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ABSTRACT:  

Introduction: Medicinal plants are abundant in bioactive compounds with significant 

therapeutic potential, making them a cornerstone for drug discovery and alternative therapies. 

Hibiscus rosa-sinensis, Cassia auriculata, Clitoria ternatea, and Catharanthus roseus have been 

traditionally used in medicine and are known for their antibacterial properties, offering promise 

in combating antibiotic-resistant bacteria. 

Objectives: This study aims to evaluate the in vitro antibacterial efficacy of flower extracts from 

these plants and identify their bioactive compounds to support the development of novel 

therapeutic agents for bacterial infections. 

Methods: Standard microbiological techniques were employed to assess the antibacterial activity 

of the flower extracts against pathogenic bacteria. Phytochemical analyses were conducted to 

profile the bioactive compounds present in the extracts, integrating traditional knowledge with 

modern scientific approaches. 

Results: The extracts demonstrated notable antibacterial activity against pathogenic bacteria, 

underscoring their potential as natural remedies. Phytochemical profiling revealed diverse 

bioactive compounds that could serve as the basis for developing novel antibacterial agents. 

Conclusion: The findings validate the efficacy of these medicinal plant extracts in combating 

bacterial infections, offering a promising avenue to address the global challenge of antibiotic 

resistance. The study highlights the importance of leveraging traditional knowledge and scientific 

innovation to explore plant-based solutions for healthcare challenges. 

 

1. Introduction: 

Medicinal plants provide primary health care for most 

people worldwide. Similar to their past 

accomplishments, plants continue to be crucial for 

conserving human health because they serve as 

significant sources for the research and creation of potent 

antimicrobial drugs [1]. According to the World Health 

Organization, between 25 and 50 per cent of 

pharmaceuticals worldwide are derived from plants, and 

only a small number have been used as antimicrobials [2]. 
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India is renowned for its vast diversity of plant species, 

many of which have been traditionally used for 

medicinal purposes over the years. The Herbal industry 

stands as the top revenue-generating sector [3]. Most of 

the potential for using plants as a source of 

pharmaceuticals remains unexplored. The primary 

medicinal qualities of phytochemicals found in plants are 

their antipyretic, antibacterial, and antioxidant properties 
[4]. Alkaloids, glycosides, volatile oils, tannins, saponins, 

and other phytochemicals are primarily responsible for 

the medicinal properties of plants [5]. Medicinal plants 

frequently utilize antimicrobial agents, making it crucial 

to explore their antibacterial capabilities. Research 

indicates that essential oils and various plant extracts are 

used in traditional medicine, sparking interest in natural 

products as possible alternatives to conventional 

treatments for a range of infectious diseases [6]. An in-

depth exploration of the antibacterial qualities of plants 

utilized in traditional cultures can pave the way for the 

creation of invaluable plant-based treatments for severe 

diseases. This research focused on identifying 

phytochemicals and examining the antibacterial 

characteristics of Cassia auriculata flowers. Known as 

Tanner's Cassia and "Aavaarai" in Tamil, this plant is a 

common weed found in the dry regions of Rajasthan, 

Madhya Pradesh, and Tamil Nadu. The plant produces 

clusters of flowers. The petals and sepals are five in 

number, separate, with wavy edges, large (almost 5 cm 

in diameter), bright yellow with orange veins, and 

smooth, with pedicles measuring 2.5 cm in length. There 

are about ten distinct anthers, with three upper stamens 

being sterile; the ovary is superior, single-chambered, 

and contains marginal ovules [7]. This study examined the 

antimicrobial performance of unique approaches to 

extraction with acetone, chloroform, ethanol, petroleum 

ether, and aqueous extracts from the flowers of Hibiscus 

rosa-sinensis, Casia auriculata, Clitoria ternatea, and 

Catharanthus roseus) which were examined using the 

agar well diffusion method against a few pathogenic 

bacteria and indicated the phytochemicals present in 

various flower extracts [8].  

2. Materials and Methods: (Plate 1) 

2.1.  Delectation of Plants: 

The medicinal flowers used in this study (H. rosa-

sinensis, C. auriculata, C. ternatea, and C. roses) were 

collected from homes and streets in Surandai, Tenkasi 

district, Tamil Nadu, and authenticated by the 

Department of Botany, Sadakathullah Appa College, 

Rahmath Nagar, Tirunelveli-627011. Their physical 

attributes identified them. Table 1 provides the 

ethnobotanical information for H. rosa-sinensis, C. 

auriculata, C. ternatea, and C. roses. The flowers were 

thoroughly washed and rinsed with sterile distilled water 

before being allowed to dry at room temperature. They 

were then crushed into small pieces using a pestle and 

mortar. 

2.2.  Preparation of extracts: 

The powdered flowers, including H. rosa-sinensis, C. 

auriculata, C. ternatea, and C. roses, were sequentially 

extracted using 250 mL of Ethanol, Petroleum ether, 

Chloroform, and Acetone in a Soxhlet apparatus. The 

resulting extracts were concentrated into a liquid form 

and stored at 4°C in an airtight container for future use 
[9].  

2.3.  Preliminary Phytochemical analysis: 

The ethanol, petroleum ether, chloroform, acetone, and 

aqueous extracts of flowers of H. rosa-sinensis, C. 

auriculata, C. ternatea, and C. roses, were analyzed by 

the following procedures for the presence of alkaloids, 

steroids, Fehling’s test, anthrone test, reducing sugar, 

tannins, saponin, flavonoids, terpenoids, glycosides, 

amino acids, and essential oils [10].  

2.3.1. Alkaloids: Each plant extract, in a volume of one 

mL, was individually mixed with 3 mL of a diluted 2N 

HCl solution and then filtered. The resulting filtrate was 

then treated with two drops of Mayer’s reagent. The 

appearance of a cloudy white or light-yellow precipitate 

signified the presence of alkaloids [11]. 

2.3.2. Steroids: The plant extract (2 ml) was subjected to 

treatment with a few drops of methyl chloride, three to 

four drops of acetic anhydride, and one drop of 

concentrated sulfuric acid. The transition of the purple 

color to blue or green serves as an indicator of the 

presence of steroids [12]. 

2.3.3. Fehling’s test: Plant extract (2 ml) was treated 

with 2 ml of Fehling’s reagent and 3 ml of water. The 

mixture was boiled for a few seconds. The red-orange 

color indicates the presence of sugars [13]. 

2.3.4. Anthrone Test: Each plant extract (2 mL) was 

combined with an equivalent volume of anthrone, 

followed by the addition of a few drops of concentrated 
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sulfuric acid, and subsequently heated in a water bath. 

The emergence of a dark-green coloration serves as an 

indicator of the presence of carbohydrates [14]. 

2.3.5. Tannins: The plant extract was diluted with water 

and subsequently treated with lead acetate powder. The 

emergence of a white precipitate served as an indicator 

of the presence of tannins within the extract [15]. 

2.3.6. Saponins: Each plant extract (2 ml) was diluted 

with distilled water and thoroughly agitated. The 

formation of a foamy lather served as an indicator of the 

presence of saponins [16]. 

2.3.7. Flavonoids: A volume of 2 ml of each plant 

extract was combined with a small quantity of 

magnesium powder and subsequently treated with one or 

two drops of concentrated hydrochloric acid. The 

mixture was then subjected to heating. The emergence of 

a red or orange-red coloration signified the presence of 

flavonoids [16]. 

2.3.8. Terpenoids: The extracts were subjected to 

chloroform treatment, followed by filtration and the 

addition of a few drops of concentrated sulfuric acid. The 

mixture was then agitated and allowed to settle. The 

emergence of a reddish-brown coloration indicated the 

presence of terpenoids [17]. 

2.3.9. Glycosides: The extracts were treated with a ferric 

chloride solution and subsequently hydrolyzed using 

diluted hydrochloric acid. They were then immersed in 

boiling water for five minutes. After cooling, an equal 

volume of benzene was introduced. A modified 

Borntrager test was employed to separate and treat the 

benzene layer with an ammonia solution. The formation 

of a pink color signified the presence of anthranol 

glycosides [18]. 

2.3.10. Amino Acids: The extracts were treated with a 

0.25% ninhydrin reagent and subjected to boiling for a 

few minutes before being cooled. The development of a 

blue color indicated the presence of amino acids [19]. 

2.3.11. Test for essential oils: One millilitre of the test 

solution, alcoholic K2Cr2O7, and a few drops of 

phenolphthalein soap were added. Presence of essential 

oils [20]. 

 

 

2.4. Antibacterial Activity Procedure: 

2.4.1. Test Organism: The test microorganisms, 

Escherichia coli, Staphylococcus aureus, Klebsiella 

pneumoniae, and Lactobacillus acidophilus, were 

purchased from the Microbial Type Culture Collection 

and Gene Bank (MTCC) in Chandigarh. Bacterial strains 

were maintained on nutrient agar (NA). 

2.4.2. Nutrient Broth Preparation: Pure cultures were 

inoculated onto nutrient agar plates and subcultured at 37 

°C for 24 h. Inoculum was prepared by adding fresh 

culture into 2 ml of sterile 0.145 mol/L saline tube, and 

cell density was adjusted to 0.5 McFarland turbidity 

standard to yield a bacterial suspension of 1.5×108 

cfu/ml. This standardized inoculum was used for 

antimicrobial testing [21]. 

2.4.3. Antibacterial Test: Antibiotic susceptibility tests 

used the agar disc diffusion (Kirby-Bauer) method. The 

medium was prepared by dissolving 38 g Mueller-Hinton 

Agar Medium (Hi-Media) in 1000ml distilled water. The 

dissolved medium was autoclaved at 15 lbs pressure at 

1210C for 15 min (pH 7.3), cooled and poured into Petri 

plates (25 ml/plate). The plates were swabbed with 

bacterial cultures of Escherichia coli, Staphylococcus 

aureus, Klebsiella pneumoniae, and Lactobacillus 

acidophilus. The sample-loaded disc was placed on the 

Mueller-Hinton agar medium. Standard drug discs, 

including ciprofloxacin (5 mcg), vancomycin (30 mcg), 

and ampicillin (10 mcg), served as positive controls, with 

an empty sterile disc as a negative control. The plates 

were incubated at 37°C for 24 hours. After incubation, 

inhibition zones around discs were measured in 

millimeters using a transparent ruler. The absence of 

zone inhibition indicated no activity [22]. 

3. Result and Discussion:  

3.1. Phytochemical Analysis: This study conducted 

phytochemical analysis of flower extracts from Hibiscus 

rosa-sinensis, Cassia auriculata, Clitoria ternatea, and 

Catharanthus roseus to screen phytochemical 

components and evaluate their antibacterial potential, 

given increasing antibiotic resistance. Initial 

investigations identified alkaloids, tannins, saponins, 

flavonoids, terpenoids, and essential oils in the extracts. 

The ethanol, petroleum ether, and acetone extracts of 

Hibiscus rosa-sinensis showed greater inhibitory effects 

compared to others (Table 2). Flavonoids, glycosides, 
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phenolic compounds, tannins, terpenoids, phytosterols, 

carbohydrates, proteins, amino acids, gum, and 

mucilages were detected in all morphotypes, while 

alkaloids, saponins, fixed oils, and fats were absent [23]. 

The petroleum ether and acetone extracts of 

Catharanthus roseus demonstrated stronger inhibitory 

effects than other extracts (Table 5). The petroleum ether 

extracts of Cassia auriculata exhibited stronger 

inhibitory effects, with investigations revealing 

alkaloids, saponins, terpenoids, phenols, tannins, 

flavonoids, carbohydrates, proteins, and amino acids [24].  

The ethanol and methanol extracts of Cassia auriculata 

showed superior inhibitory effects, suggesting active 

constituents are better extracted with ethanol and 

methanol than with acetone, chloroform, and aqueous 

extracts (Table 3). Cassia auriculata flowers contain 

active principles with therapeutic value against various 

diseases [25]. The petroleum ether and acetone extracts of 

Clitoria ternatea showed pronounced effects (Table 4). 

Phytochemical screening tested for tannins, 

anthraquinones, alkaloids, saponins, phlorotannins, 

flavonoids, cardiac glycosides, volatile oils, terpenoids, 

and steroids. Clitoria ternatea leaves contain 

intermediate amounts of tannins, cardiac glycosides, and 

steroids, and small amounts of alkaloids [26]. The flowers 

contain moderate amounts of phlorotannins, flavonoids, 

and terpenoids, while roots contain small amounts of 

flavonoids, volatile oils, and terpenoids. Anthraquinones 

and saponins are absent in the plant [27].  

3.2. Antibacterial Activity: Four medicinal plant 

extracts (Hibiscus rosa-sinensis, Cassia auriculata, 

Clitoria ternatea, and Catharanthus roseus) were 

evaluated for antimicrobial activity against four bacterial 

strains using the disc diffusion method, revealing 

solvent-dependent efficacy and differential bacterial 

susceptibility. Hibiscus rosa-sinensis exhibited the 

highest inhibition with lipophilic solvents, notably 

petroleum ether against K. pneumoniae (14 mm) and 

acetone against L. acidophilus (17 mm), whereas 

aqueous extracts demonstrated reduced activity (Table 6, 

Graph 1 & Plate 2). Cassia auriculata displayed selective 

antimicrobial effects, with ethanolic extracts most 

effective against S. aureus (15 mm) and aqueous extracts 

against E. coli (11 mm), but showed no activity against 

K. pneumoniae with certain solvents (Table 7, Graph 2 

& Plate 3). Clitoria ternatea presented a balanced 

antimicrobial profile across solvents, particularly 

aqueous extract against L. acidophilus (15 mm) and 

ethanolic extract against E. coli (12 mm) (Table 8, Graph 

3 & Plate 4). Catharanthus roseus exhibited a narrower 

spectrum, with ethanolic and petroleum ether extracts 

active primarily against E. coli and L. acidophilus, while 

aqueous and acetone extracts were largely ineffective 

(Table 9, Graph 4 & Plate 5) [28]. Overall, Lactobacillus 

acidophilus were the most susceptible organism (13–17 

mm zones), followed by S. aureus, E. coli, and K. 

pneumoniae, which demonstrated the greatest resistance. 

These variations correspond to differences in 

phytochemical solubility and bacterial structural 

defences, including the accessibility of gram-positive 

cell walls versus the protective outer membranes and 

efflux systems of gram-negative bacteria [29]. The 

antimicrobial activity is attributed to secondary 

metabolites that disrupt bacterial membranes and inhibit 

enzymatic functions, with solvent polarity influencing 

the extraction of bioactive compounds [30]. These 

findings underscore the therapeutic potential of Hibiscus 

rosa-sinensis and Cassia auriculata against Gram-

positive infections, and Clitoria ternatea for broad-

spectrum applications, while highlighting the necessity 

to consider the effects on beneficial microbiota, such as 

L. acidophilus [31].  

4. Conclusion: 

This study's outcomes reveal that the flower extracts 

examined possess varying levels of antimicrobial 

effectiveness. The antibacterial potential found in 

extracts from Hibiscus rosa-sinensis, Cassia auriculata, 

Clitoria ternatea, and Catharanthus roseus suggests 

their promise as potent herbal antibacterial agents. These 

early findings point to the notable antimicrobial 

properties of these plants. However, extensive 

pharmacological research is essential to confirm and 

support the therapeutic use of these herbal extracts.  

Table 1: Ethnobotanical data for medicinal plants 
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Table 2: phytochemical screening results for Hibiscus 

rosa-sinensis using various solvent extracts 
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Table 3: phytochemical screening results for Cassia 

auriculata using various solvent extracts 
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Table 5: phytochemical screening results for 

Catharanthus roseus using various solvent extracts 
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Graph 1: The antimicrobial activity of various 

solvents of Hibiscus rosa-sinensis against different 

microorganisms 

Graph 2: The antimicrobial activity of various 

solvents of Cassia auriculata against different 

microorganisms 

 

Graph 3: The antimicrobial activity of various 

solvents of Clitoria ternatea against different 

microorganisms 

 

Graph 4: The antimicrobial activity of various 

solvents of Catharanthus roseus against different 

microorganisms 

 

 

Plate 1: Graphical Abstract 

 

Plate 2: The antimicrobial activity of various solvents 

of Hibiscus rosa-sinensis against different 

microorganisms 
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Plate 3: The antimicrobial activity of various solvents 

of Cassia auriculata against different microorganisms 

 

Plate 4: The antimicrobial activity of various solvents 

of Clitoria ternatea against different microorganisms 

 

Plate 5: The antimicrobial activity of various solvents 

of Catharanthus roseus against different 

microorganisms 

 

Acknowledgement:  

We would like to express our sincere gratitude to our 

Research Supervisor, co-scholars and the department of 

our college. Their guidance, support, and collaborative 

efforts have been instrumental in shaping our academic 

and research endeavours.  

conflict of interest:  

Nil 

References 

1. Ravichandran, S., Rai, A., Pandey, T., 

Bhargavi, K. M., Sri, R. M. M., & Rajput, J. 

(2023). Medicinal plants for curing human 

diseases. Insight - Chinese Medicine, 6(1), 570. 

https://doi.org/10.18282/i-cm.v6i1.570. 

2. Salmanov, A. G., Verner, O. M., Lugach, O. O., 

& Trokhymchuk, V. V. (2018). One Health: 

Environmental Contamination by 

Antimicrobials. International Journal of 

Antibiotics and Probiotics, 2(2–3), 50–65. 

https://doi.org/10.31405/ijap.2-3.18.05. 

3. Princi, M., Singh, A., Noorani, M. S., Mumtaz, 

M., & Umar, S. (2024). Herbal Medicine in 

India: Contemporary Status and Molecular 

Marker Integration in Herbal Drug 

Technology (pp. 127–143). Iterative 

International Publishers Selfypage Developers 

Pvt Ltd. 

https://doi.org/10.58532/v3bjbt19p4ch7. 

4. Frazaei, M. H., Pour, P. M., Arefnezhad, R., 

Assar, S., Nouri, R., & Naseri, M. (2024). A 

Review of Medicinal Plants and 

Phytochemicals for the Management of 

Gout. Current Rheumatology Reviews, 20(3), 

223–240. 

http://www.jchr.org/
https://doi.org/10.18282/i-cm.v6i1.570
https://doi.org/10.31405/ijap.2-3.18.05
https://doi.org/10.58532/v3bjbt19p4ch7


 
 

 

1008 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2026) 16(2), 1000-1009 | ISSN:2251-6727 

https://doi.org/10.2174/0115733971268037230

920072503. 

5. Brahmam, M., Saxena, H. O., & Dhal, N. K. 

(2024). Phytochemical Screening of some 

Orissa Plants for Tannins, Saponins, Flavonoids 

and Alkaloids. Nelumbo, 8–13. 

https://doi.org/10.20324/nelumbo/v38/1996/74

301. 

6. Kibibi J, W. (2025). The Future of Medicinal 

Plants in Combating Emerging Infectious 

Diseases. Newport International Journal of 

Public Health and Pharmacy, 6(2), 57–65. 

https://doi.org/10.59298/nijpp/2025/625765. 

7. Sahoo, J., Kumari, P., Singh, U., & Das, D. 

(2023). Nutritional Composition of Cassia 

Auriculata Flowers. Asian Journal of Dairy and 

Food Research, Of. 

https://doi.org/10.18805/ajdfr.dr-2024. 

8. Mishra, S., Parveen, Z., Kumar, N., Babulal, K. 

S., & Singh, R. (2025). Phytochemical Profiling 

and Morphological Characterization of 

Hibiscus rosa-sinensis and Clitoria ternatea 

Flower Petal Extracts. Biomedical and 

Pharmacology Journal, 18(2), 1383–1391. 

https://doi.org/10.13005/bpj/3175.  

9. Okoro, I. S., Okoro, E. O., & Inegbedion, A. O. 

(2022). Comparative Study Of In Vitro 

Antioxidant Activities of Petroleum Ether, 

Acetone and Ethanol Extracts of The Aerials of 

Acanthospermum Hispidum. Nigerian Journal 

of Life Sciences (ISSN: 2276-7029), 5(2), 303–

311. https://doi.org/10.52417/njls.v5i2.265. 

10. Parani, K. (2024). Determination of 

Phytochemical Compositions of Leaves and 

Flowers of Cassia auriculate. European 

Journal of Medicinal Plants, 35(6), 13–20. 

https://doi.org/10.9734/ejmp/2024/v35i61204. 

11. Al-Azzawi, M. A., & Saleh, W. R. (2023). 

Investigating the Electrochemical Properties of 

Alkaloids Compound Derived from 

Catharanthus Roseus Extract. Journal of 

Biomimetics, Biomaterials and Biomedical 

Engineering, 61, 93–107. 

https://doi.org/10.4028/p-ybmv9q. 

12. Miura, T., & Kimura, M. (1978). Chromogenic 

reactions of steroids with strong acids. IX. 

Behavior of estrone methyl ether in 

concentrated sulfuric acid. Chemical and 

Pharmaceutical Bulletin, 26(1), 171–177. 

https://doi.org/10.1248/cpb.26.171. 

13. Zhang, Y., & Chen, Q. (2020). Improving 

measurement of reducing sugar content in 

carbonated beverages using Fehling’s 

reagent. Journal of Emerging Investigators. 

https://doi.org/10.59720/20-009. 

14. Katz, R., Hagin, J., & Kurtz, L. T. (1983). 

Nitrate Interference in the Determination of 

Carbohydrates by The Anthrone Method1. Soil 

Science, 136(2), 131. 

https://doi.org/10.1097/00010694-198308000-

00010. 

15. Ibrahim, M., & Idoko, A. S. (2023). 

Phytochemical analysis of Hexane, 

Chloroform, Ethyl acetate, Ethanol and 

Aqueous Extracts of Azanza garckeana 

Leaf. Sahel Journal of Life Sciences 

FUDMA, 1(1), 25–31. 

https://doi.org/10.33003/sajols-2023-0101-003. 

16. Alara, O. R., Abdurahman, N. H., Ukaegbu, C. 

I., Azhari, N. H., & Kabbashi, N. A. (2018). 

Metabolic profiling of flavonoids, saponins, 

alkaloids, and terpenoids in the extract from 

Vernonia cinerea leaf using LC-Q-TOF-

MS. Journal of Liquid Chromatography & 

Related Technologies, 41(11), 722–731. 

https://doi.org/10.1080/10826076.2018.151199

5. 

17. Tavanappanavar, A. N., Mulla, S. I., Shekhar 

Seth, C., Bagewadi, Z. K., Rahamathulla, M., 

Muqtader Ahmed, M., & Ayesha Farhana, S. 

(2023). Phytochemical analysis, GC–MS 

profile and determination of antibacterial, 

antifungal, anti-inflammatory, antioxidant 

activities of peel and seeds extracts (chloroform 

and ethyl acetate) of Tamarindus indica 

L. Saudi Journal of Biological Sciences, 31(1), 

103878. 

https://doi.org/10.1016/j.sjbs.2023.103878. 

18. García-Villalba, R., Alasalvar, C., Kroon, P. A., 

Espín, J. C., Heinonen, M., Aaby, K., Tomás-

Barberán, F. A., Koivumäki, T., Jacobs, G., 

Saha, S., Pelvan, E., & Voorspoels, S. (2015). 

Validated Method for the Characterization and 

Quantification of Extractable and 

http://www.jchr.org/
https://doi.org/10.2174/0115733971268037230920072503
https://doi.org/10.2174/0115733971268037230920072503
https://doi.org/10.20324/nelumbo/v38/1996/74301
https://doi.org/10.20324/nelumbo/v38/1996/74301
https://doi.org/10.59298/nijpp/2025/625765
https://doi.org/10.18805/ajdfr.dr-2024
https://doi.org/10.13005/bpj/3175
https://doi.org/10.52417/njls.v5i2.265
https://doi.org/10.9734/ejmp/2024/v35i61204
https://doi.org/10.4028/p-ybmv9q
https://doi.org/10.1248/cpb.26.171
https://doi.org/10.59720/20-009
https://doi.org/10.1097/00010694-198308000-00010
https://doi.org/10.1097/00010694-198308000-00010
https://doi.org/10.33003/sajols-2023-0101-003
https://doi.org/10.1080/10826076.2018.1511995
https://doi.org/10.1080/10826076.2018.1511995
https://doi.org/10.1016/j.sjbs.2023.103878


 
 

 

1009 

Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2026) 16(2), 1000-1009 | ISSN:2251-6727 

Nonextractable Ellagitannins after Acid 

Hydrolysis in Pomegranate Fruits, Juices, and 

Extracts. Journal of Agricultural and Food 

Chemistry, 63(29), 6555–6566. 

https://doi.org/10.1021/acs.jafc.5b02062. 

19. Stauß, A. C., Fuchs, C., Jansen, P., Repert, S., 

Alcock, K., Ludewig, S., & Rozhon, W. (2024). 

The Ninhydrin Reaction Revisited: 

Optimisation and Application for 

Quantification of Free Amino Acids. Molecules 

(Basel, Switzerland), 29(14), 3262. 

https://doi.org/10.3390/molecules29143262; 

20. Zomorodian, K., Ghadiri, P., Saharkhiz, M. J., 

Moein, M. R., Mehriar, P., Bahrani, F., Golzar, 

T., Pakshir, K., & Fani, M. M. (2015). 

Antimicrobial Activity of Seven Essential Oils 

From Iranian Aromatic Plants Against Common 

Causes of Oral Infections. Jundishapur Journal 

of Microbiology, 8(2). 

https://doi.org/10.5812/jjm.17766. 

21. Wiegand, I., Hilpert, K., & Hancock, R. E. W. 

(2008). Agar and broth dilution methods to 

determine the minimal inhibitory concentration 

(MIC) of antimicrobial substances. Nature 

Protocols, 3(2), 163–175. 

https://doi.org/10.1038/nprot.2007.521. 

22. Bauer AW, Kirby WM, Sherris JC, Turck M. 

Antibiotic susceptibility testing by a 

standardized single disk method. Am J Clin 

Pathol. 1966 Apr;45(4):493-6. PMID: 

5325707.  

23. Lyu, J. I., Ryu, J., Jin, C. H., Kim, D.-G., Kim, 

J. M., Seo, K.-S., Kim, J.-B., Kim, S. H., Ahn, 

J.-W., Kang, S.-Y., & Kwon, S.-J. (2020). 

Phenolic Compounds in Extracts of Hibiscus 

acetosella (Cranberry Hibiscus) and Their 

Antioxidant and Antibacterial 

Properties. Molecules, 25(18), 4190. 

https://doi.org/10.3390/molecules25184190. 

24. Goboza, M., Meyer, M., Aboua, Y. G., & 

Oguntibeju, O. O. (2020). In Vitro Antidiabetic 

and Antioxidant Effects of Different Extracts of 

Catharanthus roseus and Its Indole Alkaloid, 

Vindoline. Molecules, 25(23), 5546. 

https://doi.org/10.3390/molecules25235546. 

25. Panda, S., Padhi, L., & Mohanty, G. (2011). 

Antibacterial activities and phytochemical 

analysis of Cassia fistula (Linn.) leaf. Journal 

of Advanced Pharmaceutical Technology 

&amp; Research, 2(1), 62. 

https://doi.org/10.4103/2231-4040.79814. 

26. Havananda, T., & Luengwilai, K. (2019). 

Variation in floral antioxidant activities and 

phytochemical properties among butterfly pea 

(Clitoria ternatea L.) germplasm. Genetic 

Resources and Crop Evolution, 66(3), 645–658. 

https://doi.org/10.1007/s10722-018-00738-6. 

27. Arzani, V., Soleimani, M., Fritsch, T., Jacob, U. 

M., Calabrese, V., & Arzani, A. (2025). Plant 

polyphenols, terpenes, and terpenoids in oral 

health. Open Medicine (Warsaw, 

Poland), 20(1). https://doi.org/10.1515/med-

2025-1183. 

28. Pham, H. N. T., Vuong, Q. V., Sakoff, J. A., 

Scarlett, C. J., & Bowyer, M. C. (2019). 

Phytochemical, antioxidant, anti-proliferative 

and antimicrobial properties of Catharanthus 

roseus root extract, saponin-enriched and 

aqueous fractions. Molecular Biology 

Reports, 46(3), 3265–3273. 

https://doi.org/10.1007/s11033-019-04786-8. 

29. Monte, J., Abreu, A. C., Borges, A., Simões, L. 

C., & Simões, M. (2014). Antimicrobial 

Activity of Selected Phytochemicals against 

Escherichia coli and Staphylococcus aureus and 

Their Biofilms. Pathogens, 3(2), 473–498. 

https://doi.org/10.3390/pathogens3020473. 

30. Nourbakhsh, F., Badpeyma, M., Soheili, V., 

Lotfalizadeh, M., & Shakeri, A. (2021). From 

plants to antimicrobials: Natural products 

against bacterial membranes. Phytotherapy 

Research, 36(1), 33–52. 

https://doi.org/10.1002/ptr.7275. 

31. Amtaghri, S., Eddouks, M., Qabouche, A., & 

Slaoui, M. (2024). A Comprehensive Overview 

of Hibiscus rosa-sinensis L.: Its Ethnobotanical 

Uses, Phytochemistry, Therapeutic Uses, 

Pharmacological Activities, and 

Toxicology. Endocrine, Metabolic &amp; 

Immune Disorders - Drug Targets, 24(1), 86–

115. 

https://doi.org/10.2174/1871530323666230522

113405. 

http://www.jchr.org/
https://doi.org/10.3390/molecules29143262
https://doi.org/10.5812/jjm.17766
https://doi.org/10.1038/nprot.2007.521
https://doi.org/10.3390/molecules25184190
https://doi.org/10.3390/molecules25235546
https://doi.org/10.4103/2231-4040.79814
https://doi.org/10.1007/s10722-018-00738-6
https://doi.org/10.1515/med-2025-1183
https://doi.org/10.1515/med-2025-1183
https://doi.org/10.1007/s11033-019-04786-8
https://doi.org/10.3390/pathogens3020473
https://doi.org/10.1002/ptr.7275
https://doi.org/10.2174/1871530323666230522113405
https://doi.org/10.2174/1871530323666230522113405

