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Abstract 

Water hyacinth (Echhornia crassipes) has 

become one of the world's worst weeds due 

to rapid proliferation rate and ability to 

quickly spread over the surface of fresh 

water bodies despite abundant 

phytochemical content. Candida albicans is 

an opportunistic fungal pathogen causing 

candidiasis fungal infection in humans in 

the presence of predisposing factors. The 

present study aimed to evaluate phenolic 

composition of aquatic and 

hydromethanolic extracts of water 

hyacinth, and its antifungal effect on 

standard strain of Candida albicans. Dry 

leaf powder of water hyacinth was soaked 

in 80% methanol and water to prepare 

extracts under in vitro. Spectrophotometric 

assays were used to determine total 

phenolic and flavonoid contents of the  

 

extracts. Antifungal activity of the extracts 

against Candida albicans was evaluated.  

The growth inhibition zone diameter was 

assessed using agar diffusion assays at 6.3,  

12.5, 25, 50 and 100 mg/ml concentrations. 

Total phenolic contents of aqueous and 

hydromethanolic extracts were 491.1 ± 

31.9 and 76.8 ± 7.8 mg gallic acid/gr and 

total flavonoid contents were 258.3 ± 0.8 

and 46.1 ± 6 mg quiricetin/g. Both extracts 

showed inhibitory effect on Candida 

albicans at 50 and 100 mg/ml 

concentrations. Inhibitory effect of the 

hydromethanolic extract of water hyacinth 

on Candida albicans strains was 

significantly higher than aqueous extract of 

the plant (P≤0.05). Phenolic compounds 

and other secondary metabolites of the 

extracts play an important role in antifungal 

activity of the plant.  
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Introduction 

Water hyacinth is native to Brazil. It was 

first found in Aynak Lagoon in Gilan 

province in 2012 (Mozaffarian and 

Yaghoubi, 2015). Rapid growth rate of the 

plant guarantees that water hyacinth can be 

doubled within a week to ten days under 

appropriate ecological condition (Khatun et 

al., 2014). Water hyacinth has been 

identified by the International Union for 

Conservation of Nature (IUCN) as one of 

the 100 most aggressive invasive species 

and recognized as one of the top 10 worst 

weeds in the world (Téllez et al., 2008). 

Stems and leaves of water hyacinth were 

used to treat swelling and wounds since 

ancient times (Rorong et al., 2012). Studies 

have shown that the plant can be used as an 

effective drug to treat cancer and combat 

clinical and aqueous microbial infections in 

vitro due to its active compounds and 

secondary metabolites (Jayanthi and Lalita, 

2013; Thamaraiselvi and jayanthi, 2012; 

Rufchaie et al., 2018). 

Fungi are known as one of the most 

common pathogens worldwide and are still 

the leading cause of morbidity and 

mortality despite advancement of scientific 

knowledge. Candida albicans in people 

with compromised immune systems due to 

AIDS, cancer, bone marrow 

transplantation, solid organ transplantation, 

etc. causes infections that later lead to death 

(Menon et al., 2001). Chemical antifungal 

drugs might not only act on infected cells 

but also interact with host tissue cells since 

fungi like humans consist of eukaryote cells 

(Falahati et al., 2012). Therefore, natural 

agents such as medicinal plants are recently 

used to treat fungal diseases since the herbs 

have fewer side effects (Rafieian-Kopaei et 

al., 2016). The habitat and ecological 

conditions of the plants determine the 

amount and composition of active 

compounds of the plant (Jafari Nodoushan 

et al., 2007). The present study sought to 

take advantage of active compounds of this 

invasive plant and turn the challenge into 

opportunity by accelerated proliferation of 

therapeutic effects. Efficient use of this 

weed not only reduces its detrimental effect 

on the environment, but also offers a 

valuable oral supplement. 

Material and  Method 

Sample Collection and Extraction 

Water hyacinth was transferred from 

Anzali Lagoon to food and live feeding 

station in Anzali Port. Scientific name of 

the plant was confirmed in systematic 

classification system of weeds (Holm et al., 

1977). Leaves were isolated from the plant, 

washed with water, dried at 30 ° C and then 

grinded in a mill. The leaf powder was 

soaked in two solvents of water and 80% 

hydromethanol for 48 hours to prepare 

extracts. It was repeated three times. The 
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extracts were filtered through a filter paper 

and concentrated using vacuum distillation 

process at 40°C (Arabshahi-Delouee and 

Urooj, 2007). The extracts were kept in the 

freezer at 20°C until the test. 

Total phenolic content measurement 

Total phenolic content of the extract was 

measured using the Folin and Ciocalteu 

reagent with slight modification (Chaouche 

et al., 2013). Ten milligrams of water 

hyacinth powder was dissolved in one 

milliliter of water. Then, 100 µl (1 mg) of 

the suspension was mixed with 2.8 ml of 

water, 2 ml of 2% sodium carbonate and 0.1 

ml 50% Folin for 30 minutes and left at 

room temperature. The absorbance was 

measured by the spectrophotometer and 

read at 750 nm. Total phenolic content was 

calculated as mg gallic acid equivalent per 

g using the equation from the calibration 

curve.

Total flavonoid content measurement 

Ten milligram of extract powder was 

dissolved separately in 5 ml of water. Then, 

0.5 ml (1 mg) of the suspension was added 

to 1.5 ml of 95% ethanol, 100 µl of 10% 

AlCl3, 100 µl of 1M potassium acetate, and 

2.8 ml of water. The mixture was incubated 

at 20°C for 40 minutes. Its absorbance was 

measured by the spectrophotometer and 

read at 415 nm. Quercetin was prepared 

through serial dilution and its concentration 

was determined according to the standard 

curve (Meda et al., 2005). 

Biometric Test (Antifungal Activity Test) 

Antifungal activity of aqueous and 

hydromethanolic extracts of water hyacinth 

was evaluated against Candida albicans 

(standard number = ATCC10231) in this 

test 

Evaluation of antifungal effect of 

extracts - well diffusion method 

Antifungal activity of different extracts of 

water hyacinth against various pathogens 

was investigated by measuring diameter of 

growth inhibition zone using well diffusion 

method. To prepare the inocula, yeast cell 

suspensions were adjusted to match the 

turbidity of a 0.5 McFarland standard (1.5 x 

108 108 cfu / mL). The fungal specimens 

were streaked into the Sabouraud Dextrose 

Agar (SDA) using sterile swabs to obtain 

uniform fungal culture. Then, wells in 6 

mm diameter were drilled in the medium 

using sterile Pasteur pipettes. The wells 

were coated with 20 µL of fused media. The 

plates were refrigerated for 15 minutes. 

Then, 50 µl of each extract was prepared at 

concentrations of 6.3, 12.5, 25, 50 and 100 

mg/ml. Prepared extracts were poured into 

the well. The plates were incubated at 37°C 

for 24 hours. Bacterial susceptibility or 

resistance to different extracts was assessed 

by measuring diameter of growth 

inhibition. Extraction solvents were used as 

negative control and nystatin antifungal 

disk (100 I.U) as positive control (CLSI, 

2012). 
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Determination of minimum inhibitory 

concentration (MIC) 

MIC was determined based on clinical and 

laboratory standard institute (CLSI) 

guidelines. A stock solution of extracts was 

prepared using DMSO solvent. A serial 

dilution of the stock (from 128 to 0.06 

mg/ml) was also prepared in 96-well plates 

using SDA. A suspension of the fresh 

culture (18–24 h) of 0.5 McFarland 

standard media was also prepared using 

saline solution. A suspension of the latter + 

SDA at a ratio of 1: 100 (suspension to 

SDA) was prepared and added to each well 

(1.5 x 106 CFU/ml) to reduce final 

concentration of the well to half of the 

origin. The plates containing serial dilution 

of the sample and fungi were incubated at 

37°C. Turbidity of the wells was assessed 

and MIC was determined as mg/ml. 

Resazurin reagent was used in case that the 

extract dissolved in the culture media and 

made the culture turbid. Resazurin was 

used to distinguish inhibited wells from 

non-inhibited wells. All MIC determination 

tests were repeated three times. Some wells 

were used as negative control for quality 

control (wells containing only 200 µL of 

liquid culture medium). 

Determination of minimum fungicidal 

concentration (MFC) 

MFC shows the concentration of the extract 

that kills 99.9% of fungi. After MIC 

determination, 100 microliters of each 

inhibited well was shaken and grown on 

SDA in form of lawns. The wells were 

heated at a suitable temperature for 24 

hours. MFC was determined in the wells 

with inhibited fungal growth. 

Data analysis method 

The tests were repeated three times to 

compare antifungal activity of the extracts. 

SPSS v.18, one-way ANOVA, Duncan test, 

and Tukey test were used to analyze the 

difference between the means at 0.05 

significance level. The independent t-test 

was used to evaluate antifungal activity of 

the extract after ensuring normal data 

distribution. 

Result

Table1: Comparison of total phenol and flavonoid values of aqueous and  hydromethanol 

E. crassipes extract  

 

Data in the same colume  with different 

letters are significantly different (P < 0.05). 

Values are mean ± SE 

 

Table 1 shows that total phenolic content of 

hydromethanolic extract was higher than 

aqueous extract of water hyacinth 

(491.2±31.9 vs. 258.3±10.8 mg gallic acid 

per gram of dry sample) (P≤0.05). Total 

flavonoid content of hydromethanolic 

extract was also significantly higher than 

(mg  Quercetin /g DW) Total 

flavonoid  

 ( mg Galic acid/g DW) Total phenol  Solvent 

76/8±7/8 a 491/2± 31/9  a Aqueous 

46/1±6/0 b 258/3±10/8 b Hydro-methanol 
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aqueous extract of water hyacinth 

(76.8±7.8 vs. 46.1±6 mg quercetin per gram 

of dry plant) (P≤0.05). Table 2 shows 

greater inhibitory effect of 

hydromethanolic extract (28.3±0.3 mm) 

against Candida albicans compared to 

aqueous extract at 100 mg/ml 

concentration. The results also showed 

significantly greater antifungal activity as 

concentration of the extract increased 

(p≤0.05). Independent t-test results showed 

that hydromethanolic extract had 

significantly richer phenolic content and 

greater antifungal effect than aqueous 

extract at most studied concentrations 

(p≤0.05). 

Table 3 shows MIC was determined in the 

hydromethanolic extract and MFC was 

estimated as 32 mg/ml in this extract. 

 

Table2: Antifungal activity of E. crassipes  hydro-methanol and aqueous extracts against 

different candida sp. based on well diffusion method. 

 

 

⃰ Standard nistatin discs (100 I.U)  ⃰ ⃰ DMSO Data in the same row with different letters 

are significantly different (P < 0.05). 

Values are mean ± SE. 

 

Table 3: The MBC and MIC values of E. crassipes  hydro-methanol and aqueous extracts 

against the microorganisms tested  

 

 

 

 

 

 

Discussion 

Water hyacinth has spread widely in the 

world and extend from tropical and 

subtropical rainforests (Joshi and kaur, 

2013) to arctic areas (e.g. Peruvian 

Mountains and Clair Lake in Canada).  

 

Novel research approach aims to take 

advantage of therapeutic effects of weeds 

(turn challenge to opportunity) (Haggag et 

al., 2017). Secondary metabolites and 

active compounds guarantee medicinal 

properties of the plants (Kumar et al., 

2014). Quality and quantity of these active 

compounds are determined by the solvent 

types, the extraction method, selective 

Control Inhibition zone diameter around test disc Extract  (mg/ml) 

⃰ 

positive  

⃰⃰⃰ ⃰ 

Negative 

 100 50 25 12.5 6.3  

32a 6  28.3±0.3b 18±0.5c 11±0.6d 9±0.3e 7±0.0e Aqueous  

32a 6  18±1.0b 13.3±0.6c 9±0.5d 6 6 Hydro-methanol  

MFC(mg/ml)  MIC(mg/ml) Antifungal solution 

64<  64< Aqueous 

32  16 Hydro-Methanol 

0.005  0.005 Nistatin 
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tissue, as well as season and geographical 

location of sample collection. It is essential 

to search for effective methods to extract 

maximum active compounds of the plant 

since composition of the extract also 

determine synergistic or inhibitory effect of 

the extract (Derita et al., 2009). 

Phytochemical analysis of the extract 

revealed presence of bioactive compounds. 

Tables 3 and 4 show that the plant contains 

considerable phenolic compounds. These 

compounds were richer in the 

hydromethanolic extract than the aqueous 

extract. These results are consistent with 

the results of the study by Ho and Rorong 

(Ho et al., 2012; Rorong et al., 2012; 

Shanab et al., 2010). Antioxidant activity 

and redox capacity are directly related to 

the phenolic content (Aboul-Enein et al., 

2014; Surendraraj et al., 2013). Certain 

studies on herbaceous and medicinal plants 

have shown considerable effect of phenolic 

compounds on antioxidant activity of these 

plants (Nakatani, 2000). The results 

showed that the growth inhibition zone 

diameter against Candida albicans was 

significantly higher in hydromethanolic 

extract of water hyacinth (MIC = 16 

mg/ml). Studies have shown that alcoholic 

extract of the plant can control leaf spot 

disease caused by Fusarium in wheat in 

vivo (Haggag et al., 2017). It should be 

noted that the results under in vivo cannot 

be generalizable to in vitro and depends on 

the invading strain, the host and its 

immunological conditions as well as 

pharmacology of the plant extract (Arbabi 

Kalati et al., 2013). 

Scavenging and antioxidant activity of free 

radicals enhance as concentration of 

phenolic compounds increases since the 

number of hydroxyl groups bonded to the 

aromatic ring and the likelihood of 

hydrogen donation increase (Aboul-Enein 

et al., 2014). Antimicrobial effects of 

hydromethanolic extract of invasive water 

hyacinth was also assessed in Anzali 

Lagoon in vitro. The results indicated the 

inhibitory effects of this extract on clinical 

and aquatic pathogenic strains (Rofchaei et 

al., 2018). Flavonoids consist of a large 

group of polyphenolic compounds that 

exhibit antimicrobial activity since they 

scavenge free radicals and protect cell 

membranes (Kumar et al., 2014). Studies 

have also shown that flavonoids inhibit the 

growth of opportunistic Candida strains in 

an effective manner, especially C. albicans, 

Aspergillus flavus. High potential of 

flavonoids to inhibit spore germination 

announced this secondary metabolite as a 

suitable candidate for treatment of fungal 

diseases (Cushnie and Lamb, 2005). 

Flavonoids content of hydromethanolic 

extract was measured and showed rich 

phenolic content of the extract (Table 2). 

Phytochemical analysis of different 

fractions of different percentages (hexene-

methyl acetate) of hydromethanolic extract 

of water hyacinth indicated the presence of 
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Yohimbine alkaloids and phthalate 

compounds such as 2-ethylhexyl. 

Antifungal properties of this secondary 

metabolites was confirmed in many studies 

(Shanab et al., 2010). Assessment of 

mechanism of action of these compounds 

on 6 types of human and plant fungi showed 

that 2-methylhexyl inhibited spore 

proliferation and cell wall growth (El-

Mehalawy et al., 2008). Table 5 shows 

presence of other active compounds such as 

saponin, tannin, terpenoids in the water 

hyacinth extract. Assessment of these 

compounds have shown that saponin is a 

toxin in various plant organs and has 

antibiotic and fungicidal properties (Ncube 

et al., 2011). Various studies have shown 

that antifungal activity of hydromethanolic 

extract of sumac (Behzadi Rad et al., 2015), 

cinnamon and clove (Arbabi Kalati et al., 

2011) garlic (Ayatollahi Mousavi et al., 

2008), Ferulago angulate (Khodavandi et 

al., 2017), and Origanum vulgare and O. 

majorana (Movaghari Pour et al., 2018) 

were significantly greater than other 

solvents against Candida albicans. This 

indicated the effect of solvent type on 

extraction of active compounds that lead to 

greater efficacy of the extract in controlling 

fungal agents. These results were consistent 

with the results of this study. Anti-Candida 

activity of water hyacinth extract and other 

medicinal plants were compared, which 

showed lower anti-Candida activity of 

Scrophularia striata (Havasian et al., 2012) 

and Glycyrrhiza glabra (Arbabi Kalati et 

al., 2013). Such medicinal herbs as Myrtus 

communis (Bidrighe et al., 2008) and garlic 

(Ayatollahi Mousavi et al., 2008) had a 

significant antifungal activity against 

candidiasis. The efficacy of this invasive 

plant is comparable to jensing (Tajik Ijdan 

et al., 2018) and sumac (Behzadi Rad et al., 

2015). 

Synergistic activity of secondary 

metabolites on fungal agents can also be 

explored. Studies have shown suitable 

efficacy of a medicinal plant does not 

depend on a sole compound, rather on a 

combination of various active compounds. 

Age of the medicinal plant was also 

assessed in some studies. The results 

showed greater antifungal effect as age of 

the plant increased 

(Lata and Dubey, 2010). The results of this 

study and other studies show that polarity 

of the selective solvent affect the quantity 

and quality of secondary metabolites and 

the target drug. The results of this study 

showed that anti-Candida activity of 

invasive water hyacinth is comparable to 

many medicinal plants due to its suitable 

phytochemical potential and composition. 

Identification of active compounds of the 

invasive and resistant water hyacinth and 

use of effective isolation methods for 

identification of active compound or 

compounds 
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Table 5: Review of Phytochemical Screening Investigations of E. crassipes    with 

Methanol and Aquatic Solvent in Different Biogeography. 

 

Abbreviations: Phe,Phenolic; Flav, 

Flavonoid ; Alk,Alkaloid; Qui,quinone  

;Antra,Anthraquinone ; Sap, Saponin ; 

Ste,steroid ; Tan,Tanine ;Terp,Terpenoids 
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Arbabi Klati, F., Pourzamani,M.( 2013).  

Comparison of antifungal effect of  

Glycyrrhiza glabra  with Nistatin in 

laboratory environment. Journal of 

Dentistry, 26(1): 71-74. 

 

Arbabi Klati, F., Shirazi, M., Pourzamani, 

M. and Dabiri, S., 2011.Comparison of 

Effect of Thyme, Clove and n  

Aboul-Enein, A.M., Shanab, S.MM., 

Shalaby, E.A., Zahran, M., Lightfoot, D.A. 

and El-Shemy, H.A.)2014(.Cytotoxic and 

antioxidant properties of active principals 

isolated from water hyacinth against four 

cancer cells lines. BMC Complementary 

and Alternative Medicine, 14:397.  

Arabshahi-delouee, S. and  Urooj, A.) 

2007(. Antioxidant properties of various 

solvent extracts of mulberry (Morus indica 

L.) leaves. Food Chemistry, )102(4:1233-

1240. 

 Ayatollahi Mousavi.,  M. Mehrabian. and 

Yaghmai, M.( 2008).The Effect of 

Different Concentrations of Methanol and 

Aqueous Extracts of Garlic on 

Opportunistic Fungi Sporothrix Schenckii, 

Cryptococcus Neoformans and Candida 

Albicans. journal of Rafsanjan University 

of Medical Sciences, 7(4): 227-234. 

 Behzadi rad, A., salehi sirjani, M. and 

madani., M.( 2015). In vitro inhibitory 

effects of Rhus Coriaria aqueous and 

alcoholic extracts on Candida Albicans. 

Complementary Medicine Journal of 

faculty of Nursing & Midwifery,5(1):1105-

1112.  

Bidarigh, C., Khosh kholgh, M. R., Masiha, 

A., Eisazadeh, Kh. and Faezi Ghasemi, 

M.(2008). Omparison of Minimum 

Inhibitory Concentration of Case and 

Nystatin Extract on Clinical and Candida 

albicans strains under laboratory 

conditions. Science biology, 4(7): 27-35.  

Chaouche, T.M., Haddouchi, F., and 

Ksouri, R.)2013(. Antioxidant activity 

profiling by spectrophotometric methods of 

phenolic extract of Prasiummajus L. free 

radical Antioxidant, 3: 43-46. 

CLSI. 2012. Clinical and Laboratory 

Standard Institute. Performance standards 

for antimicrobial disk susceptibility testing: 

Refrence  Phytochemicals Geographic Parts Type of extract  

Fareed et al., 

2008 

Flav, Ste,Terp, Alka Egipt  leaf Aqua.metanolic 

Rorong et al., 

2012 

Flav, phe, Tan Indonesia  leaf Metanolic 

Joshi and 

kaur, 2013 

Alk,phen,streroied,Tan India leaf Metanolic 

Kumar et al 

2014 

Phe, Alka, Ter,sap India leaf Aquatic 

Ho et al. 2012 Alk,Terp,Flav,Tan Egipt  leaf Metanolic 

Haggag et al., 

2017 

Flav,Alk, Terp,Tan Egipt  leaf Metanolic 



 

51 

 

Approved standard: National Committee 

for Clinical Laboratory Standards,)29(1:1-

76. 

Cushnie, T.P. and Lamb, A.L 

.)2005(.review;Antimicrobial activity of 

flavonoids. International Journal of 

Antimicrobial Agents, 26: 343–356. 

Derita, M.G., Leiva, M.L., and  Zacchino, 

S.A.)2009(. Influence of plant part, season 

of collection and content of the main active 

constituent, on the antifungal properties of 

Polygonum acuminatum Kunth. Journal of 

Ethnopharmacology, 124: 377–383. 

El-Mehalawy, A.A., Gebreel, H.M., Rifaat, 

H.M., El-Kholy, I.M. and  Humid, 

A.A.)2008(. Effect of antifungal 

compounds produced by certain bacteria on 

physiological activities of human and plant 

pathogenic fungi. Journal of Applied 

Science Reaserch, 4: 425–432. 

Falahati,M., Fateh, R., Sharifinia, S., 

Kanani,A., Memar, AR. and Dabaghian, 

F.(2012). Anti-Candida Antinociceptive 

Effects of Peppermint Extracts on Chronic 

Candidiasis. Journal Razi Medical 

Sciences, 19(100):22-28. 

Fareed, M.F., Haroon, A.M., and  Rabeh, 

S.A.)2008(. Antimicrobial activity of some 

macrophytes from Lake Manzalah (Egypt). 

Pakistan Journal of Biological Sciences, 

)11(21:2454- 2463.  

Haffag, M.W., Abou EL ELLA, 

S.M.,  and  ABOUZIENA, H.F.)2017(. 

Phytochemical analysis, antifungal, 

antimicrobial activities and applications of 

Eichhornia crassipes against some plant 

pathogens. Planta Daninha, Sociedade 

Beasileira Da ciencia Das Plantasdaninhas 

35. 

Havasian, M., Panahi, J.,  Pakzad, I.,  

Davoudian A.,  Jalilian, A.,  Zamanian 

Azodi, M.(2013). Study of Inhibitory effect 

of alcoholic and aqueous extract of 

Scrophularia striata (tashne dari) on 

Candida albicans in vitro . Research in 

Medicine,36(5): 19-23.  

Ho, Y.L., Huang, S.S., Deng, J.S., Lin, 

Y.H., Chang, Y.S.C., and Huang, 

G.H.)2012(. In vitro antioxidant properties 

and total phenolic contents of wetland 

medicinal plants in Taiwan. Botanical 

Studies,) 53(1: 55-66. 

Holm, L.G., Plucknett D.L.,Pancho  J.V. 

and Herberger, J.P.)1977(.The world's 

worst weeds. Distribution and biology. 

East-West Center Book, Univ. Honolulu,: 

Press Hawaii.P:621. 

Jafari Nadoushan,A., Dehghani Tafti., M., 

Mirbagheri, S. M.(2007). In vitro 

evaluation of antifungal effects of aqueous 

extract of garlic and its combination with 

fluconazole against common Candida 

species isolated from Candidiasis lesions. 

Kerman University of Medical 

Sciences,14(3): 153-162. 

Jayanthi, P., and Lalitha , P.)2013(. 

Antimicrobial activity of solvent extracts of 

Eichhornia crassipes (Mart.) Solms. Der 

Pharma Chemica,(5)3:135-140. 

Joshi, M.,  and Kaur, S.)2013(. In vitro 

evaluation of antimicrobial activity and 

phytochemical analysis of Calotropis 

procera, Eichhornia crassipes and Datura 

innoxia leaves.Asian Journal of 

Pharmaceutical and clinical Research,  

(6)5: 25-28.  

Khatun, S., and  Sutradhar, K.B.(2014). 

Water hyacinth: a possible alternative rate 

retarding natural polymer used in sustained 

release tablet design. Frontiers in 

pharmacology, 5:137. 

Khodavandi, A. and Alizadeh, F.(2017). 

Inhibitory Effect of Aqueous and Ethanolic 

Extracts of Chavill Leaf and Stem on 

Aspartyl Proteinase Secreted from Candida 

albicans. Journal of North Khorasan 

University of Medical Sciences, 9(4): 90-

98. 

Kumar, S., Kumar, R., Dwivedi, A., and 

Pandey, A.K.(2014). In vitro antioxidant, 

antibacterial, and cytotoxic activity and in 

vivo effect of Syngonium podophyllum and 

Eichhornia crassipes leaf extracts on 

isoniazid induced oxidative stress and 

hepatic markers.BioMed Research 

International.  

Lata, N., and Dubey, V.(2010). 

Quantification and identification of 

alkaloids of Eichhornia crassipes: the 

worlds worst aquatic plant. Journal of 

Pharmacy Research,(3)6:1229-123. 

Meda, A., Lamien, C., Romito, M.,Millogo, 

J., and Nacoulma, O.(2005). Determination 

of the total phenolic,flavonoid and proline 

contents in Burkina Fasan honey, as well as 

http://www.scielo.br/cgi-bin/wxis.exe/iah/?IsisScript=iah/iah.xis&base=article%5Edlibrary&format=iso.pft&lang=i&nextAction=lnk&indexSearch=AU&exprSearch=HAGGAG,+M.W.
http://www.scielo.br/cgi-bin/wxis.exe/iah/?IsisScript=iah/iah.xis&base=article%5Edlibrary&format=iso.pft&lang=i&nextAction=lnk&indexSearch=AU&exprSearch=ABOU+EL+ELLA,+S.M.
http://www.scielo.br/cgi-bin/wxis.exe/iah/?IsisScript=iah/iah.xis&base=article%5Edlibrary&format=iso.pft&lang=i&nextAction=lnk&indexSearch=AU&exprSearch=ABOU+EL+ELLA,+S.M.
http://www.scielo.br/cgi-bin/wxis.exe/iah/?IsisScript=iah/iah.xis&base=article%5Edlibrary&format=iso.pft&lang=i&nextAction=lnk&indexSearch=AU&exprSearch=ABOUZIENA,+H.F.


 

52 

 

their radical scavenging activity. Food 

Chemistry, 91: 571-577. 

Menon, T., Umamaheswari, K., 

Kumarasamy, N., Solomon, S., and  

Thyagarajan, SP.(2001).  Efficacy of 

fluconazole and itraconazole in the 

treatment of oral candidiasis in HIV 

patients. Acta tropica, 80:151-54. 

Movaghari Pour,A., ., Sheikh Fathollahi, 

M., Poor Zamani, M., Abedini, S. and 

Zahra Jamali, Z.(2018). Comparison of 

Anti-Fungal Effect of Origanum Vulgare 

Extract Versus Nystatin On Candida 

Albicans; an In Vitro Study. Journal of 

mashhad dental school, 42(3): 185-277. 

Mozaffarian,  V., and Yaghoubi, B.(2015). 

New record of Eichhornia crassipes (Water 

Hyacinth) from north of Iran.Rostaniha, 16: 

208-211.  

Nakatani, N., Kayano,S.,  Kikuzaki, H., 

Keiko S., Kiyoshi K., and Takahiko 

M.(2000). Identification, Quantitative 

Determination, and Antioxidative 

Activities of Chlorogenic Acid Isomers in 

Prune (Prunus domestica L.). Journal of 

Agricultural and food chemistry, 48: 

5512−5516. 

Ncube, B., Finnie, J.F., and Van Staden, J.( 

2011).Seasonal variation in antimicrobial 

and phytochemical properties of frequently 

used medicinal bulbous plants from South 

Africa. South African Journal of 

Botany,(77)1: 387–396. 

Rafieian-Kopaei, M., Bahmani, M., 

Sepahvand, A., Hassanzadazar, H., 

Abaszadeh, A., Rafieian, R., and Setareh, 

S.(1386). Candidiasis phytotherapy: An 

overview of the most important medicinal 

plants affecting the candida albicans.  

Journal of Chemical and Pharmaceutical 

Sciences,(9)3:1284-1293. 

Rorong, J.,A., Sudiarso, S., Prasetya, B., 

Polii-Mandang, J., and Suryanto, 

E.(2012).Phytochemical Analysis of Eceng 

Gondok (Eichhornia Crassipessolms) of 

Agricultural Waste as Biosensitizer for 

Ferri Photoreduction. Journal of 

Agricultural Science,(34)2:152-160.  

Rufchaie, R., Mirvaghefi, A., Hoseinifar, 

S. H. and Valipour, A.(2018). Anti-

microbial Activity of Echhornia Crasippes 

Aquatic and Hydromethanolic Leaves 

Extract. Journal of Fisheries, 71(1): 31-41. 

Shanab, S., Shalaby, E., Lightfoot, D., and 

El-shemy, H.(2010). Allelopathic Effects 

of water hyacinth (Echhornia crassipes). 

PLoS ONE (5)10:1-8. 

Surendraraj, A., Farvin, KH., Sabeena., 

Anandan, R.(2013). Antioxidant potential 

of water hyacinth (Eichornia crassipes): In 

vitro antioxidant activity and phenolic 

composition. Journal of aquatic food 

product technology, (22)1:11–26. 

Tajik-Ijdan, F., Kazemi, A. and Nowrozi, 

H., 2017.Comparing the effects of alcoholic 

extract of ginseng with Itraconazole against 

Candida albicans and Candida krusei. Feyz 

Journal of Kashan University of Medical 

Sciences, 21(3): 211-217. 

Téllez, T.R., López, E., Granado, G. L., 

Pérez, E. A., López, R. M.and Guzmán, J. 

M. S.(2008). The water hyacinth, 

Eichhornia crassipes: an invasive plant in 

the Guadiana River Basin (Spain). Aquatic 

Invasions,(3)1: 42-53 

Thamaraiselvi, P., and  Jayanthi, P.(2012). 

Preliminary studies on phytochemicals and 

antimicrobial activity of solvent extracts of 

Eichhornia crassipes (Mart.) Solms. Asian 

Journal of Plant Science and Research, 

(2)2: 115-22. 


