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Abstract. 

Aims. Chromolaena odorata R.M.King & H.Rob. leaves were studied for 

pulverized and non-pulverized extract effects. Methods. Extraction was carried out 

through water maceration. Pulverized and non-pulverized dried leaves were extracted 

at 0.02, 0.04, 0.06, 0.08 and 0.10 g per 1 ml. The leave's phytochemical screening 

reflected availability of alkaloids, saponins, steroids, flavonoids, tannins with other 

secondary metabolites. Antimicrobial assay of the extracts was determined on 

Staphylococcus aureus and Escherichia coli by agar well diffusion procedure. 

Results. Extracts between 20 mg/mL and 100 mg/mL gave 13 mm to 22 mm zones of 

inhibition against Staphylococcus aureus for the pulverized leaves extract and 8 mm 

to 20 mm for non-pulverized while 12 mm to 23 mm and 8 mm to 19 mm zones of 

inhibitions against Escherichia coli were recorded for the pulverized and non-

pulverized leaves extract respectively. Conclusions. Studies have shown that 

C. odorata leaf extract can be used as a potential natural source for drug development 

to treat some bacterial infections. The pulverized leaves demonstrated more 

inhibitory activity than non-pulverized against the microorganisms. 

 

Key words: alkaloids, antibacterial activity, Escherichia coli, leaves phytochemical 

composition, Staphylococcus aureus. 
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Реферат. 

Мета. Визначити антибактеріальні ефекти екстрактів з подрібненого й 

неподрібненого листя Chromolaena odorata (L.) R.M.King & H.Rob. Матеріали 

і методи. Екстракцію проводили способом водної мацерації. Подрібнене та 

неподрібнене висушене листя екстрагували з наважок 0,02, 0,04, 0,06, 0,08 та 

0,10 г на 1 мл. У процесі фітохімічного скринінгу листя визначали наявність 

алкалоїдів, сапонінів, стероїдів, флавоноїдів, танінів з іншими вторинними 

метаболітами. Антимікробний аналіз екстрактів виконували на Staphylococcus 

aureus та Escherichia coli методом дифузії в агарі. Результати та обговорення. 

Використані у концентраціях від 20 до 100 мг/мл екстракти з подрібненого 

листя забезпечили зони інгібування Staphylococcus aureus від 13 до 22 мм, а для 

нероздрібненого — від 8 до 20 мм, тоді як зони інгібування Escherichia coli 

були від 12 до 23 мм для подрібненого і від 8 до 19 мм для екстрактів з 

неподрібненого листя. Висновки. Дослідження показали, що екстракти з листя 

C. odorata можуть бути використані як потенційне природне джерело для 

розробки препаратів для лікування деяких бактеріальних інфекцій. Екстракти з 

подрібненого листя продемонстрували більшу інгібіторну дію проти 

мікроорганізмів, ніж з неподрібненого. 

 

Ключові слова: алкалоїди, антибактеріальна дія, Escherichia coli, фітохімічний 

склад листя, Staphylococcus aureus. 

 

Introduction. Research on healing or curing was developed on plants through 

instinctiveness, which led to the discovery of their medicinal activity as an emerging 

field of herbal preparation due to their effectiveness in combatting the activities of 

pathogenic microbes and the prevention, reduction and treatment of diseases since 

time immemorial (Petrovska, 2012). Medicinal plant exploration has been evolving 

for a long time (Sofowora et al., 2013). Various methods of plant medicinal 

preparation such as maceration, decoction, and others, have been reported (Abubakar 

& Haque, 2020). Plant medicinal use by the majority of the world population resulted 

from man’s efforts against illnesses that brought about seeking medicine in roots, 

stems, barks, leaves, seeds, fruits, and flowers due to availability, low cost or a cheap 

price, affordability, administration ease, low alternative side effects, and drug 
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resistance (Asase et al., 2008). Accurate and safe dose evaluation has been a 

challenge for medicinal plants (Hosseini et al., 2018). However, medicinal plants are 

widely recognised and accepted due to their important roles in the treatment of many 

diseases (Prasathkumar et al., 2021). Medicines can be sourced through natural, 

synthetic, or biosynthetic means (Alamgir, 2017). 

Medicinal sources such as plants, animals, microbes, chemicals, and genetically 

engineered organisms have been reported (Alamgir, 2017). Treatments with animal 

meat have been known. Plant-animal mixtures where seeds were a major part of the 

mixture recipes have been reported (Mussarat et al., 2021).  Biological medicinal 

sources with plants that are more advantage of environmentally friendly have been 

reported (Ponarulselvam et al., 2021). Plant extract medicinal products uses have 

been widespread for health maintenance due to diagnoses based on theories, beliefs, 

and experiences for the avoidance or treatment of illness (Wachtel-Galor & Benzie, 

2011). Plant-sourced material is cost-effective, affordable, toxic-free, and danger-free 

to life, and therefore preferred (Huang et al., 2007). 

The plants of Siam weed, scientific name — Chromolaena odorata (L.) 

R.M.King & H.Rob., genus Chromolaena DC. in the tribe Eupatorieae Cass. of the 

family Asteraceae Bercht. & J.Presl (Asteraceae..., 2023; Okpashi et al., 2014; 

Vijayaraghavan et al., 2017), are efficacious in scientific pharmacological evaluation. 

A phytochemical study of C. odorata has reported the presence of chemical entities 

(Akinmoladun et al., 2007). The plant is one of the world's tropical weeds that has 

been used for herbal medicine due to its medicinal properties. It has been used for the 

treatment of external wounds and skin infections (Pandith et al., 2013), has 

cytoprotective effects, and has other significant medicinal properties. C. odorata 

according to the literature is an antioxidant and has activity against microorganisms 

(Harfiani et al., 2022). Its leaf is used for the treatment of cough (Yahya et al., 2014) 

and many other functions (Zahara, 2019). The earliest form of life involved 

microorganisms, which included bacteria, fungi, protists, and viruses that might be 

free-living or parasitic (Forterre, 2010). Microorganisms increase quickly because 

they always multiply inside other living things. Bacteria freely undergo reformation 

(Holmes & Jobling, 1996). The operation mode of genes enables bacteria to live and 

act in new places (Woods et al., 2020). Microorganisms are characterized by rapid 

evolution and resistance to treatment (Enright et al., 2002). Some microorganisms are 

beneficial, such as decomposers in ecosystems (Berg et al., 2020) for water and food 

production, while pathogens are harmful, causing diseases to plants and animals 

(Sweileh, 2017). The antimicrobial activity of C. odorata against widespread 

microorganisms is popular. However, the leaf extracts effects of pulverized 

C. odorata in comparison with non-pulverized C. odorata are not known. C. odorata 

has been reported for varieties of phytochemicals, except for comparison in 

extraction effectiveness due to pulverization and non-pulverization effects on the 

C. odorata leaves. This work therefore focused on the assessment of pulverization 

and non-pulverization of C. odorata leaf extract for growth inhibition effects due to 

pharmacological or medicinal activities against Staphylococcus aureus and 

Escherichia coli. It has been reported that pulverization decreases particle size, 

leading to a higher surface area and pore volume (Zhao et al., 2014). 
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Materials and Methodology. The plant materials used in the present study were 

obtained from the Alabata, Abeokuta, Odeda Local Governments, Ogun State and 

taxonomic identification was made by the Botanical Survey. Chemicals and reagents 

were obtained from Standard and Precision Scientific Co. The C. odorata leaves were 

cleaned and rinsed using aqueous and deionized water before being air dried. Some 

were pulverized, and some were not pulverized. The cold maceration method was 

employed for the plant extraction, in which 50 g pulverized and non-pulverized 

material was soaked for three days in 200 mL of distilled deionized aqueous, filtrate 

separated through filtration and distilled by a rotary evaporator. It was lyophilized, 

and powdery C. odoraeta was obtained (Eze & Jayeoye, 2021). 

Phytochemical composition of both the pulverized and non-pulverized leaves of 

the C. odorata was analysed by special tests: 

1. Terpenoids test — 1 ml separately of the pulverized and non-pulverized 

extract of the C. odorata was reacted with equal CHCl3 and 0.5 ml acetic anhydride. 

The mixture was shaken and further mixed with a little quantity of concentrated 

H2SO4. Presence of terpenoids was reflected by green colour in a way similarly 

reported in literature (Theeba, & Kumar, 2015). Deep green was observed for the 

pulverized extract, while light green was shown by the non-pulverized extract. 

2. Sterols determination — in each case of pulverized and non-pulverized 

C. odorata extract, 1 ml of equal volume CHCl3 was added then mixed in the same 

volume concentrated H2SO4. Reddish and greenish yellow colours indicated presence 

of sterols (Geetha & Geetha, 2014).  

3. Saponins evaluation — 2 ml of pulverized and 2 ml of non-pulverized leaves 

content were separately added with little quantity of sodium hydrogen carbonate and 

5 ml deionized H2O. Persisted honeycomb foaming nature formed in demonstration 

of saponins in the extract (Sandeep et al., 2014) after shaken thoroughly. 

4. Tannins test — 1 ml of extract of the pulverized and non-pulverized 

C. odorata in 4 ml deionized H2O was reacted with 0.2 ml of 10% ferric chloride. 

Presence of tannins was indicated by blue-black formation, as similarly reported in 

literature (Rufai et al., 2016). 

5. Test for alkaloids — Alkaloids test was done in which 0.5 ml concentrated 

HCl plus 1 ml of each pulverized and 1 ml non-pulverized C. odorata was treated 

with some Wagner’s reagent. Reddish brown appearance produced proof for 

alkaloids (Hassan et al., 2020) in pulverized C. odorata extract and reddish colour in 

non-pulverized C. odorata extract.  

6. Flavonoids evaluation — was carried out on the pulverized and non-

pulverized C. odorata for flavonoids determination as a chemical constituent of the 

extract. 1 ml each of the extract was treated by careful addition of 0.1 ml of 

concentrated hydrochloric acid, which instantly gave red colour due to presence of 

flavonoids (Rao et al., 2016). 

7. Cardiac glycosides analysis — C. odorata extract both pulverized and not-

pulverized 1 ml each was mixed with 1 ml glacial acetic acid further added with 0.1 

ml FeCl3 solution. Undiluted H2SO4 of 1 ml was slowly involved. Brownish red 

colour formed described positive test (Shukla et al., 2013). 
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8. Protein determination — some mercuric nitrate was reacted with same 

amount of pulverized C. odorata extract and non-pulverized C. odorata extract 

differently. There was formation of white precipitate that changed to red when 

heated, which indicated presence of protein (Yadav & Agarwala, 2011). 

9. Carbohydrates analysis — C. odorata extract in pulverized and non-

pulverized of 1 ml each was reacted with 1 ml of Benedict's solution and slightly 

heated. Precipitated red colour produced was attributed to presence of carbohydrate 

(Narasimhan & Sathiyavani, 2014). 

10. Test for anthraquinones — pulverized and non-pulverized C. odorata 

leaves each of 0.2 ml filtrate with little quantity of CHCl3 was shaken for some 

minutes. Few drops of 10% NH3 was mixed after filtered, and then gently shook. Pink 

colour was identified for the anthraquinone presence (Ajayi et al., 2011). 

11. Moisture determination — C. odorata leaves (5 g) were weighed 

repeatedly until constant weight (W3) was obtained for moisture content 

determination treatment. It was carried out in triplicates and average (4.76 g) 

calculated. The moisture lost (0.24 g) was determined according to percentage 

moisture content calculation method (Park & Bell, 2002). 

12. Ash content analysis — leaves (5 g) of the plant were weighed, them on hot 

plate and ignited in a furnace at 540° C which gave a whitish substance that showed 

removal of carbon (Pant et al., 2017). It was cooled in a desiccator, weighed and 

obtained 0.48 g after triplicates analysis. 

13. Crude Fibre Determination — Soxhlet extractor used to defat 5g of 

C. odorata in n–hexane according to literature (Busuttil-Griffin et al., 2015) gave 

4.40 g defatted sample digested in a mixture of some 2% H2SO4 with 2% NaOH. It 

was cooled in a desiccator after 105° C drying, 540° C ignition and weighed to obtain 

2g. The analysis was carried out in triplicates and Crude fibre content which is loss in 

weight on ignition average (2.40g) determined in percentage. 

Antimicrobial activity evaluation of C. odorata extracts was studied at different 

concentrations of 0.02, 0.04, 0.06, 0.08, and 0.1 gram per ml. Both pulverized and 

non-pulverized leaf extracts were examined against Staphylococcus aureus and 

Escherichia coli according to standard procedure (Khopade et al., 2012). The 

prepared agar mediums were then sterilized by autoclaving at a pressure of 18 psi and 

120 °C for 30 min before being seeded for the Staphylococcus aureus and 

Escherichia coli assays. The extract was added to each well-prepared pulverized and 

non-pulverized sample and compared with distilled deionized water as a control to 

obtain ±SD. 

Results and Discussion. An aqueous extract of C. odorata was analysed for 

phytochemical constituents. The constituents were examined in pulverized and non-

pulverized leaves extracted through maceration method. Effectiveness of the 

maceration method has been attributed to the constituents' movement to low from 

higher concentration. The extraction process was void of heating, which in a way 

gave assurance for preservation of thermolabile active constituents (Warsi & 

Sholichah, 2017). Effect due to difference between pulverization and non-

pulverization, demonstrated shift in phytochemical profile by occurrence of slight 

discrepancies in the evaluated constituents. Analysis of the C. odorata for 
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phytochemical agents in pulverized and non-pulverized leaves extract based on 

chemical properties indicated positive Flavonoid, protein, carbohydrate, others 

(Table 1). 

 

Table 1. Phytochemical constituents of pulverized and non-pulverized C. odorata 

leaves extract 

Phytochemical 

constituents 

Chromolaena odorata leaves extract colour 

pulverized non-pulverize 

Terpenoids deep green   light green 

Sterols reddish, greenish yellow light greenish yellow 

Saponins high honeycomb foaming honeycomb foaming 

Tannins blue-black blue 

Alkaloids reddish brown red 

Flavonoids deep red light red 

Cardiac glycosides brownish red reddish 

Protein white precipitate-red less precipitate-red 

Carbohydrates precipitate-red less precipitate-red 

Anthraquinones pink light pink 

 

The difference in colour, honeycomb foaming and precipitate formation of the 

constituents in the pulverized involved small particle size and non-pulverized extracts 

was attributed to pulverization and non-pulverization effect which was the only 

uncommon factor to the C. odorata leaves extract analysis. Terpenoids showed deep 

green for the pulverized and light green for the non-pulverized, while Sterols 

indicated reddish, greenish yellow for the pulverized compared with light greenish 

yellow observed for the non-pulverized. The characteristic honeycomb foaming for 

Saponins (Sandeep et al., 2014) was high for the pulverized, but not as high for the 

non-pulverized. Tannins, alkaloids, flavonoids and cardiac glycosides produced blue-

black, reddish-brown, deep-red and brown-red for the pulverized in comparison with 

blue, red, light red and reddish colours for the non-pulverized respectively. Protein 

and carbohydrate which were also tested positive reflected more precipitate for the 

pulverized than non-pulverized in both cases. The slight differences in the 

phytochemical profile suggested presence of the chemical composition in higher 

concentration in the pulverized extract than the non-pulverized due to decrease in 

particle size which increased surface area and pore volume (Zhao et al., 2014) of the 

pulverized C. odorata leaves compared with the non-pulverized leaves. 

Terpenoids test — Presence of terpenoids was demonstrated by green colour 

after treatment with chloroform, acetic anhydride and concentrated sulphuric acid in 

agreement with literature (Theeba, & Kumar, 2015). Deep green was observed for the 

pulverized leaves extract, while light green was shown by the non-pulverized extract. 

Sterols — Phytochemical screening of the C. odorata leaves extract was 

positive for the sterols test through addition of chloroform later mixed with 

concentrated sulphuric acid, as earlier reported (Geetha & Geetha, 2014). Pulverized 
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leaves extract gave reddish, greenish yellow, while non-pulverized gave light 

greenish yellow due to similar previous reasons. 

Saponins — Persisted honeycomb bubbles emission in both the pulverized and 

non-pulverized C. odorata leaves extracts gave affirmation of saponins (Sandeep et 

al., 2014). The pulverized leaves foaming intensity was observed to be more than the 

non-pulverized leaves extract, which suggested higher concentration of saponins in 

the pulverized than non-pulverized. This could be attributed to particles size 

variation, which increased surface area and pore volume (Rao et al., 2016) in the 

pulverized leaves extract. 

Tannins — Tannins proportion in the pulverized and non-pulverized leaves 

extracts was assessed by concentration difference exhibited by colour changes, where 

blue-black was obtained for higher concentration in the pulverized and blue colour 

for less availability in the non-pulverized when subjected to distilled deionized water 

addition before reaction with ferric chloride. 

Alkaloids — Precipitate formed after addition of Wagner’s reagent to the 

pulverized and non-pulverized C. odorata extracts indicated a reaction that occurred 

between the available electron nitrogen constituted alkaloids and the Wagner’s 

reagent potassium ion similarly reported (Warsi, & Sholichah, 2017). Reddish brown 

precipitate was observed for the high alkaloids concentrated pulverized leaves extract 

while red precipitate was seen for the less alkaloids concentrated non-pulverized 

leaves extract which displayed effect between the pulverization and non-pulverization 

resulted from particle sizes that allowed for the more alkaloids in pulverized leaves 

extract than the non-pulverized. 

Flavonoid — Red colour indicated presence of flavonoids in both pulverized 

and non-pulverized when treated with concentrated hydrochloric acid, in agreement 

with report in literature (Rao et al., 2016). However, variation in colour for pulverized 

leaves extract (deep red) against light red for non-pulverized leaves extract might be 

due to different flavonoid concentration effect between the pulverized and non-

pulverized. The deep red colour which suggested higher concentration of flavonoid in 

the pulverized leaves extract could be attributed to decrease in particle size which 

increased surface area and pore volume (Zhao et al., 2014) of the pulverized leaves 

compared with the non-pulverized leaves. 

Cardiac glycosides — Cardiac glycosides test was carried out and gave 

brownish red colour for pulverized leaves extract and reddish colour for non-

pulverized leaves extracts, which acted as a pointer to variation in the cardiac 

glycosides' concentration. 

Protein — Protein which was tested positive reflected more precipitate for the 

pulverized leaves extract than non-pulverized following reaction of the C. odorata 

leaves extract with mercuric nitrate. There was formation of white precipitate that 

changed to red when heated, which indicated the presence of protein (Yadav & 

Agarwala, 2011). 

Carbohydrates — Benedict's solution when added to C. odorata leaves extract 

and slightly heated produced red precipitate that showed presence of carbohydrate 

(Narasimhan & Sathiyavani, 2014) observed to be more in the pulverized than non-
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pulverized extract due to higher concentration of the carbohydrate in the pulverized 

as a result of pulverization effect. 

Anthraquinones — C. odorata leaves extract mixed with chloroform later 

reacted with ammonia according to procedure in literature gave pink colour in 

demonstration of anthraquinone (Ajayi et al., 2011). The colour was lighter in the 

non-pulverized extract than pulverized. This suggested higher concentration of the 

anthraquinones in pulverized than the non-pulverized, which might be attributed to 

decrease in particle size that led to increased surface area and pore volume (Zhao et 

al., 2014). 

Composition test — Moisture, ash content and crude fibre composition 

determined were expressed in percentage as shown in Figure 1. 

 

 

Figure 1. The percentage 

moisture, ash content and 

crude fibre in Chromolaena 

odorata leaves, % 

Moisture content analysis of the C. odorata carried out according to literature 

method (Park & Bell, 2002) gave 4.80% when calculated. Similar loss on drying of 

plant has been reported (Sandeep et al., 2014). Ash value was obtained as 9.6% 

through calculation in agreement with literature (Pant et al., 2017). Determination of 

the C. odorata crude fibre yielded 48.00%. 

Pulverized and non-pulverized C. odorata leaves of 0.02, 0.04, 0.06, 0.08 and 

0.1 gram per ml displayed inhibitory effect against S. aureus from 13 to 22 mm while 

non-pulverized extract ranged from 8 to 20 mm. 12 mm–23 mm against Escherichia 

coli for the pulverized extract compared to non-pulverized that gave 8 to 19 mm 

(Table 2). 

The inhibitory effect of the C. odorata leaf extract might be due to the properties 

of phytochemical constituents. Cardiac glucoside by literature has been reported for 

antimicrobial properties, antiparasitic, potential anticancer and treatment of diarrhea 

(Pongrakhananon, 2013). It has been reported that alkaloids have antiparasitic 

activity and have been used for the treatment of gout (Shinkafi, 2014). Tannin as an 

antidiarrheal has been known (Wakori et al., 1996). Treatment of prostate cancer 

using steroids has been reported (Marwat, 2005), which also act as hormone 

stimulators and regulators (Bruneton, 1999). Saponins have been reported as anti-

inflammatory, hypocholesterolaemia and immune-stimulating (Tamura et al., 2012), 

while activity against ulcers has been attributed to flavonoids (Pal & Verma 2013). 

Higher inhibition effects observed for the pulverized leaf extract compared with the 
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non-pulverized suggested more active phytochemical constituents per equal ml of the 

former than the latter due to a higher particular boundary with a larger pore volume 

pulverized more than non-pulverized, which might have increased contact that led to 

higher inhibition. It agreed with literature where superfine pulverized plant powders 

performed better than fine pulverized powders (Riley et al., 2008). Different 

concentrations of the C. odorata leaf extract demonstrated different inhibitory zones. 

 

Table 2. Antimicrobial activity of C. odorata extracts on Staphylococcus aureus 

and Escherichia coli (inhibition zone, mm) 

Bacterium species and 

treatment source 

Extract concentration (mg/mL) Distilled 

deionized 

water 

(control) 

20 40 60 80 100 

Staphylococcus aureus 

pulverized leaves extract  
13 15 18 21 22 0 

Staphylococcus aureus 

non-pulverized leaves extract 
8 12 14 17 20 0 

Escherichia coli  

pulverized leaves extract  
12 16 18 20 23 0 

Escherichia coli 

non-pulverized leaves extract 
8 14 15 18 19 0 

 

Conclusions. Water was able to extract active ingredients from the C. odorata 

leaves. Constituents’ composition screening displayed the presence of some 

phytochemical agents. The presence of phytochemical constituents was associated 

with the C. odorata leaves antimicrobial property. The study was able to compare the 

difference between the pulverized and non-pulverized C. odorata leaves. The 

research work showed that pulverized C. odorata leaf extract was more effective than 

non-pulverized extract against the selected microorganisms. The higher inhibition 

observed for the pulverized leaves than the non-pulverized leaves could be due to 

more ingredients in the former than the latter. The sterile water that was used as a 

control did not show any inhibition against the selected microorganisms. 

 

References 

Abubakar, A. R., & Haque, M. (2020). Preparation of medicinal plants: Basic 

extraction and fractionation procedures for experimental purposes. Journal of 

pharmacy & bioallied sciences. Vol. 12. No. 1. P. 1–10. DOI: 

https://doi.org/10.4103/jpbs.JPBS_175_19. 

Ajayi, I. A., Ajibade, O., & Oderinde, R. A. (2011). Preliminary phytochemical 

analysis of some plant seeds. Research Journal of Chemical Sciences. Vol. 1. No 3. 

P. 58–62. 

Akinmoladun, A. C., Ibukun, E. O., & Dan-Ologe, I. A. (2007). Phytochemical 

constituents and antioxidant properties of extracts from the leaves of Chromolaena 

odorata. Scientific Research and Essay. Vol. 2. No 6. P. 191–194. 

https://doi.org/10.4103/jpbs.JPBS_175_19


ISSN: 2707-3114 Journal of Native and Alien Plant Studies 19, 2023 10 

Alamgir, A. N. M. (2017). Drugs: their natural, synthetic, and biosynthetic 

sources. Therapeutic Use of Medicinal Plants and Their Extracts. Vol. 1. 

Pharmacognosy. Cham: Springer. P. 105–123. DOI: https://doi.org/10.1007/978-3-

319-63862-1_4. 

Asase, A., Kokubun, T., Grayer, R. J., Kite, G., Simmonds, M. S., Oteng‐

Yeboah, A. A., & Odamtten, G. T. (2008). Chemical constituents and antimicrobial 

activity of medicinal plants from Ghana: Cassia sieberiana, Haematostaphis barteri, 

Mitragyna inermis and Pseudocedrela kotschyi. Phytotherapy research. Vol. 22. No 

8. P. 1013–1016. DOI: https://doi.org/10.1002/ptr.2392. 

Asteraceae Bercht. & J.Presl (2023). Plants of the World Online. Facilitated by 

the Royal Botanic Gardens, Kew. Published on the Internet. URL: 

https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:319342-2. (Accessed 10 

August 2023). 

Berg, B., McClaugherty, C., Berg, B., & McClaugherty, C. (2020). Decomposer 

organisms. Plant Litter: Decomposition, Humus Formation, Carbon Sequestration. 

Cham: Springer. P. 45–65. DOI: . https://doi.org/10.1007/978-3-662-05349-2-3.  

Bruneton, J. (1999). Pharmacognosy: Phytochemistry, Medicinal Plants, 

[Second edition]. Paris: Lavoisier Publisher. 1119 p. 

Busuttil-Griffin, F., Shoemake, C., Attard, E., & Azzopardi, L. M. (2015). Crude 

fibre determination of Malva sylvestris L. and evaluation of its faecal bulking and 

laxative properties in rats. International Journal of Biology. Vol. 7. No 4. P. 1–8. 

DOI: https://doi.org/10.5539/ijb.v7n4p1. 

Enright, M. C., Robinson, D. A., Randle, G., Feil, E. J., Grundmann, H., & 

Spratt, B. G. (2002). The evolutionary history of methicillin-resistant Staphylococcus 

aureus (MRSA). Proceedings of the National Academy of Sciences. Vol. 99. No 11. 

P. 7687–7692. DOI: https://doi.org/10.1073/pnas.122108599. 

Eze, F. N., & Jayeoye, T. J. (2021). Chromolaena odorata (Siam weed): A 

natural reservoir of bioactive compounds with potent anti-fibrillogenic, antioxidative, 

and cytocompatible properties. Biomedicine & Pharmacotherapy. Vol. 141. 

P. 111811 (1–11). DOI: https://doi.org/10.1016/j.biopha.2021.111811. 

Forterre, P. (2010). Defining life: the virus viewpoint. Origins of Life and 

Evolution of Biospheres. Vol. 40. P. 151–160. DOI: https://doi.org/10.1007/s11084-

010-9194-1. 

Geetha, T. S., & Geetha, N. (2014). Phytochemical screening, quantitative 

analysis of primary and secondary metabolites of Cymbopogan citratus (DC) Stapf. 

leaves from Kodaikanal hills, Tamilnadu. International Journal of pharmtech 

research. Vol. 6. No 2. P. 521–529. 

Harfiani, E., Nugraha, Y., Aprilia, C. A., Makkiyah, F. A., Puspita, R., 

Kharisma, V. D., ... & Zainul, R. (2022). The phytochemical and pharmacological 

activity of extract Kirinyuh (Chromolaena odorata L.) leaves: A 

Review. Pharmacognosy Journal. Vol. 14. No 5. P. 580–586. 

Hassan, A., Akmal, Z., & Khan, N. (2020). The phytochemical screening and 

antioxidants potential of Schoenoplectus triqueter L. Palla. Journal of Chemistry, 

Vol. 2020. Article ID 3865139. P. 1–8. DOI: https://doi.org/10.1155/2020/3865139. 

https://doi.org/10.1007/978-3-319-63862-1_4
https://doi.org/10.1007/978-3-319-63862-1_4
https://doi.org/10.1002/ptr.2392
https://powo.science.kew.org/taxon/urn:lsid:ipni.org:names:319342-2
https://doi.org/10.1007/978-3-662-05349-2-3
https://doi.org/10.5539/ijb.v7n4p1
https://doi.org/10.1073/pnas.2005331117
https://doi.org/10.1016/j.biopha.2021.111811
https://doi.org/10.1007/s11084-010-9194-1
https://doi.org/10.1007/s11084-010-9194-1
https://doi.org/10.1155/2020/3865139


ISSN: 2707-3114 Journal of Native and Alien Plant Studies 19, 2023 11 

Holmes, R. K. & Jobling M. G. (1996). Genetics. Medical Microbiology. [Ed.: 

Samuel Baron]. Galveston: University of Texas Medical Branch at Galveston. Ch. 5. 

URL: https://www.ncbi.nlm.nih.gov/books/NBK7908/. (Accessed 10 August 2023). 

Hosseini, A., Shorofi, S. A., Davoodi, A., & Azadbakht, M. (2018). Starting 

dose calculation for medicinal plants in animal studies; recommendation of a simple 

and reliable method. Res J Pharmacogn. Vol. 5. No 2. P. 1–7. DOI: 

https://doi.org/10.22127/RJP.2018.58474. 

Huang, J., Li, Q., Sun, D., Lu, Y., Su, Y., Yang, X., ... & Chen, C. (2007). 

Biosynthesis of silver and gold nanoparticles by novel sundried Cinnamomum 

camphora leaf. Nanotechnology. Vol. 18. No 10, P. 105104 (1–12). DOI: 

https://doi.org/10.1088/0957-4484/18/10/105104. 

Khopade, A., Biao, R., Liu, X., Mahadik, K., Zhang, L., & Kokare, C. (2012). 

Production and stability studies of the biosurfactant isolated from marine 

Nocardiopsis sp. B4. Desalination. Vol. 285. P. 198–204. DOI: 

http://dx.doi.org/10.1016/j.desal.2011.10.002. 

Marwat, G. A., Khan, A. R., Hussain, I., & Kalsoom, S. (2005). Review on 

naturally occurring steroids. Journal of the chemical society of Pakistan. Vol. 27. No 

4. P. 443–450. 

Mussarat, S., Ali, R., Ali, S., Mothana, R. A., Ullah, R., & Adnan, M. (2021). 

Medicinal animals and plants as alternative and complementary medicine in southern 

regions of khyber Pakhtunkhwa, Pakistan. Frontiers in Pharmacology. Vol. 12. P. 

649046 (1–17). DOI: https://doi.org/10.3389/fphar.2021.649046. 

Narasimhan, R. & Sathiyavani (2014). Phytochemical Screening and Evaluation 

of Protein content in the Seed extracts of Cucurbita maxima. International journal of 

pharmacy & life sciences. Vol. 5. No 7. P. 3637–3642. 

Okpashi, V. E., Bayim, P. R., & Obi-Abang, M. (2014). Antimcrobial effect of 

independence leaves (Chromolaena odorata) extracts. International Journal of 

Scientific & Engineering Research. Vol. 5. No 5. P. 949–955. 

Pal, D., & Verma, P. (2013). Flavonoids: A powerful and abundant source of 

antioxidants. International Journal of Pharmacy and Pharmaceutical Sciences. 

Vol. 5. No 3. P. 95–98. 

Pandith, H., Zhang, X., Thongpraditchote, S., Wongkrajang, Y., Gritsanapan, 

W., & Baek, S. J. (2013). Effect of Siam weed extract and its bioactive component 

scutellarein tetramethyl ether on anti-inflammatory activity through NF-κB 

pathway. Journal of ethnopharmacology. Vol. 147. No 2. P. 434–441. DOI: 

http://dx.doi.org/10.1016/j.jep.2013.03.033. 

Pant, D. R., Pant, N. D., Yadav, U. N., & Khanal, D. P. (2017). Phytochemical 

screening and study of antioxidant, antimicrobial, antidiabetic, anti-inflammatory and 

analgesic activities of extracts from stem wood of Pterocarpus marsupium 

Roxburgh. Journal of Intercultural Ethnopharmacology. Vol. 6. No 2. P. 170–176. 

DOI: https://doi.org/10.5455/jice.20170403094055. 

Park, Y. W., & Bell, L. N. (2002). Determination of moisture and ash contents 

of foods. Handbook of Food Analysis. New York: Marcel Dekker, Inc. P. 55–82. 

https://www.ncbi.nlm.nih.gov/books/NBK7908/
https://doi.org/10.22127/RJP.2018.58474
https://doi.org/10.1088/0957-4484/18/10/105104
http://dx.doi.org/10.1016/j.desal.2011.10.002
https://doi.org/10.3389/fphar.2021.649046
http://dx.doi.org/10.1016/j.jep.2013.03.033
https://doi.org/10.5455/jice.20170403094055


ISSN: 2707-3114 Journal of Native and Alien Plant Studies 19, 2023 12 

Petrovska, B. B. (2012). Historical review of medicinal plants’ usage. 

Pharmacognosy reviews. Vol. 6. No. 11. P. 1–5. DOI: https://doi.org/10.4103/0973-

7847.95849. 

Ponarulselvam, S., Panneerselvam, C., Murugan, K., Aarthi, N., Kalimuthu, K., 

& Thangamani, S. (2012). Synthesis of silver nanoparticles using leaves of 

Catharanthus roseus Linn. G. Don and their antiplasmodial activities. Asian Pacific 

journal of tropical biomedicine.Vol. 2 No 7. P. 574–580. DOI: 

https://doi.org/10.1016/S2221-1691(12)60100-2. 

Pongrakhananon, V. (2013). Anticancer properties of cardiac glycosides. Cancer 

Treatment—Conventional and Inn  ovative Approaches. [Ed.: Leticia Rangel]. 

BoD—Books on Demand. Ch. 3. P. 65–83. DOI: http://dx.doi.org/10.5772/55381. 

Prasathkumar, M., Anisha, S., Dhrisya, C., Becky, R., & Sadhasivam, S. (2021). 

Therapeutic and pharmacological efficacy of selective Indian medicinal plants—A 

review. Phytomedicine Plus. Vol. 1. No 2. P. 100029 (1–28). DOI: 

https://doi.org/10.1016/j.phyplu.2021.100029. 

Rao, U. S. M., Abdurrazak, M., & Mohd, K. S. (2016). Phytochemical 

screening, total flavonoid and phenolic content assays of various solvent extracts of 

tepal of Musa paradisiaca. Malaysian Journal of Analytical Sciences. Vol. 20. No 5. 

P. 1181–1190. DOI: http://dx.doi.org/10.17576/mjas-2016-2005-25. 

Riley, C. K., Adebayo, S. A., Wheatley, A. O., & Asemota, H. N. (2008). 

Surface properties of yam (Dioscorea sp.) starch powders and potential for use as 

binders and disintegrants in drug formulations. Powder Technology. Vol. 185. No 3, 

P. 280–285. DOI: https://doi.org/10.1016/j.powtec.2007.10.028. 

Rufai, Y., Isah, Y., & Isyaka, M. S. (2016). Comparative phyto-constituents 

analysis from the root bark and root core extractives of Cassia ferruginea (schrad D. 

C) plant. Scholars Journal of Agriculture and Veterinary Sciences. Vol. 3. No 4. 

P. 275–283. 

Sandeep, K., Singh, B. B., & Narinder, K. (2014). Physico-chemical and 

phytochemical investigation of plant Sesbania sesban. Research Journal of 

Pharmaceutical, Biological and Chemical Sciences.Vol. 5. No 1. P. 110–117.  

Shinkafi, S. A. (2014). Phytochemical analysis and chromatographic studies of 

Pergularia tomentosa L. and Mitracarpus scaber Zucc. Microbiology 

Research   Journal International. Vol. 4. No. 5. P. 550–559. DOI: 

https://doi.org/10.9734/BMRJ/2014/3534 . 

Shukla, S., Mehta, A., & Bajpai, V. K. (2013). Phytochemical screening and 

anthelmintic and antifungal activities of leaf extracts of Stevia rebaudiana. Journal of 

Biologically Active Products from Nature. Vol. 3. No 1. P. 56–63. DOI: 

https://doi.org/10.1080/22311866.2013.782695. 

Sofowora, A., Ogunbodede, E., & Onayade, A. (2013). The role and place of 

medicinal plants in the strategies for disease prevention. African journal of 

traditional, complementary and alternative medicines. Vol. 10. No. 5. P. 210–229. 

DOI: https://doi.org/10.4314/ajtcam.v10i5.2. 

Sweileh, W. M. (2017). Global research trends of World Health Organization’s 

top eight emerging pathogens. Globalization and health. Vol. 13. Art. No 9. P. 1–19. 

DOI: https://doi.org/10.1186/s12992-017-0233-9. 

https://doi.org/10.4103/0973-7847.95849
https://doi.org/10.4103/0973-7847.95849
https://doi.org/10.1016/S2221-1691(12)60100-2
http://dx.doi.org/10.5772/55381
https://doi.org/10.1016/j.phyplu.2021.100029
http://dx.doi.org/10.17576/mjas-2016-2005-25
https://doi.org/10.1016/j.powtec.2007.10.028
https://doi.org/10.1080/22311866.2013.782695
https://doi.org/10.4314/ajtcam.v10i5.2
https://doi.org/10.1186/s12992-017-0233-9


ISSN: 2707-3114 Journal of Native and Alien Plant Studies 19, 2023 13 

Tamura, Y., Miyakoshi, M., & Yamamoto, M. (2012). Application of saponin-

containing plants in foods and cosmetics. Alternative medicine. Rijeka, Croatia: 

InTech. Ch. 5. P. 85–101. DOI: http://dx.doi.org/10.5772/53333. 

Theeba, C. G. P., & Kumar, S. R. (2015). Phytochemical examination, 

antioxidant potential and in vitro antibacterial studies of crude extracts of Parthenium 

hysterophorus Linn. leaves. Journal of Chemical and Pharmaceutical Research. 

Vol. 7. No. 4. P. 219–225. 

Vijayaraghavan, K., Rajkumar, J., Bukhari, S. N. A., Al-Sayed, B., & Seyed, M. 

A. (2017). Chromolaena odorata: A neglected weed with a wide spectrum of 

pharmacological activities. Molecular medicine reports. Vol. 15. No 3. P. 1007–

1016. DOI: https://doi.org/10.3892/mmr.2017.6133. 

Wachtel-Galor, S., & Benzie, I. F. (2011). Herbal medicine: an introduction to 

its history, usage, regulation, current trends, and research needs. Herbal medicine: 

biomolecular and clinical aspects. [Eds.: Iris F. F. Benzie & Sissi Wachtel-Galor]. 

Boca Raton: CRC Press Taylor & Francis Group. Ch. 1. P. 1–10. URL: 

https://ds.amu.edu.et/xmlui/bitstream/handle/123456789/14991/Herbal%20Medicine

%20-%20%20Biomolecular%20and%20Clinical%20Aspects%20-

%20488%20pages.pdf?sequence=1&isAllowed=y. (Accessed 10 August 2023). 

Wakori, E. K., Kofi, W. M., Kioy, D. W., Aluoch, J. A., Rukunga, G. M., & 

Thairu, K. (1996). The various uses of Ajuga remota in traditional medicine in 

relation to their therapeutic values. Advances in the Diagnosis, Treatment and 

Prevention of Immunizable Diseases in Africa: Proceedings of the 7th Annual 

Medical Scientific Conference. Nairobi: Kenya Medical Research Institute. Paper No. 

10/86. 

Warsi, & Sholichah, A. R. (2017). Phytochemical screening and antioxidant 

activity of ethanolic extract and ethyl acetate fraction from basil leaf (Ocimum 

basilicum L.) by DPPH radical scavenging method. Materials Science and 

Engineering. Vol. 259. No. 1. P. 012008 (1–10). DOI: http://doi:10.1088/1757-

899X/259/1/012008. 

Woods, L. C., Gorrell, R. J., Taylor, F., Connallon, T., Kwok, T., & McDonald, 

M. J. (2020). Horizontal gene transfer potentiates adaptation by reducing selective 

constraints on the spread of genetic variation. Proceedings of the National Academy 

of Sciences. Vol. 117. No 43. P. 26868–26875. DOI: 

https://doi.org/10.1073/pnas.2005331117. 

Yadav, R. N. S., & Agarwala, M. (2011). Phytochemical analysis of some 

medicinal plants. Journal of phytology. Vol. 3. No 12. P. 10–14. 

Yahya, M. F. Z. R., Ibrahim, M. S. A., Zawawi, W. M. A. W. M., & Hamid, U. 

M. A. (2014). Biofilm killing effects of Chromolaena odorata extracts against 

Pseudomonas aeruginosa. Research Journal of Phytochemistry. Vol. 8. No 53. P. 64–

73. DOI; http://dx.doi.org/10.3923/rjphyto.2014.64.73. 

Zahara, M. (2019). Description of Chromolaena odorata as medicinal plant. 1st 

South Aceh International Conference on Engineering and Technology IOP 

Conference Series: Materials Science and Engineering. Vol. 506. P. 012022 (1–6). 

DOI: http://dx.doi.org/10.1088/1757-899X/506/1/012022.  

http://dx.doi.org/10.5772/53333
https://doi.org/10.3892/mmr.2017.6133
https://ds.amu.edu.et/xmlui/bitstream/handle/123456789/14991/Herbal%20Medicine%20-%20%20Biomolecular%20and%20Clinical%20Aspects%20-%20488%20pages.pdf?sequence=1&isAllowed=y
https://ds.amu.edu.et/xmlui/bitstream/handle/123456789/14991/Herbal%20Medicine%20-%20%20Biomolecular%20and%20Clinical%20Aspects%20-%20488%20pages.pdf?sequence=1&isAllowed=y
https://ds.amu.edu.et/xmlui/bitstream/handle/123456789/14991/Herbal%20Medicine%20-%20%20Biomolecular%20and%20Clinical%20Aspects%20-%20488%20pages.pdf?sequence=1&isAllowed=y
http://doi:10.1088/1757-899X/259/1/012008
http://doi:10.1088/1757-899X/259/1/012008
https://doi.org/10.1073/pnas.2005331117
http://dx.doi.org/10.3923/rjphyto.2014.64.73
http://dx.doi.org/10.1088/1757-899X/506/1/012022


ISSN: 2707-3114 Journal of Native and Alien Plant Studies 19, 2023 14 

Zhao, G., Liang, X., Wang, C., Liao, Z., Xiong, Z., & Li, Z. (2014). Effect of 

superfine pulverization on physicochemical and medicinal properties of Qili Powder. 

Revista Brasileira de Farmacognosia. Vol. 24. No 5. P. 584–590. DOI: 

https://doi.org/10.1016/j.bjp.2014.09.006. 

https://doi.org/10.1016/j.bjp.2014.09.006

