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[ ABSTRACT N

Aim: The study designed to assess the physicochemical properties and bacterial contamination of
various herbal medicinal preparations sourced from Indian local market. Methodology: Standard
procedures were carried out for the evaluation of physicochemical properties and contamination
in finished herbal preparations. Various tests were performed to assess physical and chemicals
properties such as total solid content, alcohol- and water-soluble extractive values, loss of drying,
pH assessment, and moisture level along with microbial contamination. Standard procedures were
carried out to assess the pathogenic bacteria in the herbal preparations. Results: Different test
results such as total solid content, alcohol- and water-soluble extractive values, loss of drying,
pH assessment, and moisture level are found to within the limits as per pharmacopeia standards.
Further, total yeast count and total acrobic viable count are also found to be near the standard values.
No any finished herbal preparation containing pathogenic bacteria. Conclusion: Hence, herbal
preparation shown all physicochemical properties in the limit values of Indian pharmacopocias
further theses herbal medications in Indian local market area are not likely to be contaminated
with potentially pathogenic bacteria (Escherichia coli, Salmonella Typhi, and Staphylococcus aureus).
The quality promises of these finished herbal preparations which are according to pharmacopeia
standards.
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Introduction

The medicinal benefits of herbs have been known for centuries.
The application of herbal drugs for the cure of a good number
of ailments is now a common occurrence in many communities,
most especially among the rural populace."! The occurrence
of infectious and non-infectious diseases among human
population across the world is increasing day by day since many
decades. Malaria, measles, and respiratory infections are the examples
of infectious diseases.” According to the WHO, approximately more
than 50% of the populations using herbal medicine for some aspect

of primary health care in mainly Asia and Africa.l’!
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Avyurvedic, siddha, unani, and amchi systems of
medicine

This system of medicine is indigenous to India. The word “Ayurveda”
encompasses of Sanskrit words, like “Ayu” means “Life” and “Veda”
means “Knowledge ™ This system is a preventive and curative measure
for the well-being of the humankind. As a medical system, it states that
one can obtain knowledge about positive and negative ways of life,
blissful, and depressed types of life, as well as, the very nature of life.”!
Siddha System of Medicine is one of the oldest systems of medicine in
India. Siddha medicine represents the fundamental nature of Ayurveda
(plant extracts), Unani, Acupressure (sensitive points), Reiki (energy
field), etc., in the theories of Siddha medicine.’ Unani System of
Medicine is the mixture of current traditional medicinal system in
Egypt, Syria, Iran, Iraq, China, India, and various other East countries.
According to Unani System of Medicine, management of any disease
depends on diagnosis of disease.” Amchi or Sowa-Rigpa System of

Medicine is an earliest well-renowned traditional medicinal system,

under the identical terms.
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which was accepted inTibet, Mongolia, Nepal, Bhutan, and Himalayan
region of India.”! Folk medicines may well be framed because the
whole development and performance adopted by the common
community so as to spot and restore to health. These medicines play
an important part in the protection of health and therapeutic diseases
in rural or tribal population. Herbs and other remedies were used
to prepare the folk medicines based on traditional beliefs. Thousands
of herbal plants are used to prepare such medicines in India. There
are several bases due to which Indian preferred treatments such as
Allopathy, Siddha, Unani, Amchi, and folk medicine. Theses bases
are least possibility of adverse effects, cheap (cost effective), easy
availability, good acceptability, and curable. In clinical survey, knowing
adverse effects of seasoning herbal drugs are not routine and their
news is even less frequent.”'”! Finished product or mixed product
to that with chemicals outlined active substances is further, as well
as artificial compounds and/or isolated constituents from seasoning
materials, does not seem to be thought-about to be herbal .I'"}

Herbal preparation and its standardization

Although, flavoring commodities became gradually standard all over
the world, one in every of the obstructions in its acceptance is that
the lack of normal internal control profile. The quality of flavoring
medication, that is, the profile of the constituents within the finished
preparation has implications in effectiveness and safety."” Many herbal
preparations are deteriorating to compete in the international market
due to high microbial load, as plant materials are extremely prone to

microbial contamination.!"’!

Indian herbal preparations scenario

Ethical and conventional preparations and home remedies of Ayurveda,
Siddha, and Unani Systems of Medicine are about $1 billion with an
inadequate export of $80 million." The turnover of Indian herbal
products industry is about Rs. 2300 crores as against the turnover of
pharmaceutical industry of Rs. 14,500 crores with a growth rate of
15% per annum. "

Aneesh et al., in the year 2009, studied that India ranks third in
the class of herbal finished products in worldwide market share.!"
Contamination of herbal preparations is defined as, “the undesired
introduction of adulteration of a chemical or microbiological
nature, or of foreign substance, into or onto a starting material,
intermediate product or finished flavored product throughout
production, sampling, packaging or repackaging, storage, or
transport.”'"'The sources of contamination in the herbal medicinal
products are like environmental conditions in which the medicinal
plants are grown or collected, drying and processing conditions
of the herbal medicinal products. The conditions under which the
herbal finished products are stored and transported, unhygienic
use of herbal medicinal products by the patients.!"* Different
contaminants such as pesticides, toxic metals, and microorganisms
may be associated with the herbal preparations. The microorganisms
mainly present in the herbal preparations are Escherichia coli,
Staphylococcus aureus, Salmonella Typhi, Pseudomonas aeruginosa,
ete.!” Hence, variation in the pH during manufacturing of the

herbal finished products may lead to the augmentation of . aureus

in them. §. aureus is an adaptable pathogen, causing a great
numeral of diseases from localized skin and soft-tissue infections
to life-threatening septicemia. S. aureus can also cause blood
stream infections.”” Salmonella infection may be a common
microorganism problem that affects the gastrointestinal tract. The
development of complications can be dodgy, especially in infants,
older people, young children, pregnant women, and transplant
recipients and immunologically weak people.”! Pseudomonas is
an extremely versatile Gram-negative bacterium with an ability of
flourishing in the broad spectrum of environments. Pseudomonas
aeruginosa can cause urinary tract infections, respiratory tract
infections, bacteremia, dermatitis, bone and joint infections, soft-

tissue infections, GI infections, etc.*”

Control of microbial contamination in Herbal
preparations

Most of the herbal preparations in the market today had not gone through
the drug approval process. Most of the commercially available herbal
products do not even comply with the preliminary regulations. The
World Health Assembly, the world’s highest health policy setting agency,
comprised health ministers from 194 member nations —in its resolutions,
WHA 31.33 (1978), WHA 40.33 (1987), and WHA 42.43 (1989)
have stressed the necessity to confirm the standard using fashionable
management techniques and applying appropriate international
standards.”” In India, herbal medicines are ruled by Drugs and Cosmetics
Act, 1940 and Drugs and Cosmetics Act rules of 1945. They govern the
import, manufacturing, distribution, and sale of drugs and cosmetics.”
Herbal remedies and medicinal plants to be incorporated in the modern
system (allopathic) must follow the regulations of Drug Controller
General of India (DCGI).”" Hence, due to all these reasons, regularity
of herbal preparations is crucial to evaluate the superiority of the drug.

Methodology

The study of quantitative and qualitative evaluations of microbes is
intended to carry out the in the experimental samples. It consists of
various tests for fungi and pathogenic bacteria. During experiment,
care must be taken to avoid contamination of samples from outside.
When the samples of test include an activity of antimicrobials or
if it possesses substances with antimicrobial characteristic, such
antimicrobial characteristics have to be removed through filtering,
deactivation, dilution, or neutralization or other suitable mediums.
The investigations have to be performed for samples made by
combining different portion roughly selected from the separate
products or ingredients. When the sample is said to be diluted with
fluid means, the test has to be carried out rapidly. Focus has to be on

the biohazard prevention and efficient quality control.

Sampling of herbal preparations

Various herbal medicine outlets and retail shops are chosen to purchase
different herbal preparation as samples for the current study. Different
herbal preparations include for the evaluation of microorganism
quality such as Bonnisan Drops (Himalaya Herbal Healthcare Limited)
[Figure 1], Naunchal Herbal Gripe Water (Hamdard Laboratories,

Innovations in Pharmaceuticals and Pharmacotherapy | Apr-Jun 2021 | Vol 9 | Issue 2.




Ahmed and Siddiqui

Assessment of microbial in marketed herbal preparations

Figure 1: Bonnisan drop

Figure 3: Sharbat-e-Faulad

India) [Figure 2], Sharbat-e-Faulad (Hamdard Laboratories, India)
[Figure 3], Majun Chobchini (Hakeems Natural Lab) [Figure 4], and
Majun Dabidul Ward (Hamdard Laboratories, India) [Figure 5] which
were taken to assess the microbial contamination.

Figure 4: Majun Chobchini

Figure 5: Majun Dabidul Ward

Evaluation of physical as well as physiochemical
properties of herbal preparations

Physical evaluations were performed and this includes total solid
content, alcohol- and water-soluble extractive values, and alcohol
content which have been analyzed and estimated based on the Indian
Pharmacopoeia method.™

Evaluation of pH of herbal preparations

According to the Norris and Ribbons, various herbal preparations
were analyzed for pH evaluation, and for this method, Hanna
microprocessor machine was used to find out the pH of the herbal
products. The sample is diluted into 100 ml of sterilized distilled
water in a beaker and thus the sample solution of 10% was produced
as a homogenous solution. The pH meter as mentioned above was
used to check it.””

Evaluation of moisture level

For the evaluation of moisture content in herbal preparation, the
halogen moisture analyzer was used. First of all, 1 g of herbal

.Innovations in Pharmaceuticals and Pharmacotherapy | Apr-Jun 2021 | Vol 9 | Issue 2
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preparation was taken in a pan and the machine itself automated the
entire process. It will analyze the moisture content in sample and after

analyzing it gives out reading,lzs]

Evaluation of loss on drying

For evaluation of loss of drying, first of all weigh accurately about
1.5 g of the drug in a tared porcelain dish and further dried at 105°C
in oven to get constant weight and then weighed again after drying.
From the difference in weight, the percentage loss on drying with

reference to the air-dried substance was calculated.?”)

Evaluation of extractive value

For evaluation of extractive value in herbal preparations, first of all
accurately weighed herbal formulation and macerated with hundred ml
of alcohol (95%) for 24 h in an airtight container. The contents were
regularly shaken during the first 6 hand then allowed to remain for 18 h.
After 24 h, the extracts was filtered and filtrate was evaporated; finally,
the extract was dried at 105°C to a constant weight and extractible

value was calculated as % (w/w) with reference to air-dried drug,™”

Evaluation of total solid content

For the evaluation of solid contents, 4 g of herbal preparations were
placed in a previously clean, dry, and weighed evaporating dish. After
placing the sample in evaporating dish, it was weighed again to confirm
the exact weight of the herbal preparation. After proper weighting
of the samples, herbal preparations were evaporated by placing the
evaporating dish on the hot plate. After evaporation of liquid portion
of the preparations, the weight and thus % of the solid contents of

herbal formulation left after complete drying was calculated "

Evaluation of number of total aerobic microbes

For the evaluation of total acrobics, first of all, 10 g of the sample were
suspended in 100 ml of buffered sodium chloride-peptone solution
with pH 7. After mixing with buffer, Polysorbate 80 of 0.1% w/v
was added to support the suspension of poorly wettable substances.
After mixing with Polysorbate 80, about 15 ml of the liquefied casein
soybean digest agar and 1 ml of the preparation were added to two
Petri dishes incubated at 30—35° C for 4 days and kept at not more
than 45°C. Following this, the Petri dishes were monitored, and

colonies count was taken.*”!

Evaluation of yeast and mold (fungus)

For the evaluation of yeast and mold, first take 10 g of the sample which
is further suspended in 100 ml of phosphate buffer with pH 7.2. After
suspension formation, 1 ml of the prepared mixture was then added to
the 15 ml of liquefied potato dextrose agar medium as two partitions in
Petri dishes. This was later incubated for 7 days at 25°C. Following this,

the dishes were then monitored, and count for total colonies was taken.*’!

Evaluation of E. coli

For the evaluation of E. coli, 10 g of herbal preparation was taken in

sterile capped jar and which is further suspended it in a total of 100 ml

of buffered lactose broth through vigorous shaking along with addition
of Polysorbate 80 in 0.1% w/v. After this, the solution was transferred
into a sterile container that can be capped with a screw and added
50 ml of nutrient broth. After shaking, the mixture was incubation
for a total of 1 day at 37°C. Then, the dishes were evaluated for the
availability of acid as well as gas according to established protocol.*"

Evaluation of Salmonella assessment

For the evaluation of Salmonella, 1 g of herbal preparation as sample
was suspended in 100 ml of nutrient broth in a sterile screw capped
container which is further allowed it untouched for a total of 240 min
and after shaking it was incubation at a temperature of 35°C not more
than 37°C for a time period of 1 day. From the improved culture, took
1 mland added it to two cylinders that were already loaded with 10 ml
of selenite F stock as well as Tetrathionate Bile-Brilliant Green broth.
These were kept under incubation at 36°C to a maximum temperature
of 38°C for 2 days. Further sample was cultured in brilliant green agar
as well as in bismuth sulfite agar. After this process, these plates were
kept under incubation at 37°C for 1 day. These plates were kept under

observation for the appearance of pink or black-green colonies.*”

Evaluation of S. aureus assessment

For the evaluation of S. aureus, first of all, 10 g of the herbal preparation
as sample was suspended in 100 ml of nutrient broth and kept
untouched for a period of 240 h and then shaken which is further
incubation at 37°C for 1 day. From this, 1 ml was taken to Soybean-
Casein Digest Media and was assessed for the growth availability.
Part of the medium was then streaked in the plates containing Vogel-
Johnson Agar and Mannitol Salt Agar Medium. These Petri plates were
also kept under incubation at 37°C for 18 h. Appearances of yellow as

well as black colonies identified as Staphylococcus and were assessed. ™

Results

Bonnisan drops

Total solid content in Bonnisan drop was observed it passes as per
Indian Pharmacopeia, 2018 (when examined under suitable conditions
of visibility, are clear and practically free from particles that can be
observed on visual inspection by unaided eye), alcohol- and water-soluble
extractive values were found to be 0.386, pH assessment was found as
6.78 £0.02, total yeast and mold count, the standard value is 103 CFU/
gm and observed value is 102 CFU/gm, total aerobic viable count, the
standard value is 105 CFU/gm and the observed value is 105 CFU/gm,
assessment for E. coli, assessment for S.Typhi, and assessment for S. aureus,
from the above conducted study, it was found that the values for all the
evaluated parameters were normal or wear found significant compared
with the standard values as per Indian Pharmacopoeia [Table 1]. Microbial
growth was indicated in Petri dish [Figure 6].

Naunehal herbal gripe water

Naunehal herbal gripe water passes according to Indian Pharmacopeia
(2018) for total solid content. Assessment of total solid content

was done by visual inspection which further found to be clear and
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practically free from particles, alcohol- and water-soluble extractive
values were found to be 0.287, pH assessment was found as 6.89 *
0.02, total yeast and mold count, the standard value is 103 CFU/gm
and observed value is 102 CFU/gm, total acrobic viable count, the
standard value is 105 CFU/gm and the observed value is 102 CFU/
gm, assessment for E. coli, assessment for S.Typhi, and assessment for
S. aureus, from the above conducted study, it was found that the values
for all the evaluated parameters were normal or wear found significant
compared with the standard values as per Indian Pharmacopocia
[Table 2]. Microbial growth was indicated in Petri dish [Figure 7].

Sharbat-e-faulad

Sharbat-e-Faulad passes according to Indian Pharmacopeia (2018)
for total solid content. Assessment of total solid content was done
by visual inspection which further found to be clear and practically
free from particles, alcohol- and water-soluble extractive values were
found to be 0.325, pH assessment was found as 6.45 £ 0.03, total
yeast and mold count, the standard value is 103 CFU/gm and observed
value is 103 CFU/gm, total acrobic viable count, the standard value is
105 CFU/gm and the observed value is 104 CFU/gm, assessment for
E. coli, assessment for S. Typhi, and assessment for S. aureus, from the
above conducted study, it was found that the values for all the evaluated
parameters were normal or wear found significant compared with
the standard values as per Indian Pharmacopoeia [Table 3]. Microbial
growth was indicated in Petri dish [Figure 8].

Table 1: Microbial analysis of (Bonnisan drop)

Microbial analysis Standard value Observed value

Total solid content As per L.P

Found optimum

Alcohol- and water-soluble extractive values  As per I.P Found optimum

Loss on drying As per L.P Found optimum
pH assessment As per .P Found optimum
Moisture level assessment As per I.P Found optimum
Total yeast and mold count 103 CFU/gm 102 CFU/gm
Total aerobic viable count 105 CFU/gm 105 CFU/gm

Assessment for Escherichia coli Not present Not present

Assessment for Salmonella Typhi Not present Not present

Test for Staphylococcus aureus Not present Not present

Table 2: Microbial analysis of (Naunehal Herbal Gripe water)

Microbial analysis Standard value Observed value

Total solid content As per L.P Found optimum

Alcohol- and water-soluble extractive values  As per I.P Found optimum

Loss on drying As per L.P Found optimum
pH assessment As per L.P Found optimum
Moisture level assessment As per L.P Found optimum
Total yeast and mold count 103 CFU/gm 102 CFU/gm
Total aerobic viable count 105 CFU/gm 102 CFU/gm
Assessment for Escherichia coli Not present Not present

Assessment for Salmonella Typhi Not present Not present

Assessment for Staph/vlococcus aureus Not present Not present

Majun chobchini

Alcohol- and water-soluble extractive values for Majun Chobchini
was found to be 8.1% w/w;, loss on drying observed as 5.95%, pH
assessment was found as 5.40 * 0.03, moisture level assessment
was found as 7.54%, total yeast and mold count, the standard value
is 103 CFU/gm and observed value is 102 CFU/gm, total aerobic
viable count, the standard value is 105 CFU/gm and the observed
value is 105 CFU/gm, assessment for E. coli, assessment for S. Typhi,
and assessment for S. aureus, from the above conducted study, it was
found that the values for all the evaluated parameters were normal
or wear found significant compared with the standard values as per
Indian Pharmacopoeia [Table 4]. Microbial growth was indicated in
Petri dish [Figure 9].

Majun dabidul ward

Alcohol- and water-soluble extractive values for Majun Dabidul Ward
was found to be 8.6% w/w, loss on drying observed as 6.34%, pH
assessment was found as 6.23 + 0.02, moisture level assessment was
found as 7.23%, total yeast and mold count, the standard value is 103
CFU/gm and observed value is 102 CFU/gm, total aerobic viable count,
the standard value is 105 CFU/gm and the observed value is 103 CFU/

Figure 7: Microbial growth analysis of Naunchal Herbal Gripe Water
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gm, assessment for E. coli, assessment for S. Typhi, and assessment for
S. aureus, from the above conducted study, it was found that the values
for all the evaluated parameters were normal or wear found significant
compared with the standard values as per Indian Pharmacopocia
[Table 5]. Microbial growth was indicated in Petri dish [Figure 10].

Discussion

In the powdered herbal preparations, moisture content showed
significant difference with other preparations. As per the IP and

Table 3: Microbial analysis of (Sharbat-e-Faulad)

Microbial analysis

Standard value Observed value

Total solid content As per L.P Found optimum
Alcohol- and water-soluble extractive values As per I.P Found optimum
Loss on drying As per I.P Found optimum
pH assessment As per L.P Found optimum
Moisture level assessment As per L.P Found optimum
Total yeast and mold count 103 CFU/gm 103 CFU/gm
Total acrobic viable count 105 CFU/gm 104 CFU/gm
Assessment for Escherichia coli Not present Not present
Assessment for Salmonella Typhi Not present Not present

Assessment for Staphylococcus aureus

Not present

Not present

Table 4: Microbial analysis of (Majun Chobchini)

Microbial analysis

Standard value Observed value

Total solid content As per L.P Found optimum
Alcohol- and water-soluble extractive values As per I.P Found optimum
Loss on drying As per L.P Found optimum
pH assessment As per L.P Found optimum
Moisture level assessment As per L.P Found optimum
Total yeast and mold count 103 CFU/gm 102 CFU/gm

Total aerobic viable count 105 CFU/gm 105 CFU/gm

Assessment for Escherichia coli
Assessment for Salmonella Typhi

Assessment for Staphylococcus aureus

Not present
Not present

Not present

Not present
Not present

Not present

Table 5: Microbial analysis of (Majun Dabidul Ward)

Microbial analysis

Standard value Observed value

Total solid content As per L.P Found optimum
Alcohol- and water-soluble extractive values As per I.P Found optimum
Loss on drying As per I.P Found optimum
pH assessment As per L.P Found optimum
Moisture level assessment As per L.P Found optimum
Total yeast and mold count 103 CFU/gm 102 CFU/gm
Total aerobic viable count 105 CFU/gm 103 CFU/gm
Assessment for Escherichia coli Not present Not present

Assessment for Salmonella Typhi

Assessment for Staphylococcus aureus

Not present

Not present

Not present

Not present

European agency for the assessment of gerbil finished products,
recommended moisture content should be incorporated in the list
of comprehensive specifications. Below 8%/gm moisture content is
recommended in the herbal finished products according to Food and

Figure 10: Microbial growth analysis of Majun Dabidul Ward
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Drug Administration.”” With same line of research, current study
samples of herbal preparation products shown moisture content
within the limits of standards.

Current study shows that herbal preparations are slightly acidic which
is similar to previous studies. It was already shown in the previous
studies that the stability and less bacterial contamination were shown
in acidic environments whereas neutral and alkaline pH was more

liable to instability of product and higher contamination.*l

According to the previous studies, the limits of bacterial contamination
arc like total acrobic bacteria (10° cfu/g) and Gram-negative
organisms (10’ cfu/g),” and with further in our current study, total
acrobic and Gram-negative organism were found within the limits of
pharmacopoeias. Pathogcnic bacteria (E. coli, S. Typhi, and S. aureus) are
absent in the current study.

Conclusion

In the current study, sampled herbal preparation is assessed for a
variety of parameter and shown total solid content, alcohol- and
water-soluble extractive values, pH assessment, total yeast and mold
count, and total aerobic viable count in a permitted level. Further,
assessment for pathogenic bacteria such as E. coli, S. Typhi, and S. aureus
shown absence. Finally, all herbal preparations were found high quality
when compared with the pharmacopocia standards.

References

1. Amosu AM, Degun AM, Esan EB. Microbial contaminants in the herbal
preparation from green pawpaw fruit. Biomed Res 2014;25:606-11.

2. Shaikh FH, Salunkhe AK, Kadam SS. An outlook towards the microbial quality of
marketed herbal medicinal formulations. Am | Pharmtech Res 2019;9:171-87.

3. Pan SY, Litscher G, Gao SH, Zhou SF, Yu ZL, Chen HQ, et al. Historical
perspective of traditional indigenous medical practices: The current renaissance
and conservation of herbal resources. Evid Based Complement Alternat Med
2014;2014:525340.

4. Sen S, Chakraborty R. Revival, modernization and integration of Indian
traditional herbal medicine in clinical practice: Importance, challenges and
future. ] Tradit Complement Med 2017;7:234-44.

5. Muralidhar S, Karthikeyan P. Ayurvedic tourism in India: Practices and policies.
Asian ] Res Soc Sci Humanit 2016;6:1043-51.

6. Shukla S, Saraf S. Fundamental aspect and basic concept of siddha medicines.
Syst Rev Pharm 2011;2:48.

7. Ahmad H, Sofi GD, Tajuddin DR, Kumar N. Unani system of medicine. Med ]
Islamic World Acad Sci 2010;18:27-30.

8. Gurmet P. Sowa-Rigpa-Himalayan art of healing. Indian ] Tradit Knowl
2004;3:212-8.

9. Sever M. Folk Medicine, Folk Healing, Research Gate; 2015.

10.  Staines SS. Herbal medicines: Adverse effects and drug-herb interactions.
] Malta Coll Pharm Pract 2011;17:38-42.

11. World Health Organization. WHO Guidelines for Assessing Quality of Herbal
Medicines with Reference to Contaminants and Residues. Geneva: World
Health Organization; 2007. p. 5.

12, Ahmad I, Khan MS, Camcotra SS. Quality assessment of herbal drugs
and medicinal plant products. In: Encyclopedia of Analytical Chemistry:
Applications, Theory and Instrumentation; 2006. p. 1-7.

13, Garg N, Gupta PC. Irradiation: A technique for microbial decontamination

14.
15.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

of medicinal plants. In: Microbes in Food and Health. Cham: Springer; 2016.
p- 225-37.

Kamboj VP. Herbal medicine. Curr Sci 2000;78:35-9.

Sharma A, Shanker C, Tyagi LK, Singh M, Rao CV. Herbal medicine for market
potential in India: An overview. Acad ] Plant Sci 2008;1:26-36.

Anecesh TP, Hisham M, Sekhar S, Madhu M, Deepa TV. International market
scenario of traditional Indian herbal drugs-India declining. Int ] Green Pharm
2009;3:184.

Posadzki P, Watson L, Ernst E. Contamination and adulteration of herbal
medicinal products (HMPs): An overview of systematic reviews. Eur ] Clin
Pharmacol 2013;69:295-307.

Bhairam M, Roy A, Bahadur S, Banafar A, Turkane D. Standardization of herbal
medicines-an overview. ] Appl Pharm Res 2013;1:14-21.

Gomes TA, Elias WP, Scaletsky IC, Guth BE, Rodrigues JF, Piazza RM, et al.
Diarrheagenic Escherichia coli. Braz | Microbiol 2016;47 Suppl 1:3-30.

Raho GB, Abouni B. Escherichia coli and Staphylococcus aureus most common
source of infection. In: Méndez-Vilas A, editor. The Battle against Microbial
Pathogens: Basic Science, Technological Advances and Educational Programs.
Badajoz, Spain: Formatex Research Center; 2015.

Crum-Cianflone NE. Salmonellosis and the gastrointestinal tract: More than

just peanut butter. Curr Gastroenterol Rep 2008;10:424-31.

Juhas M. Pscudomonas aeruginosa essentials: An update on investigation of
essential genes. Microbiology 2015;161:2053-60.

Rana KK, Rana S. Review on present status and future of herbal medicine.
Beats Nat Sci 2014;2:1.

World Health Organization. Regulatory Situation of Herbal Medicines:
A Worldwide Review. Geneva: World Health Organization; 1998.

Saharan VA. Current status of regulations for herbal medicines in Europe,
United States and India. ] Nat Conscientia 2011;2:406.

Nainwal P, Singh N. Quality control evaluation of in-house prepared polyherbal
ayurvedic formulation saptavimsatika guggulu. Asian ] Pharm Clin Res
2019;12:317-20.

Abba D, Inabo HI,Yakubu SE, Olonitola OS. Contamination of herbal medicinal
products marketed in Kaduna metropolis with selected pathogenic bacteria.
Afr ] Tradit Complement Altern Med 2008;6:70-7.

Castillo L, Baltodano E, Ramirez N, Vargas R, Hanley G. Design of experiments
assessment for the determination of moisture content in five herbal Raw

materials contained in tea products. Borneo | Pharm 2020;3:1-14.

Thomas L. Loss-On-Drying Mcthod (Lod), News-Medical; 2019. Available
from: https://www.news-medical.net/life-sciences/loss-on-drying-method-
(lod).aspx. [Last accessed on 2021 Feb 24].

Ahmed S, Hasan MM. Standardization of crude drugs: A precise review. World
] Pharm Res 2015;4:157-74.

Al Badi K, Khan SA. Formulation, evaluation and comparison of the herbal
shampoo with the commercial shampoos. Beni-Suef Univ ] Basic Appl Sci
2014;10:301-5.

Noor R, Huda N, Rahman F, Bashar T, Munshi SK. Microbial contamination
in herbal medicines available in Bangladesh. Bangladesh Med Res Counc Bull
2013;39:124-9.

Garbacz M, Malec A, Duda-Saternus S, Suchorab Z, Guz L, kagod G. Methods
for early detection of microbiological infestation of buildings based on gas
sensor technologies. Chemosensors 2020;8:7.

Feng P, Weagant SD, Grant MA, Burkhardt W, Shellfish M, Water B.
BAM:Enumeration of Escherichia coli and the coliform bacteria. In:
Bacteriological Analytical Manual. Research Institute for Gastroenterology and
Liver Diseases; 2002. p. 13-9.

Mohamed A, Aldaw EK, Mohamed A. Assessment of bacterial contamination of
some medicinal plants available in Sudanese local market. IJIPSR 2016;4:1152-61.
Kim HJ, Oh SW. Performance comparison of 5 selective media used to detect
Staphylococcus aureus in foods. Food Sci Biotechnol 2010;19:1097-101.

.Innovations in Pharmaceuticals and Pharmacotherapy | Apr-Jun 2021 | Vol 9 | Issue 2




Ahmed and Siddiqui

Assessment of microbial in marketed herbal preparations

37.

National Agency for Food and Drug Administration and Control. Standard
Operating Procedures (NAFDAC SOP), Author Determination of Moisture
Contents. Yaba, Lagos: Central Drugs and Vaccine Control Laboratory
(CDVCL); 2000. p. 1-2.

38.
39.

Lamikanra A. Essential Microbiology. 2™ ed. Lagos: Amkra Books; 1999. p. 81.
Okunlola A, Adewoyin AB, Odeku AO. Evaluation of pharmaceutical and

microbial qualities of some herbal medicinal products in South Western
Nigeria. Trop ] Pharm Res 2007;6:661-70.

Innovations in Pharmaceuticals and Pharmacotherapy | Apr-Jun 2021 | Vol 9 | Issue 2.




