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ABSTRACT

This study aimed to treat the pathogenic activity of salmonella by plant
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BRSOV ipreazes Rl causes various types of infections. Many plants have antimicrobial
activities that can be used against the microbes. Salmonella was
isolated from the sewage water and identified by different

morphological and biochemical tests- Gram staining, sugar

fermentation, catalase, MR, motility etc. Six plant samples Cardamom
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Anuradha (Zingiber officinale), Onion (Allium sepa), Turmeric (Curcuma longa)
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201301, resist it. The mean value of the Zone of inhibition seen was Ginger-

antimicrobial activity against Salmonella. An antimicrobial

susceptibility test was applied to see which plants were hyperactive to

17.75mm, Onion-17.5mm, Cardamom-17mm, Turmeric-9mm, Tulsi-
7mm and Clove-Omm respectively. The highest antimicrobial potential was observed for
ginger and the lowest was for Tulsi. So Ginger, Cardamom and Onion can be used in the

future to cure Salmonella infections.

KEYWORDS: Antimicrobial susceptibility, Plant extract, EMB, Biochemical test,
Antibiotics.

INTRODUCTION

The World’s leading cause of bacterial foodborne illness salmonella remains in first place.

salmonella infection is causing an economic burden on both industrialized and
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underdeveloped countries through the costs associated with surveillance, prevention and

treatment of the disease.

It continues to be a significant global public health issue.lY) Salmonella, characterized as a
rod-shaped, gram-negative facultative anaerobe, is a member of the Enterobacteriaceae
family. around 2600 (within the genus Salmonella) serotypes have been identified with the
use of the standard Kauffman — White scheme and most of these serotypes can adapt within a
variety of animal hosts, including humans. most frequently isolated foodborne pathogens are
salmonella and campylobacter, and are predominantly found in poultry, eggs and dairy
products. Other food sources that are involved in the transmission of salmonella include fresh
fruits and vegetables in general, food animals such as swine, poultry and cattle are the prime
sources of salmonella infection.”” In 1855 Theobald Smith first discovered and isolated
salmonella from a pig’s intestine that was infected with classical swine fever. On the name of
Dr Daniel Almer Salmon, an American pathologist who worked with Smith the bacterial
strain was named. The nomenclature of salmonella is controversial and still evolving.
Currently, the nomenclature is used as recommended by the WHO (World Health

Organisation) collaborating center.!®!

Salmonella causes different infectious diseases in humans and also in other animals. Many
antibiotics and their chemical expressions are used to fight against them. distinct plants and
their extracts are used against the harmful bacterial activity of salmonella. These plants have
a history of healing treasures (medicinal value).[! The antimicrobial activity of plants is
researched by many researchers in the world, particularly in Latin America. A study tested

122 known plants utilized for cure in Argentina.l®!

Despite having generated a plethora of novel antibiotics over the past three decades, bacteria
resistance to these medications has surged. Generally, bacteria possess the genetic capability
to both transmit and acquire drug resistance, especially concerning therapeutic agents. This is
a cause for alarm, particularly with a significant number of immunocompromised patients in
hospitals and the emergence of multi-resistant bacterial strains. As a result, hospitals may
experience new infections leading to increased mortality rates.!” Plants have served as a
valuable reservoir of natural substances for promoting human well-being over an extended
period. This significance has been particularly emphasized in the past decade, marked by
intensified investigations into natural therapies. The utilization of plant-derived compounds

for pharmaceutical applications has seen a gradual rise in Brazil. According to the World
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Health Organization,’® medicinal plants are considered a prime source for a diverse range of
drugs. Notably, approximately 80% of individuals in developed nations resort to traditional
medicine, which often incorporates compounds sourced from medicinal plants. As a result, it
IS imperative to delve into the comprehensive exploration of these plants to gain a deeper
understanding of their properties, safety, and efficacy.!”» The utilization of plant extracts and
phytochemicals, both possessing well-documented antimicrobial properties, holds
considerable significance in therapeutic applications. In recent years, numerous studies
conducted in various countries have aimed to substantiate this efficacy.l*>*® Many plants
have been selected for their antimicrobial attributes, stemming from compounds synthesized
in the secondary metabolism of these plants. These active substances include phenolic

compounds found in essential oils.*”? and tannins.!*®!

A list of selected plants, chemical constituents present, and parts used to extract are (table No.

1) mentioned below.

Table 1: Phytochemicals of Plant Samples.

S.No. | Plant Plant part | Chemical constituents References
1 Cardamom (Elettaria Eruit Phenolic acids, Flavonoids, [19,20]
Cardamomum) Antioxidants, Monoterpenes
5 Glpg_er (Zingiber Rhizome Terpenes, Phenolic [21]
officinale) compounds
Tulsi Eugenol, Carvacrol, [22]
3 (Ocimum tenuiflorum) Leaves Flavonoids
: : Flavanols, Organosulphur, 23]
4 | Onion (Allium sepa) Bulb Polyphenols, Ascorbic acids
5 | Turmeric (Curcuma longa) Rhizome Polyphen_oll_c compounds [24]
powder (Curcuminoids)
5 Clove (_Syzyglum Dried buds E_ugen_ol, eugeno_l acetate, [25]
aromaticum) limonin, flavonoids, Thymol

MATERIALS AND METHODS

Chemicals and Reagents

Peptone, Agar, Sodium chloride, Hydrogen peroxide, Methyl red, Phenol red, Yeast, Sucrose,
Dextrose, D- mannitol, Urea, Lactose, Kovac’s reagent, Potassium dihydrogen phosphate,

Eosin, Dipotassium phosphate, Methylene blue, Saffranine, Crystal violet, Ethanol, Tryptone.

Apparatus
Autoclave, Laminar air flow, Incubator, Vortex, Test tubes, Spreader, Inoculating loop, Sprit

lamp, Eppendorfs, Refrigerator.
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Isolation and ldentification of Salmonella

Sample collection

The sample was collected from the nearby sewage of our lab (Sector 10-Noida, UP, India)
during September Month. It contains wastewater from houses and roads.

Bacteria is confirmed by the colonial appearance on the EMB plate and following
biochemical tests.

Isolation
The collected sample was spread over an EMB plate. After incubation of 24 hours at 37°C

various colonies appeared and then bacteria were inoculated in nutrient broth.

Identification
Identification of bacteria was done by biochemical tests, Explained below.

Biochemical tests

Gram staining- A smear for every isolated bacterium was prepared on a clean glass slide by
heat fixing. Crystal violet was poured for 1 minute on it and cleaned with water. The smear
was flooded with iodine solution. To decolorize it was washed with 95% ethanol and cleaned

with water. After drying the glass slide under the microscope, we look for the bacteria.!®!

Catalase test- 3% hydrogen peroxide was dropped 20 pL on a clean glass slide and 20 uL
bacterial broth was added to it. Observation of air bubble formation persisted for 40-50

seconds.®

Motility and Flagellate test- The assessment of motility involved employing the hanging
drop technique to categorize the isolates as either motile or non-motile species. Initially, a
minute droplet of MRS broth containing a specific isolate was deposited at the center of a
sanitized cover glass. Following this, a concave depression slide was affixed to the cover
glass using Vaseline, with the slide's recess facing downward onto the broth droplet.
Subsequently, the inverted slide was examined in duplicate under the microscope at 40X and
100X respectively.?®

Urease Test- The urease test aids in the recognition of microorganisms possessing the
capability to produce the urease enzyme, which falls under the amidohydrolases and

phosphodoesterases superfamilies. Urease facilitates the hydrolysis of urea into NH3 and
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carbon dioxide. This enzymatic activity results in a shift in the medium'’s pH to alkaline, with
a concomitant color change to pink at pH 8.1, indicating positive results. The test serves as a
means to identify Helicobacter pylori, a urease-positive bacterium. To conduct the test,
mucosa from an infected stomach or bacterial colonies are placed in urea broth. A positive

result is indicated by a change in color within 30 minutes.!”!

H,S Test- Bacteria with sulfur-reducing compounds exhibit the property of hydrogen sulfide
(H2S) production. The detection of hydrogen sulfide production involved inserting a single
colony from each isolate into Triple Sugar Iron Agar (TSI) slants (HiMedia, M0211),
prepared under the manufacturer's instructions. The slants were then incubated at 37 °C for
24 hours in duplicate, with a non-inoculated tube serving as the negative control. A positive

reaction was evidenced by the emergence of a black coloration.!

Citrate (CAU) Test- This test is valuable for identifying microorganisms with the capacity to
utilize citrate as an energy source. Citrate agar is employed, which includes citrate and
inorganic ammonium as carbon and nitrogen sources, respectively. The CAU test assists in
identifying microorganisms that produce the enzyme citrate permease, converting citrate into
pyruvate, subsequently entering the organism's metabolic cycle, leading to energy production
and visible growth on the culture medium. As the microorganism utilizes citrate, the
conversion of ammonium salts generates NH3, causing an increase in the medium's pH. This
pH change is reflected in the colour shift of bromothymol blue from green to blue when the
pH exceeds 7.6. Bromothymol blue serves as an indicator in the CAU test.*®!

Methyl Red Test- Certain bacteria utilize glucose and transform it into various types of
acids, including lactic acid (LA), acetic acid (AA), and formic acid (FA) as the final products.
Initially, glucose is converted to pyruvic acid, and the subsequent acid produced depends on
the bacterial species. The acid production leads to a decrease in the medium's pH, causing a
color change in methyl red from yellow to red. This alteration signifies the bacteria's
capability to utilize the glucose present in the culture medium.?”

Indole test- The experiment aims to showcase the proficiency of specific bacteria containing
the enzyme tryptophanase, which can effectively break down and deaminate tryptophan,
resulting in the generation of indole, pyruvic acid, and ammonia. Indole, characterized as a
benzyl pyrrole, stands out as one of the end products derived from the metabolic degradation

of the amino acid tryptophan. By adding Kovac’s reagent, the emergence of a vivid fuchsia-
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pink ring at the boundary between the reagent and the broth within moments of introducing

the reagent signifies the existence of indole and serves as a positive indication in the test.”

Sugar fermentation test (dextrose, maltose, sucrose, D- mannitol)- A test is conducted to
assess an organism's capacity to ferment a particular carbohydrate included in a basic
medium, leading to the production of acid with or without the presence of visible gas. A
positive outcome is characterized by a color shift to pink, accompanied by or without the
formation of gas in Durham's tube. Conversely, a negative result is denoted by the presence

of growth but without any alteration in colour.*"

Plant extract

Six plant samples (Cardamom, cloves, ginger, onion, turmeric, tulsi/holy basil) were taken
according to our interest, previous knowledge and availability, most of them contain essential
oils as the main active ingredient. For extraction, there are some main techniques- The
conventional extraction technique (Hydrodistillation and Soxhlet extraction), the Advanced
extraction technique (Enzyme assisted extraction, Supercritical extraction, solar energy-based
extraction and Ultrasound-assisted extraction), and the Maceration Extraction Technique.™™!
We used the Maceration extraction technique here. A sample, consisting of a blend of plant-
derived phytochemicals, was acquired through the extraction of specific plant parts. The
specimens underwent a drying process in an incubator set at 37°C for 24 hours, followed by
grinding into a fine powder. Subsequently, the plant material was dissolved in water (1:10,
W/V), and the resulting mixtures were securely stored in sterilized closed conical flasks at
room temperature for 2 days to prevent evaporation. After 2 days, the mixtures underwent

filtration using Whatman no.1 filter paper and were kept in the refrigerator for further uses.*!

RESULTS

Salmonella was identified by biochemical tests- a negative Gram stain, positive motility,
flagella were present, a positive catalase test, positive MR and sugar fermentation that were
dextrose, maltose and D- mannitol all positive. the results are listed below in Table No. 2-
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Table 2: & Fig No. 1 - Biochemical Tests of Bacteria (Salmonella).

S. No. Biochemical Test |Positive |Negative
1 Gram stain ® Vv
2 Motility v X
3 Flagella v %
4 Catalase v x
5 Urease x v
6 Citrate x v ftos
7 MR v =
8 VP x v
9 Indole x Vv
10 Sucrose x Vv
11 Dextrose v % : o
12 Lactose x v i
13 Maltose g x
14 D-Manitol Vv x
15 H2S % Ny

The increasing apprehension regarding health and disease has spurred the emergence of

natural antimicrobials aimed at managing both foodborne pathogens and spoilage

microorganisms. Cloves, Turmeric, Cardamom, Ginger, Onion and Tulsi are used in

Ayurveda and other Herbalism. They all show good inhibitory activity in bacteria.

Fig. No. 2: AST Plate.

The antibacterial Susceptibility Test was done twice and the results were slightly different

both times. The mean value and Standard Deviation of both experiments are shown in Table

No. 2.
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Table 2: Mean Value and Standard Deviation of AST.

S. No. | Samples Zone of inhibition Mean Value (mm) | Standard Deviation
1 Blank (B) 0 0
2 Antibiotic Ab) 23 1
3 Cloves (L) 0 0
4 Cardamom (E) 17 1
5 Turmeric (Th) 9 1
6 Tulsi (Tu) 7 0
7 Onion (O) 17.5 0.5
8 Ginger (G) 17.75 0.75

Zone of Inhibition Graph

B Ab L 0] Th Tu E G

Samples

25

Zone of inhibition (mm)
s o 5]

[

0

Fig. 3: Zone of Inhibition Graph of AST.

In summary, salmonella is a pathogenic bacteria that causes typhoidal and non-typhoidal
diseases. To decrease the efficiency of bacteria some medicinal plants can be used which are
way more effective for Salmonella. In this study, we treated salmonella with aromatic plants-
Ginger, Onion, Cardamom, Turmeric, Tulsi and clove. An antibiotic (amoxicillin) was taken
30pg for the reference which is very effective for Salmonella. Aromatic plants degraded the
zone of salmonella Ginger (17.75mm), Onion (17.5mm), Cardamom (17mm), Turmeric
(9mm), Tulsi (7mm) and clove (Omm) respectively. results show that ginger, onion, and

cardamom have high antibacterial properties and others have low compared to these.

DISCUSSIONS

Medicinal plants continue to hold significant significance in the everyday existence of
individuals residing in developing regions of Asia and Africa. These plants serve not only as
supplements or alternatives to modern medical interventions, which are frequently lacking,
but also contribute to the well-being and safety of local communities. Consequently, these
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plants play essential roles in daily routines and are intricately linked to various social,
cultural, and economic aspects associated with existence, aging, ailments, and mortality. The
utilization of medicinal plants extends to the treatment and identification of diseases and
infections.'*? Throughout history, plants have consistently served as abundant reservoirs of
reliable and secure medicinal remedies.!®® The distinct antibacterial activities found in
essential oils from various plants can be attributed to the impact of carvacrol and thymol.4
The inclusion of cardamom in food should be promoted due to its polyphenol profile which
may help in improving the antimicrobial status, shelf life, and quality of products as well as
alleviating oxidative stress and various lifestyle-related disorders.'™¥ Ginger and its
polyphenols have demonstrated the ability to impact various signaling molecules, forming a
foundation for their application in addressing complex human diseases with multiple
contributing factors. Moreover, most of the known activities of ginger components are based
only on in vitro and in vivo studies, except for a few clinical studies in human subjects.’?!
Turmeric, derived from the rhizome of the medicinal plant Curcuma longa indigenous to
India, has long been recognized in Ayurveda and Unani for its multifaceted health benefits.
Renowned for its anti-inflammatory, carminative, hepatoprotective, anticancer, antioxidant,
and antilipidemic properties, turmeric has been a staple in traditional medicine. Within its
rhizome extract, a group of phenolic diarylheptanoids, collectively known as curcumoids, is
present. The primary active constituent among these compounds is curcumin, or
diferuloylmethane. Recent scientific investigations have reaffirmed the medicinal

significance of turmeric, highlighting its antibacterial properties.t*®

CONCLUSION

Pathogenic bacteria are increasing nowadays day by day. Salmonella is one of these
pathogenic bacteria which causes typhoidal and non-typhoidal infections. When transmitted
to humans, pathogens can induce diseases, and their treatment becomes challenging owing to
the emergence of antibiotic resistance. Cloves, Turmeric, Cardamom, Ginger, Onion and
Tulsi are aromatic plants, antimicrobial activity found in these plants includes Eugenol,
Flavonoids, Phenolic acids, Antioxidants, Terpenes, Carvacrol, Limonin etc. Antimicrobial
activity found in these plants are high so The growth of selected bacteria (Salmonella) was
inhibited by these plant extracts. The antibacterial activity of these plants can be correlated
with the results of AST plates.

www.wipr.net | Vol 13, Issue 3,2024. | 1SO 9001:2015 Certified Journal | 917



Anuradha et al. World Journal of Pharmaceutical Research

REFERENCE

1.

10.

11.

12.

13.

14.

Crump JA, Luby SP, Mintz ED. The global burden of typhoid fever, Bull World Health
Organ, 2004; 82(5): 346-53.

Eng SK, Pusparajah P, Ab Mutalib NS, Leng SH, Chan KG, Learn Han L. Salmonella: A
review on pathogenesis, epidemiology and antibiotic resistance. Frontiers in Life Science,
2015; 8(3): 284 - 293.

Popoff MY, Bockemdihl J, Gheesling LL. Supplement 2001 (no. 45) to the Kauffmann—
White scheme, Research in Microbiology, 2003; 154: 173-174.

Arora DS, Kaur GJ, Kaur H. Antibacterial Activity of Tea and Coffee: Their Extracts and
Preparations, International Journal of Food Properties 2009; 2: 286-294.

Anesini E, Perez C. Screening of plants used in Argentine folk medicine for antimicrobial
activity, journal of Ethnopharmacol, 1993; 39: 119-128.

Jha SK. Isolation and characterization of bacteria with biochemical importance from soil
samples of Ranchi city, India, Global science publication, 2020; 22: 648-653.

Nascimento GGF, Locatelli J, Freitas PC, Silva GL. Antibacterial Activity of Plant
Extracts and Phytochemicals on Antibiotic-Resistant Bacteria, Brazilian Journal of
Microbiology, 2000; 31: 247-256.

Santos PRV, Oliveira ACX, Tomassini TCB. Controls Microbiological Products
Fitoterapices, Revista de Farmacia e Bioquimica, 1995; 31: 35-38.

Ellof JN. Which extractant should be used for the screening and isolation of antimicrobial
components from plants, Journal of Ethnopharmacol, 1998; 60: 1-6.

Almagboul AZ, Bashir AK, Farouk A, Salih AKM. Antimicrobial activity of certain
Sudanese plants used in folkloric medicine? Screening for antibacterial activity,
Fitoterapia, 1985; 56: 331-337.

Artizzu N, Bonsignore L, Cottiglia F, Loy G. Studies of the diuretic and antimicrobial
activity of Cynodon dactylon essencial oil, Fitoterapia, 1996; 66: 174-175.

Ikram M, Inamul H. Screening of medicinal plants for antimicrobial activities,
Fitoterapia, 2001; 55: 62-64.

Izzo AA, Di Carlo GG, Biscardi D, Fusco R, Mascolo N, Borreli F, Capasso F, Fasulo AP,
Autore G. Biological screening of Italian medicinal plants for antibacterial activity,
Phytother Research, 1994; 9: 281-286.

Kubo L, Muroi H, Himejima M. Structure-antibacterial activity relationships of anacardic
acids, Journal of Agricultural and Food Chemistry, 1993; 41: 1016-1019.

www.wipr.net | Vol 13, Issue 3,2024. | 1SO 9001:2015 Certified Journal | 918



Anuradha et al. World Journal of Pharmaceutical Research

15. Shapoval EES, Silveira SM, Miranda ML, Alice CB, Henriques AT. Evaluation of some
pharmacological activities of Eugenia uniflora, Journal of Ethnopharmacol, 1994; 44:
136-142.

16. Jansen AM, Cheffer JJC, Svendsen AB. Antimicrobial activity of essencial oils: a 1976-
1986 literature review. Aspects of test methods, Planta Medica, 2006; 40: 395-398.

17. Sousa M, Pinheiro C, Matos MEO, Matos FJ, Lacerda MI, Craveiro AA. Constituintes
Quimicos de Plantas Medicinais Brasileiras. Universidade Federal do Ceara, Fortaleza,
1991, 385-388.

18. Saxena G, McCutcheon AR, Farmer S, Towers GHN, Hancock, REW. Antimicrobial
constituents of Rhus glabra, Journal of Ethnopharmacol, 1994; 42: 95-99.

19. Abdullah, Ahmed N, Tian W et al. Recent Advances in the Extraction, Chemical
Composition, Therapeutic Potential, and Delivery of Cardamom Phytochemicals,
Frontiers in Nutrition, 2022.

20. Noumi E, Snoussi M et al. Chemical and Biological Evaluation of Essential Oils from
Cardamom Species, Molecules, 2018; 23(11): 2818.

21.Prasad S, Tyagi AK. Ginger and Constituents: Role in Prevention and Treatment of
Gastrointestinal Cancer, Gastroenterology Research and Practice, 2015; 2015: 11.

22. \erma S. Chemical constituents and pharmacological action of Ocimum sanctum (Indian
holy basil-Tulsi), The Journal of Phytopharmacology, 2016; 5(5): 205-207.

23.Sagar NA, Pareek S, et al. Onion (Allium cepal.) Bioactives: Chemistry,
Pharmacotherapeutic Functions, and Industrial Applications, Food Frontiers, 2022; 3:
380-412.

24. Niranjan A, Prakash D. Chemical constituents and biological activities of turmeric
(Curcuma longa L.) - A review, Journal of Food Science and Technology, 2008; 45(2):
109-116.

25. Nassar M, Garra AH et al. Chemical constituents of Clove (Syzygium aromaticum, fam.
Myrtaceae) and their antioxidant activity, Revista Latinoamericana de Quimica, 2007;
35(3).

26. Adikari AMMU, Priyashantha H, et al. Isolation, identification and characterization
of Lactobacillus species diversity from Meekiri: traditional fermented buffalo milk gels in
Sri Lanka, Heliyon, 2021; 7(10).

27. Bailey & Scott's Diagnostic Microbiology, 4th ed., Elsevier Health Sciences, 1994.

28. Jawetz E et al. ’s Medical Microbiology, 18th Edition. (Appleton and Lange: San Mateo),
1989.

www.wipr.net | Vol 13, Issue 3,2024. | 1SO 9001:2015 Certified Journal | 919



Anuradha et al. World Journal of Pharmaceutical Research

29.

30.

31.

32.

33.

34.

35.

36.

Muhammad Shoaib M, Muzammil I, Muhammad Hammad et al. A Mini-Review on
Commonly used Biochemical Tests for Identification of Bacteria, International Journal of
Research Publications, 2020; 54: 1225.

Upasana Bhumbla Workbook for Practical Microbiology (pp.84-84), identification of
Bacteria by Biochemical Reactions.

Pandey A, Singh P. Antibacterial activity of Syzygium aromaticum (clove) with metal ion
effect against food borne pathogens, Asian Journal of Plant Science and Research, 2011,
1(2): 69-80.

Medicinal crops” in Ethiopia Current status and future potentials. Japan Association for
International Collaboration of Agriculture and Forestry, 2008.

Russell-Smith J, Karunaratne NS, Mahindapala R. Rapid inventory of wild medicinal
plant populations in Sri Lanka, Biological Conservation, 2006; 132(1): 22-32.

Bisset NM. Herbal Drugs and Phytopharmaceuticals, chemical rubber company Press,
London, 1994; 566.

Vasinauskiene M, Radusiene J et al. The distinct antibacterial activities found in essential
oils from various plants can be attributed to the impact of carvacrol and thymol, 2006; 4:
437-440.

Kali A, Bhuvaneswar D et al. Antibacterial synergy of curcumin with antibiotics against
biofilm producing clinical bacterial isolates, Journal of Basic and Clinical Pharmacy, 2016;
7(3): 93-96.

www.wipr.net | Vol 13, Issue 3,2024. | 1SO 9001:2015 Certified Journal | 920



