

The SC and PK PRM before treatment with GA were tested
to determine the microbial load present. The predominant
bacteria present in the sample were isolated and termed SC
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Table 1: Percentage vyield of Salacia chinensis (SC) and Picrorhiza kurroa (PK)
extracts treated with and without glutaraldehyde (GA).
Percentage of yield (%) in gm.

Treatment type . . . . A
Salacia chinensis (SC) Picrorhiza kurroa (PK)
Without Glutaraldehyde 5.6 6.5
With 0.5% Glutaraldehyde 4.5 5.9

isolate and PK isolate respectively. The SC isolate showed
a circular, cream-colored opaque colony with an irregular
margin on the SCDA medium and was aerobic gram-positive
bacilli. The PK isolate showed a circular, white-colored opaque
colony with an irregular margin on the SCDA medium and was
aerobic gram-positive bacilli. Both the cultures were found to
be non-pathogenic.

Percentage inhibition of microbial load from the extract
by GA treatment

In the current study, in order to reduce the microbial load,
we have used the GA as an antimicrobial agent during the
extraction of SC and PK. We found that 0.5% glutaraldehyde
effectively eliminated the microbial load present in SC and PK
reflecting > 99.99% bacterial reduction in the treated extracts.
(Table 2) [33]. The results indicate that GA is an efficient
antimicrobial agent capable of inhibiting > 99.99% of bacteria
from the extract, thus treatment with an antimicrobial agent
like GA can be incorporated in the process for making plant
extracts contamination-free and safe for use.

MIC of GA against SC and PK isolates

To determine whether GA is capable of inhibiting bacterial
isolates, an MIC was performed as a preliminary assay to
determine the efficiency of GA as an antimicrobial agent and to
determine the minimum effective concentration of GA at which
it shows inhibition for use in the treatment of the extracts.
Based on the MIC concentrations as shown here (Table 3),
the concentration of GA for the treatment of extracts was
determined to be 0.5%.

Inhibition of bacteria in SC and PK extract by GA using
Soleris® instrument

Additionally, to validate the microbial data, we analyzed
the SC and PK extracts on the Soleris® system. Soleris®
system is a sensitive instrument that can detect the growth of
bacteria. The outcome of the Soleris® graph clearly indicates
that glutaraldehyde treatment is effective in the removal of
microbial load from the extract as depicted in Figure 1 Each of
the colored lines in Figure 1a,1b, black, blue, purple, red and
orange represents extract dilution as 10-1, 10-2, 10-3, 10-4 and
10-5 of the SC extract. The curved lines trending upwards in the
untreated extract Figure 1a indicate bacterial growth measured
in terms of optical density based on its detection time, the
highest microbial load is observed in the lower dilution of 10-1
and the least microbial load in the dilution of 10-5 and flattened
lines in the Figure 1b indicates the absence or no detectable live
cells for GA treated extracts. The instrument is sensitive to the
detection of live cells in the vials. Each of the colored lines in
Figures 1c,1d, black, blue, red, orange, and purple represents
extract dilution as 10-1, 10-2, 10-3, 10-4, and 10-5 of the PK
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extract and interpretation is same as mentioned above for SC
extract.

Estimation of bioactive’s — Salacinol in SC extract by
LC-MS/MS and Picroside | and Il in PK extract by HPLC
analysis

In the current study, we performed LC-MS/MS analysis
to quantify the Salacinol content of SC extract with water
as solvent and water containing GA. Salacinol content was

Table 2: Percentage inhibition of bacteria after treatment with 0.5 % Glutaraldehyde.

Reduction in the bacterial count after treatment with 0.5% glutaraldehyde

*Pre-treatment Post-treatment P " Inhibiti
ercentage Inhibition

Extract bacterial count bacterial count X
of bacteria (%)
(cfu/g) (cfu/g)

Salacia .

i i 7.5%x10* Nil 99.99
chinensis (SC)

Picrorhiza X

53x%x10° Nil 99.99
kurroa (PK)

*The assay was performed in triplicate. Values presented here are the average of
three results.

Table 3: Minimum Inhibitory Concentration of glutaraldehyde against bacteria
isolated from SC and PK extract.
Minimum inhibitory concentration (MIC)* of glutaraldehyde against SC and PK

isolate.

Compound under test Salacia chenensis isolate Picrorhiza kurroa isolate

Glutaraldehyde (GA) 0.6 ug/mL 1.2 pg/mL

*MIC value indicated here is an average of triplicate readings of GA performed by
micro broth dilution method in a 96well plate.

Optea Ut

Figure 1a: Soleris’ system generated plot of Salacia chinensis pulverized raw
material before GA treatment with dilutions black line - 107, blue line - 10%, purple
line - 1073, red line - 10* orange line - 10°.

TE L
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Figure 1b: Soleris system generated plot of Salacia chinensis pulverized raw
material after GA treatment with dilutions black line - 107, blue line - 10?, purple line
-107% red line - 10* orange line - 10°.
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Table 4: Estimation of Bioactives from Salacia chinensis and Picrorhiza kurroa
extracts.

e oo <froet e
clearly indicated that the GA treatment did not affect the

Picroside | and Picroside

determined to be 0.489 and 0.456 % in the extract with and

i is. bi ive’ Salacinol content in Salaci

Salacinol content (Table 4). As per HPLC analysis, bioactive’s Sample type aac'h@ con (esncl'n o/a)aC'a Ilin Picrorhiza kurroa (PK;
from PK extract, Picroside-I, and Picroside-II showed chinensis (5&;1n 7o in %)
retention times of 7.57 and 3.49 min, respectively, similar to Without Glutaraldehyde 0.489 11.69

the standards (Figure 2 and Table 4). It can be clearly seen that
the content of both Picroside-I and Picroside-II did not vary
after the treatment with 0.5% GA.

With Glutaraldehyde 0.5% 0.456 11.54

Estimation of residual glutaraldehyde in SC and PK ex-
tract post-treatment with SB

The residual GA in the extracts of SC and PK was estimated
using the standard HPLC method; it was observed that trace
quantities of GA were absorbed by the SC and PK extracts during
the extraction process which can be seen in the chromatogram
(Figures 3,4). The area and percentage of the chromatogram
clearly depicts that some amount of GA was present in the
extracts; however, it was not significantly high. Further
to make the extracts free of residual GA, we added SB and
interestingly the concentration of GA decreased significantly
[28]. In order to validate the removal of GA by SB, solutions of
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m Figure 3: HPLC chromatogram of Salacia chinensis treated with Glutaraldehyde (a)
and inactivation of Glutaraldehyde by sodium bisulfite (b).

0.5% glutaraldehyde were reacted with a 2.2-fold SB, and the
subsequent reaction mixture was analyzed by using HPLC. The
chromatogram in Figure 3 and 4 reflects the size of the GA-
DNPH peak expected at a low concentration of GA remaining in

Figure 1d: Soleris’ system generated plot of Picrorhiza kurroa pulverized raw
material before GA treatment with dilutions black line - 107, blue line - 10? red line -
1073, orange-red line - 10* purple line - 10°.
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Figure 4: HPLC chromatogram of Picrorhiza kurroa treated with Glutaraldehyde (a)
and inactivation of Glutaraldehyde by sodium bisulfite (b).

the solution (< 100 ppm). Based on the chromatogram peak of
SC and PK shown in Figure 3 and 4, no detectable GA is observed
after the reaction with a 2.2-fold of SB for 15 min, signifying
that SB completely inactivated the GA with the reduction of
98.45 % and 99.96 %, respectively [28].

HPLC analysis provides proof, that residual GA can be
removed from the extract by using SB thereby, making the
extract eco-friendly, safe, and compliant with the regulatory
requirements.

Discussion

The plant parts used as raw materials for the production of
pharmaceutical applications are often infested with fungi that
produce mycotoxins and bacteria that produce aflatoxin making
it unsafe for use [39]. Due to the collection of plant material
from different geographical locations variation is observed in
raw material with respect to quality as well as contamination.
Thus a standard method needs to be established for the
evaluation of the quality of raw material to maintain the quality
of pharmaceutical products and increase its efficiency [40,41].
To maintain quality and manufacture standardized herbal
products good manufacturing practices need to be followed
stringently as reported previously [42,43]. The current study
was focused on the development of a safe, simple, and cost-
effective method for the removal of microbial contaminants
from the PRM or herbal extracts without impacting the natural
bioactive agents present in the PRM or extract. The microbial
count inherited in the SC and PK PRM was found in the range
of 104 and 103 cfu/g as presented in the results, respectively.
The bacteria predominantly present in the SC and PK PRM were
isolated for use in the study. The isolated bacterial strains from
SC and PK PRM, termed SC isolate and PK isolate respectively
were used for determining the MIC of the antimicrobial agent
to be used for the study. Various cold sterilization methods like
gamma irradiation or antimicrobial agents like GA are often
used for sterilization to reduce the microbial load in herbal
raw materials. Methods like gamma irradiation can be used
but it is not effective in the elimination of microbial cells like
Staphylococcus epidermidis and Escherichia coli as reported in
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a study [44]). GA on the other hand is proven to be effective
in the control of biofilms produced by micro-organisms such
as Bacillus cereus and Pseudomonas fluorescens [45]. Thus,
to eliminate the microbial contamination from the PRM,
Glutaraldehyde was selected as an antimicrobial agent due
to its applications in various allied fields. As reported earlier,
GA is effective as disinfection at a concentration of 0.5% as
reported earlier [30], and depending on the MIC of GA obtained
for the isolates in our hands, GA at 0.5% final concentration
was used for treatment of the PRM to ensure complete removal
of microbial contamination (> 99.99%) as proved by microbial
analysis using agar method as well as Soleris® system.

To determine that the GA treatment method did not affect
the bioactives from the PRM and the extract; the bioactives
namely Salacinol from SC and Picroside I and II from PK were
estimated before and after the GA treatment. The analysis
result of the PRM or extracts showed that before and after
GA treatment content of the bioactives is equivalent, proving
the GA treatment method is safe for use in the manufacturing
processes. The extracts after GA treatment will be used for
manufacturing medicines, health supplements, or food
additives, the end route being human consumption. To ensure
the safety of these extracts for human consumption, the
extracts after the GA treatment were analyzed using HPLC
to determine any residual GA in the extracts. HPLC analysis
showed the presence of traces of Glutaraldehyde in the extracts
as it may be absorbed by the extracts to a small extent during
treatment. Efforts were made to remove this residual GA using
SB as demonstrated previously [28]. It is purported that GA
is inactivated using SB by forming a complex with it. HPLC
analysis after inactivation of the residual GA in the extract
by SB demonstrates the complete inactivation of GA thereby,
ascertaining the safety of the extracts for use and making it
compliant with HACCP regulations.

A simple, cost-effective, and safe method as unveiled in
this study can be implemented as a routine for the exclusion of
micro-organisms in the PRM or herbal extracts. However, the
proportion of GA required for treatment of the PRM or extracts
may vary depending on the inherent nature of the plant material
or extract. With regulatory requirements like HACCP in place,
the raw materials for making products for human consumption
should meet compliance. Also if products are prepared from raw
materials like herbal extracts people are always cautious about
the content and safety before consumption. If such methods
are instigated upon preparation of extracts then consumers are
ensured that the products are safe for consumption.

Conclusion

Microbial contamination in the plant raw materials
deteriorates the quality of extracts used for manufacturing
Ayurveda medicines. Antimicrobial agents like GA can be
employed for the removal of such microbial contamination
from plant raw materials as well as extracts. To the best of
our knowledge, this is the first report on the use of GA in
reducing microbial load on plant-based raw materials. It
is an economically viable and safe solution as GA does not
disrupt the inherent nature and bioactive contents of the plant
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material. The use of GA may be further explored to make the
products HACCP compliant and improve the quality of Ayurveda
medicines making them safe for consumption.
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