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Abstract:  Eichhornia  crassipes (Mart.)  Solms,  commonly  known as  water  hyacinth,  is  one  of  the free-
floating  macrophytes  with  substantial  damaging  effects  on  aquatic  environment,  but  it  has  significant
industrial and medicinal applications. Several metabolites such as vitamins, tannins, saponins, terpenoids,
phenolic  compounds,  lignins,  flavonoids,  alkaloids,  and sterols  have been reported  from the plant.  The
presence of such secondary metabolites made it possess a wide array of therapeutic properties, of which
alkaloids, phenolic compounds, triterpenoids, flavonoids, tannins, and saponins reported from the plant were
found to show promising pharmacological effects. This review endeavors to provide a comprehensive and
up-to-date compilation  of  documented  chemical  constituents,  pharmacological  activities,  and renewable
energy profiles of water hyacinth. The literature encountered showed that potassium, chlorine, calcium,  and
aluminum were among the nutritionally important elements reported in large amounts from the plant. In this
review, the findings of different extracts (methanol, aqueous, chloroform, and hexane extracts) of the plant
have been reviewed for their pharmacological and biological effects and results were promising. The plant's
anti-inflammatory,  antioxidant,  antifungal,  antiaging,  anticancer,  hepatoprotective,  and  antibacterial
properties,  as  well  as  other  biological  activities  like  insecticidal,  allelopathic,  and larvicidal  effects,  are
extensively  documented.  The  plant  also  demonstrated a  wide  spectrum  of  uses,  including  biofuel
production, compost production, and bioremediation. On the other hand, clogging of waterways, breeding
grounds for pests and disease, reduction of water quality, loss of biodiversity, and economic recession in
invaded areas are negative aspects associated with it. So, the present review summarizes the potential of
Eichhornia  crassipes as  a  valuable  source  of  natural  compounds  with  desirable  pharmacological
effectiveness,  predicting that the compilation will benefit future studies.  The renewable energy profiles of
the weed are also well presented. 
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INTRODUCTION

Natural resources, especially plants, have long been
used  as  the  basis  of  traditional  and  modern
medicine systems. Such widespread dependence of
human  beings  on  natural  resources  has  raised
marvelous attention in the scientific world (1), which
eventually  led  to  the  isolation  of  an  enormous
number  of  phytochemicals  with  significant
multipurpose advantages (2). Marine plants have a
large  number  of  social,  traditional,  economic,  and
environmental  benefits.  Some  aquatic  plants  are

used in human diet, whereas others have medicinal
values and are sources of  vitamins,  minerals,  and
renewable energy (3). Aquatic herbs and weeds are
known  to  differ  widely  in  their  physico-chemical
constituents as a result of the genotype of the plant
species, seasonal variation, and location. Hence, an
insight  into  their  phytochemistry  is  important  if
utilization prospects are to be considered (4).

Eichhornia crassipes, also known as water hyacinth
(Figure  1),  is  an  aquatic  plant  belonging  to  the
family Pontideraceae native to South America (5, 6).
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The plant is considered as one of the most invasive
weeds  due  to  its  rapid  spread,  ecological
adaptability,  and  negative  impacts  on  the
environment  (7-11),  economic  development,  and
human health (12, 13). It can rapidly grow to very
high densities (over 60 kg/m2), completely clogging
water  bodies,  which  in  turn  may  have  negative
effects.  The  plant  thrives  in  tropical  deserts,
subtropical  or  warm  temperate  deserts,  and
rainforest  zones  (14).  It  tolerates  annual
temperatures ranging from 21.1°C to 27.2°C and its
pH  tolerance  is  estimated  at  5.0  to  7.5.  Water
hyacinth  is  also  called  “the  beautiful  blue  devil”,
known  by  its  lavender  flowers,  short  stems  and
shining bright leaves which spreads at an alarming
rate in aquatic grounds. The plant is able to tolerate
both fresh and seawater and thus its spread has no
boundaries (15).

E.  crassipes has  harmful  side  effects  on  human
health, aquatic environment, and economic aspects
of water bodies (16, 17). The extensive impacts of
the plant falls to its quick growth in large areas of
aquatic  environment  and  is  able  to  destroy  the
quality and quantity of waterbodies (18-20). Thus, it
can  create  higher  sedimentation  rates  within  the
plant’s  complex  root  structure  and  increase
evapotranspiration rates from water hyacinth leaves
when compared to open water, even by a factor of
10 and cause scarcity of water in some areas. Dense
mats  of  the  weed  also  decrease  the  dissolved
oxygen concentrations, thus creating good breeding

conditions  for  mosquito  vectors  of  malaria,
encephalitis, and filariasis beneath these mats (21). 

The  plant  reduces  the  yield  of  phytoplankton  and
submerged  vegetation  under  dense  mats.  It  also
destroys the native vegetation and associated flora,
thus causing a disproportion in marine environment
(22).  The large mass of  the plant in water  bodies
also  affects  the  lives  of  fish  and  other  aquatic
communities. Recent reports of huge invasions and
their  environmental  problems  have  been  revealed
from different parts of the world, like Lake Tana of
Ethiopia, Lake Victoria of Uganda, other regions of
East Africa,  Lake Chapala of Mexico, Lake Navishka
of Kafue river, Zambia, and Florida (12, 21).

A  number  of  traditional  and  mechanical  weed
management approaches are applied to control the
fast  spread  of  the  weed  (23).  Chemical  and
biological control methods are being used to control
it but such methods may lead to water pollution and
other  aquatic  life  problems  (5).  Recently,  much
emphasis  has  been  placed  on  harvesting  this
aquatic  plant  for  practical  purposes  in  order  to
partially  offset  the  cost  of  removing  plants  from
waterways and using them as an economical source
in many parts of the world (21). Thus, the present
review endeavors to provide a comprehensive and
up-to-date  compilation  of  documented  chemical
constituents,  pharmacological  activities,  and
renewable  energy  profile  of  water  hyacinth  and
discusses future potentials and threats of the weed.

            

Figure 1: Eichhornia crassipes (24).

CHEMICAL COMPOSITION, PHARMACOLOGICAL 
ACTIVITY AND BIOFUEL POTENTIAL OF 
Eichhornia crassipes

Chemical Composition of Eichhornia crassipes
The plant is rich in several secondary metabolites,
including alkaloids, terpenoids, phenolic compounds,
flavonoids,  and  tannins  (25-27)  (Table  3).  Reports
from different parts of the plant revealed that  it is

composed of many nutritionally important elements,
of  which  silicon,  potassium,  and  aluminum  were
reported  to  be  in  large  amounts  in  the  roots,
whereas  stems  and  leaves  of  the  plant  are  rich
sources of potassium, chlorine, and calcium (Table
1).  Heavy  metals  were  not  found  in  the  studied
samples,  and  the  high  concentration  of  inorganic
substances  makes  this  plant  attractive  for  use  as
compost (28).

850



Gebrehiwot H, Dekebo A, Endale M. JOTCSA. 2022; 9(3): 849-866. REVIEW ARTICLE

Table 1: Elemental analysis of E. crassipes using energy dispersive X-ray spectroscopy (EDS), where,
(mg/gdw=milligram/gram dry weight) (28).

No. Elements (mg/gdw) Plant part
Roots Stems Leaves

1 Sodium 0.67 ± 0.06 4.43 ± 0.60 1.51 ± 0.33
2 Magnesium 0.46 ± 0.05 5.33 ± 0.02 3.76 ± 0.59
3 Aluminum 8.84 ± 0.53 0.82 ± 0.07 0.03 ± 0.01
4 Silicon 62.80 ± 0.06 8.06 ± 0.03 2.21 ± 0.03
5 Phosphorus 1.81 ± 0.01 5.12 ± 0.06 8.61 ± 0.04
6 Sulfur 1.07 ± 0.09 2.44 ± 0.03 2.76 ± 0.02
7 Chlorine 0.71 ± 0.01 19.43 ± 0.33 17.44 ± 0.12
8 Potassium 10.92 ± 0.03 38.36 ± 0.03 47.29 ± 0.30
9 Calcium 5.30 ± 0.00 15.05 ± 0.05 16.11 ± 0.08
10 Manganese 1.96 ± 0.03 0.70 ± 0.06 0.28 ± 0.02
11 Iron 5.45 ± 0.07 0.26 ± 0.01 Not detected

The  energy  dispersive  X-ray  spectroscopy  method
displayed that silicon showed maximum content in
the roots and potassium concentration was found to
be high in the leaves and stems of the plant (Table
1) (28).

Alkali  solution extracts  have low molecular  weight
carbohydrates  consisting  mainly  of  hemicellulose

and  degraded  cellulose,  and  this  treatment  can
influence  the  natural  durability  of  lignocellulosic
materials (23). Moreover, the alkali solubility values
of the plant are larger than the other parameters in
the  three  sections,  so  the  plant  could  be  easily
attacked by microorganisms (Table 2) (28). 

Table 2: Physicochemical characterization of E. crassipes (23, 28).

No. Parameter Plant part
Roots Stems Leaves

1 pH 4.6 ± 0.01 4.7 ± 0.04 4.7 ± 0.14
2 Ash (wt %) 26.0 ± 0.22 26.8 ± 0.39 19.9 ± 0.25
3 Alkali solubility (wt %) 54.4 ± 0.21 52.4 ± 0.34 51.8 ± 0.27
4 Total extractives (wt %) 35.9 ± 0.82 58.0 ± 0.78 47.5 ± 0.12
5 Holocellulose (wt %) 23.7 ± 0.45 11.4 ± 0.50 17.1 ± 0.06
6 Cellulose (wt %) 16.0 ± 0.77 8.4 ± 0.21 8.7 ± 0.76
7 Hemicellulose (wt %) 7.7 3.0 8.4

The physicochemical  analysis  of  the plant showed
highest extractive values (58%) in the stem parts of
E.  crassipes.  Whereas,  highest  alkali  solubility
values (54, 52, and 51%) were presented from the
root, stem, and leaf parts of the plant respectively
(28) (Table 2).

Phenolic  compounds  were  identified  from  the
various  parts  of  the  plant  using  different  solvent
systems  (29,  30).  2-methylresorcinol  (1),  catechol
(2),  4-methylresorcinol  (3),  p-hydroxybenzoic  acid
(4),  vanillic  acid  (5) and salicylic  acid  have been
detected  in  the  ethanolic  root  extract  (26,  31),
whereas 4-methylresorcinol  (3),  2-methylresorcinol
(1),  resorcinol  and  catechol  (2),  were  present  in
rhizomes.  In  a  related  study,  an  antifungal  2,5-
dimethoxy-4-phenyl-benzoindenone  (6),  a  red  oily
metabolite,  was  also  reported  from the plant  (32)
(Figure 2). 

Flavonoids such as Apigenin (7), gossypetin (8), and
chrysoeiol  (9) were also reported in petroleum and
aqueous  extracts  (26),  whereas  kaempferol  (10),
quercetin (11), and isovitexin (12) were reported in
the  shoot  and  rhizome  (15).  In  a  related  study,

anthocyanins  (13) were  present  in  the  aqueous
extract  of  the  plant  (15,  26,  33,  34)  (Figure  5).
Moreover, gallic acid (14), 3,4-dihydro-2-phenyl-2H-
chromen-3-ol  (15),  catechin  (16), and epicatechin
(17) were  the  reported  tannins  in  methanol  and
aqueous extracts (15, 35) (Figure 2).

Qualitative investigation of alkaloids by TLC showed
that cytosine (18), codeine (19), nicotine (20) and
quinine (21) are some noticeable alkaloids reported
from various parts of thep lant (15, 26). A related
study  revealed  that,  β-carotene  (22) and  phytol
(23) were also some of the terpenoids isolated from
the ethanolic  extracts  of  the plant by GC-MS. The
phytochemical analysis of the methanolic extract of
the  plant  also  showed  the  presence  of  alkaloid
derivatives  (16).  According  to  the  report  (18,  19-
secoyohimban-19-oic  acid,  16,  17,  20,  21-
tetradehydro-16-(hydroxymethyl)-, methyl ester (15
beta,  16  E)  (24),  di  amino-di  nitro-Methyl  dioctyl
phthalate  (25)  and  9-(2,2-Dimethyl
propanoilhydrazono)-2,7-bis-[2-{diethylamino)-
ethoxy]  dichloride  (26)  were  present  in  the  plant
extracts (16, 36-38) (Figure 2).
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Jayanthi et al., (2011) (26) and Lalitha et al., (2012)
(31)  reported  the  presence  of  phenalenone  and
sterols  in  various  extracts  of  E.  crassipes (39-43),
including  4α-methyl-5α-ergosta-7,24(28)-diene-
3β,4β-diol  (27),  4α-methyl-5α-ergosta-8,24(28)-
diene-3β,4β-diol  (28),  4α-methyl-5α-ergosta-
8,14,24(28)-triene-3β,4β-diol  (29),  6α-
hydroxystigmata-4,22-diene-3-one  (30),  and
phenalenone derivatives (31-35) (31).

Terpene derivatives  were also presented from the
methanolic extract of  E. crassipes (39, 44-46). 1,2-
Benzene  dicarboxylic  acid,  mono-(2-ethylhexyl
ester) (36), 1, 2-benzenedicarboxylic acid, diisooctyl
ester  (37),  1,  2-Benzenedicarboxylic  acid,  dioctyl
ester (38) and Isooctyl phthalate (39) were among
the reported terpenoid derivatives in the plant (16)
(Figure 2).
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Figure 2: Suggested structures of natural products reported from E. crassipes.

Resins,  anthraquinones,  saponins,  fatty  acids,
phenalenes,  organic  acids,  phlobatannins,
carbohydrates,  proteins,  and  lipids  were  also

important metabolites that have been identified in
the  different  parts  of  E.  crassipes by  different
analytical methods (26, 47-50) (Table 3).

Table 3: Phytochemical study of leaf extracts of E. crassipes (26).

No. Phytochemicals Plant extract
Water Acetone Ethanol Methanol

1 Terpenoids + + + +
2 Tannins - + - +
3 Amino acids - - + -
4 Proteins - - + -
5 Carbohydrates + - + -
6 Phenolics - - + +
7 Flavonoids - - - +
8 Alkaloids + + - +
9 Saponins - - + +

+=indicates being present and - = indicates being absent.

GC-MS results of the extracts of the plant displayed
twenty  organic  acids,  three  steroids,  and  one
terpenoid (39). Carboxylic acids were reported in the
leaf  and stem extracts.  Levulinic acid,  oxalic  acid,
caprilic  acid,  malonic acid,  nonanoic  acid,  succinic
acid,  myristic  acid,  lauric  acid,  linolenic  acid,
palmitic  acid,  oleic  acid,  pentadecanoic  acid,
vaccenic  acid,  linoleic  acid,  arachidonic  acid,
squalene, cholestane, β-stigmasterol, and spirostane
were among the reported compounds in the extracts
of the plant using different solvent systems (30, 39,
44, 45, 51). 

Another report,  Verma  et al.,  (2021)  (52),  showed
that GC-MS analysis of the extracts of  E. crassipes

displayed the presence of various components in the
methanol  leaf  extracts  of  the  plant.  Palmitic  acid
(24.18%),  9-hexadecenal  (10.29%),  neophytediene
(8.42%),  3-undecanone  (7.36%),  stearic  acid
(6.35%),  and  vitamin  E  (5.85%)  were  among  the
major compounds reported in the study.

Pharmacological Activities of Eichhornia 
crassipes
Antibacterial,  antifungal,  antioxidant,  anti-
inflammatory,  immunomodulatory,  and cytotoxicity
effects  of  E.  crassipes were  broadly  studied  and
results  showed  that  the  plant  possess  promising
pharmacological activities (53-56) (Table 4).
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Table 4: Selected pharmacological activities of E. crassipes.

Plant part 
studied

Extract type Type of study/
Tested cell/
Animal used

Results Refs

Antioxidant activities
Leaf Ethanol In vitro (DPPH) A good antioxidant activity was

observed
(57)

The whole 
parts

n-hexane, 
methanol, 
chloroform

DPPH The IC50 values were 0.387, 
0.018 and 1.03 µg/mL 
respectively

(58)

Leaf Chloroform, 
ethanol

Lab assay The extracts showed good 
activity at all concentrations 
(25-100 µg/mL)

(59)

The whole 
parts

Methanol DPPH Showed high activity between 
97.0 ± 5.4 and 97.4 ± 2.7 
µg/mL

(60)

Anticancer activities
Leaf Ethanol Breast cancer cell lines 80% inhibition of the cell 

growth at 100  µg/mL
(44)

The whole 
parts

Methanol HeLa cell lines Showed acceptable efficiency 
with IC50 of 1.6

(61)

Leaf 50% methanol B16F1 mouse melanoma Showed antitumor effect 
towards radiotherapy

(44)

Anti-inflammatory activities

The whole 
parts

Methanol Lab assay Showed strong activity with 
maximum inhibition of albumin
denaturation protein (80%) at 
500 µg/mL

(58)

Antimicrobial activities
Flowers Methanol S. aureus (disc diffusion 

method)
Showed significant 
antibacterial activity at 20 
µg/mL

(62)

The whole 
parts

n-hexane P. aeruginosa, S. aureus, 
E.coli, Salmonella typhi 
(disc diffusion method)

Tested active against all 
pathogens except S.typhi

(44)

Leaf Hydro-
methanolic 
extract

Human and aquatic 
pathogens (disc diffusion
method)

Showed good antimicrobial 
activity against S. iniae and E. 
coli with MIC of 128-512 
mg/mL and 64-256 mg/mL 
respectively

(63)

Leaf Ethanol Sub-gingival plaque 
bacteria colony (serial 
tube dilution method)

No growth at 12.5, 25, 50, and 
100%. Growth was observed at
3.125%

(64)

Antimicrobial Activity
The plant displayed good antibacterial activity (40,
65-73)  against  certain  Gram-positive  bacteria
(Staphylococcus aureus, Streptococcus faecalis and
Bacillus  subtilis)  and  Gram-negative  bacteria
(Escherichia  coli).  Of  the  results  studied  by
Vadlapudi et al. (2010) (74) towards six extracts, n-
butyl  alcohol  extract  displayed  promising
antibacterial activity against S. pyogenes, S. aureus,
and E. coli compared to streptomycin (Table 5) (74).
Verma  et al. (2021) (52) reported the antibacterial
activity  of  ethanol  and  methanol  extracts  which
showed  promising  inhibition  against  V.  harveyi  at
different  concentrations  (5,  10,  20  mg/mL)
compared to ciprofloxacin.

Various  extracts  of  the  plant  failed  to  show
antifungal  activity  towards  Aspergillus  niger  and

Aspergillus flavus, whereas all fractions were active
against  Trichophyton  megnini  (74)  (Table  6).  The
most  promising  observation  was  the  ethanol  and
water  extracts  of  the  plant,  with  good  activity
against  A.  flavus compared  to  Fluconazole  (31).
Substantial  studies  have reported that  compounds
isolated  from  the  plant  exhibit  antibacterial
properties  against  many  gram  positive  and  gram
negative  bacteria  (53,  55).  The  reported
antimicrobial activities of the weed were due to the
alkaloids,  saponins,  and  tannins  screened  in  the
plant (Table 3).

Anti-oxidant Activity
E.  crassipes  showed good antioxidant activity  (30,
33, 58) and the glutathione content of the plant was
found  to  be  32  ±  1.6  nmol/gram  of  dry  water
hyacinth leaves (75). The methanol extract revealed
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promising activity at 250 µg/mL with 80% inhibition
compared  to  ascorbic  acid  at  the  same
concentration  (90%  inhibition).  The  antioxidant
potential  of  the  extracts  using  different  solvent
systems by both DPPH and ABTS methods displayed
a dose-dependent activity (60, 76). 

The methanol and ethanol leaf extracts studied by
Verma et al., (2021) (52) showed that both extracts

possess good antioxidant properties in reference to
the standards, with higher activity observed for the
methanol extract (52, 57) (Table 7). The antioxidant
properties of the plant may be due to the presence
of  flavonoids  and  phenolic  compounds  in  their
extracts,  which  have  excellent  radical  scavenging
activities (Table 3).

856



Gebrehiwot H, Dekebo A, Endale M. JOTCSA. 2022; 9(3): 849-866. REVIEW ARTICLE

Table 5: Antibacterial activities of E. crassipes (74).

No
.

Bacterial
pathogens

Zone of inhibition in different solvent systems (diameter in mm)
n-butyl
alcohol

Methanol Ethyl
acetate

Ethanol Distilled
water

Acetone Standard
(Streptomycin)

1 S. pyogenes 12±0.23 8±0.16 10±0.35 9±0.18 - 9±0.42 19±0.50
2 S. aureus 10±0.14 10±0.33 - 10±0.31 - - 12±0.20
3 S. pullorum 10±0.31 8±0.11 - - - 8±0.10 13±0.15
4 P. vulgaris - - - 10±0.28 9±0.21 11±0.27 14±0.16
5 E. coli 10±0.20 9±0.22 - 9±0.32 8±0.30 10±0.16 12±0.44

Table 6: Antifungal activities of E. crassipes (74).

No. Fungal
pathogens

Zone of inhibition in different solvent systems (diameter in mm)
n-butyl
alcohol

Methanol Ethyl
acetate

Ethanol Distilled
water

Acetone Standard
(Fluconazole)

1 T.megnini 10±0.30 - 9±0.33 8±0.22 9±0.14 10±0.22 19±0.40
2 C. albicans 11±0.16 - - 8±0.24 9±0.37 10±0.23 20±0.42
3 A. ochraceus 10±0.26 - - 12±0.10 9±0.28 15±0.41 18±0.10
4 A. fumigates 10±0.38 - 8±0.46 13±0.12 10±0.30 14±0.10 19±0.22
5 A. flavus - - - 10±0.15 9±0.20 10±0.12 13±0.25

Table 7: Antioxidant activity of methanol extract of E. crassipes (52).

Treatments Concentrations 
(µg/mL)

% inhibition
of DPPH

Ascorbic acid

50 52
100 69
150 74
200 82
250 90

Methanol extract

50 44
100 59
150 65
200 72
250 80
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According to the results presented by Aboul-Enein et
al. (2014)  (16),  nine  fractions  (alkaloid  and
terpenoid  derivatives)  were  isolated  from  the
methanol  extract  of  the  plant  and  showed
anticancer  and  antioxidant  activities.  The  crude
methanolic extract showed the highest antioxidant
activity with an IC50 of 74.80 ± 4.5 µg/mL. Three of
the nine compounds recorded comparable activities
(92.40 ± 6.5, 95.4 ± 3.1, and 96.5 ± 2.7 µg/mL). 

Anti-inflammatory Activity
The  anti-inflammatory  effects  of  the  aqueous
extract, ethyl acetate, and petroleum ether extracts
of  the  plant  were  presented  and  results  were
promising (77-79). The results of the study showed a
substantial reduction in the growth of oedema in the
hind  paws  of  the  mice  when  treated  with  the
extracts.  The  three  solvent  systems  displayed
variable  anti-inflammatory  effects.  The report  also
revealed that the petroleum ether and ethyl acetate

extracts showed maximum inhibition of the oedema
(64.8% and 67.5%,  respectively).  The presence  of
phenolic  compounds,  flavonoids,  alkaloids,  and
anthraquinones in the extracts of the plant plays a
significant role in the anti-inflammatory activities of
the plant (80) (Table 3).

A related study by Tulika  et al. (2017) (81) on the
methanol  extract  of  the  plant  showed  promising
results. The activity was examined by the inhibition
of albumin denaturation protein. The evaluation of
the anti-inflammatory potential of the plant extract,
the inhibition of  protein  denaturation  was studied,
and  results  were  encouraging.  According  to  the
study, the methanol extract of the plant displayed
promising inhibition of albumin denaturation at the
concentration of 500 µg/mL with 79% of inhibition
compared to ibuprofen (96% of inhibition) (82)(Table
8).

Table 8: Anti-inflammatory activity of methanolic extract of E. crassipes (83).

Treatments Concentrations 
(µg/mL)

% inhibition of 
protein 
denaturation

Ibuprofen

100 42
200 54
300 74
400 80
500 96

Methanol extract

100 20
200 42
300 60
400 72
500 79

Anti-cancer Activity 
Results  of  anticancer  activities  showed  that
methanol  extracts  of  the  plant  have  moderate
anticancer  effects  (36,  80).  This  phenomenon  has
been supported by various solvent extracts  tested
on  mice  embryonic  fibroblast  cell  lines.  The
methanol extracts of the various parts of the plant
at  different  concentrations  showed  anti-cancer

activities  against  HeLa cell  lines with 17% growth
inhibition  at  200  µg/mL using MTT assay method.
The growth inhibition zones  and concentrations  of
the extracts showed smooth relationships (Table 9)
(80).  The  major  classes  of  phytochemicals
responsible  for  the anticancer  effects  of  the plant
were  alkaloids,  saponins,  polyphenols,  flavonoids,
tannins, triterpenes, and quinones (84) (Table 3).

Table 9: IC50 analysis value of E. crassipes extract against HeLa cells (80). 

S/No Number
of
subjects 

Concentration
(µg/mL)

Observed
responses

Expected
responses

Probability

1 100 0 0 37.14 0.37
2 100 50 98 57.12 0.57
3 100 100 89 75.40 0.75
4 100 200 83 95.57 0.96

Wound healing activity
Three solvent extracts of the plant (methanol, ethyl
acetate,  and  aqueous  extracts)  were  investigated
for  their  wound  healing  potential  in  an  excision
experimental  model  of  wounds  in  rats.  The
experiments  showed  a  better  wound  contraction

effect,  which  was  considerably  greater  than  the
control (79, 81).

Larvicidal activity
Eggs and larvae of Chironomus ramosus  chaudhuri
were subjected to various concentrations of the root
extracts  of  the plant  and showed 100% efficiency
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(82). According to the reports of Lalitha et al. (2012)
(31),  putative  cytokinin  glucoside-like  activity  was
detected only in leaves and flowers of the plant. The
cytokinin complements of the leaves and the roots
were  qualitatively  different.  Certain  cytokinins
supplied by the roots are metabolized in the leaves,
and certain cytokinins are synthesized in the leaves
themselves.  Larvicidal,  pupicidal,  and  repellent
activity  carried  out  on  petroleum  ether,  ethyl
acetate,  aqueous  extracts,  methanol,  and  ethanol
fractions  against  Culex  quinquefasciatus  also
showed good activity (82, 85).

Antitumor activity
The methanolic leaf extract of E. crassipes (50%) at
different  doses  (200  mg/kg  body  weight  to  500
mg/kg body weight) showed good response against
B16F10  in  vivo melanoma  tumor  bearing  hybrid
mice  models  (31).  In  comparison  to  the  isolated
compounds,  the  crude  extract,  displayed  better
activity against several tumor cells. Some fractions
exhibited selective anticancer activity against a liver
cancer cell line, while other fractions exhibited high
anticancer  activity  against  hormone-dependent

tumor  types  (cervix  and  breast  cancers).  The
potency  of  the  crude  extract  compared  to  its
fractions has been attributed to the auto-synergistic
effect  of  these  fractions  within  the  same  extract
(60).

Source of Renewable Energy
Bote et al.  (2020) (83) presented their work on the
use of  E. crassipes  compost on other green plants
such as vegetables and flowering plants and its side
effects.  In  this  report,  nine  morphological  yield
parameters were studied on saplings grown with E.
crassipes compost and compared with the untreated
ones. The experiments were carried out in kitchen
gardens to demonstrate how  E. crassipes  compost
can be used instead of regular compost. Based on
the findings, they concluded that the green plants
grown  with  E.  crassipes  compost  showed  good
results  in  terms  of  all  the  studied  parameters,
suggesting that the plant can be applied effectively
through  the  vermin  composting  process.  A
fermentative  system  using  E.  crassipes  has  been
reported  to  produce  ethanol  and  found  to  be
promising (Figure 3) (83). 
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Figure 3: Hydrolysis reaction of E. crassipes (83).

The plant also has large amounts of lignin, cellulose,
and  hemicellulose,  which  are  prominent  for
processing useful products such as biofuels (86-92).

Recent  reports  revealed  that  one  hectare  of
standing E. crassipes produces more than 70.000 m3

of biogas. The bacterial fermentation of one ton of

859



Gebrehiwot H, Dekebo A, Endale M. JOTCSA. 2022; 9(3): 849-866. REVIEW ARTICLE

the plant  produces about  26500 cubic  foot  of  gas
with  25.4%  hydrogen,  51.6%  methane,  1.2%
oxygen, and 22.1% carbon dioxide (93). 

Significant research has been conducted in various
parts  of  the  world  to  produce  bio-fuel  from  E.
crassipes, and the results show that the plant can be
used  as  a  future  alternative  source  of  renewable
energy  (94-99)  (Figure  4).  The  plant  produced
biodiesel  (6.36%  m/m)  primarily  composed  of
saturated fatty acids. The biodiesels produced from
the plant have good suitability  and stability  to be
used in diesel  engines.  The by-products which are
made  up  of  glycerol  and  other  pigments,  were
recorded  1.05 mmol/L  and  4.69 mg/g,  respectively
(100). 

The potential and threat of  E. crassipes studied by
Mitan  (2019)  (101)  indicated  that  proper
management  and  treatment  of  the  plant  are
strongly  recommended  in  order  to  utilize  it  as  a
source  of  energy,  agriculture,  water  treatment,
chemical  and  biological  sources.  Moreover,  the
proliferation of the plant needs to be more focused
on maintaining the sustainability of the environment
(101).

Alagu  et  al. (2019)  (102)  focused  on  E.  crassipes
biodiesel as a potential alternative fuel for existing
unmodified diesel  engine.  The work examined the
feasibility  of  biodiesel  derived from the plant in  a
compression  ignition  engine  and  showed  that  the
plant is also a potential source of renewable energy
as  it  is  available  in  fresh  water  and  aquatic
ecosystems in many parts of the world (102).

Figure 4: Schematic diagram of the experimental setup for biodiesel production.

A  related  study  by  Aswathy  et  al. (2010)  (103)
revealed that the plant has an excellent correlation
with the standard parameters of the diesel available
in  the  market  (103)  (Table  10).  According  to  this
report,  water  hyacinth  biodiesel  was  mixed  with
petroleum diesel fuel at different volume proportions
(10, 20, 30, 40, and 100%) and its properties were
examined as per ASTM standards before it was used
for  diesel  engines.  The  prepared  test  fuels  were
experimentally  investigated  in  a  single-cylinder

diesel engine at constant speed (1500 rev/min) for
their  combustion,  performance,  and  emission
features.  The  test  results  showed  that  20%  E.
crassipes  biodiesel  and 80% diesel  fuel  blend was
equivalent  to  the  original  diesel  fuel  in  terms  of
thermal efficiency and smoke emissions. Generally,
the displayed heat release and cylinder pressure by
E.  crassipes  biodiesel  were very  close to those of
ordinary diesel fuel (102).
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Table 10: Fuel properties of blending stocks of E. crassipes (102).

No. Fuel properties Unit Biodiesel standard Diesel Water
hyacinth oil

Water hyacinth biodiesel

ASTM D
6751

DIN
EN14214

B10 B20 B30 B40 B100

1 Density at 15 °C kg/m3 - 860-900 838 952 841 846 858 863 887
2 Kinematic viscosity 

at 40 °C
mm2/s 1.9-6 3.5-5 2.76 26.4 2.92 2.86 3.18 3.37 3.96

3 Flash point °C >130 >120 68 246 74 98 125 148 212
4 Pour point °C - - -20 17 -3 -4 -1 0 7
5 Cetane number - >47 >51 48 44 47 47.4 48.6 49.3 52.5
6 Acid value mg KOH/g <0.8 <0.5 - 41 0.36 0.35 0.37 0.36 0.42
7 Water content % <0.03 <0.05 0.02 1.8 0.03 0.03 0.02 0.03 0.04
8 Ash content % <0.02 <0.02 0.01 0.96 0.01 0.01 0.01 0.01 0.01
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CONCLUSION AND FUTURE PERSPECTIVES

This  comprehensive  review  was  compiled  to
evaluate the traditional uses, chemical constituents,
pharmacological  activity,  and  biodiesel  production
possibility of E. crassipes (water hyacinth) aiming to
highlight the plant’s potential to develop its limited
therapeutic  applications  in  Africa,  especially  in
Ethiopia. Different phytochemicals isolated from the
plant  showed  anticancer,  antibacterial,  antifungal,
and  anti-inflammatory  activities.  Previous  reports
revealed  that  the  metabolites  in  water  hyacinth
contribute  to  significant  biological  activities,
especially  antioxidant  and  antibacterial  properties.
In this regard,  further research may be needed to
explore  the  possibility  of  evaluating  the  plant  for
radical  scavenging  activity  and  possibility  of
developing  natural  antioxidants  from it.  The  plant
also displayed promising antifungal activity against
A. flavus, and the potential of using the leaves of the
plant  as  biofungicides  should  be  studied  further.
Similarly,  the  potential  of  n-butyl  alcohol  extract
against  S. pyogenes, S.aureus,  and E.coli should be
considered,  and  further  research  for  natural
antibacterial agents should be conducted. Moreover,
several patents have described the pharmacological
effects of the plant, but clinical applications are still
rare and need further investigation.  The plant can
be  considered  as  the  best  alternative  to  cope  up
with  the  progression  of  regional  and  global
environmental  change as  well  as  the depletion  of
fossil fuels.

The ability of this plant to invade different kinds of
water  bodies  across  different  geographical  zones
remains  a  challenge.  In  this  regard,  it  is
recommended to conduct molecular analysis of the
plant  growing  in  different  water  habitats  and
different  geographical  zones  with due attention  to
examine  the  similarities  in  the  genes  across  the
different  habitats  that  may  help  to  genetically
modify  the  plant  to  be  less  invasive.  In  addition,
considering the biodiesel  efficiency of  the plant in
situations where controlling the growth becomes a
challenge and if facilities exist to utilize the potential
of  this  plant,  efforts  should  be  geared  toward
harnessing  the  potential  of  the  plant  as  an
alternative energy source i.e., biodiesel production. 

CONFLICT OF INTEREST

The authors  declare  that  they have no competing
interests to disclose.

ACKNOWLEDGMENTS

The  authors  acknowledge  Adama  Science  and
Technology University for financial aid.

REFERENCES

1. Sindhu R, Binod P, Pandey A, Madhavan A, Alphonsa
JA,  Vivek N,  et  al.  Water  hyacinth a potential  source for

value addition: An overview. Bioresource Technology. 2017
Apr;230:152–62. <  DOI>  . 

2.  Maitera  O,  Khan M,  James T.  Phytochemical  analysis
and  the  chemotherapeutics  of  leaves  and  stem-bark  of
Nauclea latifolia  grown in  Hong,  Adamawa State Nigeria.
Asian  Journal  of  Plant  Science  and  Research.
2011;1(3):16–22.

3.  Awasthi  M,  Kaur  J,  Rana  S.  Bioethanol  production
through  water  hyacinth,  Eichhornia  crassipes  via
optimization  of  the  pretreatment  conditions.  International
Journal  of  Emerging  Technology  and  Advanced
Engineering. 2013;3(3):42–6.

4.  Kumar  RS,  Balasubramanian  P,  Govindaraj  P,
Krishnaveni T. Preliminary studies on phytochemicals and
antimicrobial  activity  of  solvent  extracts  of  Coriandrum
sativum  L.  roots  (Coriander).  Journal  of  Pharmacognosy
and Phytochemistry. 2014;2(6).

5. Elenwo E, Akankali J. The Estimation of Potential Yield of
Water Hyacinth: A Tool for Environmental Management and
an Economic Resource for the Niger Delta Region. Journal
of  Sustainable  Development  Studies.  2016;9(2):115–37.
<  URL>  . 

6. Rodrigues A, Odero M, Hayombe P, Akuno W, Kerich D,
Maobe I. Converting Water Hyacinth to Briquettes: A Beach
Community Based Approach. IJSBAR. 2014;15(1):358–78.
<  URL>  . 

7.  Chai  TT,  Ngoi  JC,  Wong  FC.  Herbicidal  Potential  of
Eichhornia crassipes Leaf Extract against Mimosa pigra and
Vigna radiata. International Journal of Agriculture & Biology.
2013;15:835–42. <  URL>  . 

8.  Thiripura  Sundari  M,  Ramesh  A.  Isolation  and
characterization  of  cellulose  nanofibers  from  the  aquatic
weed water hyacinth—Eichhornia crassipes. Carbohydrate
Polymers. 2012 Jan;87(2):1701–5. <  DOI>  . 

9. Mishra S, Maiti A. The efficiency of Eichhornia crassipes
in  the  removal  of  organic  and  inorganic  pollutants  from
wastewater:  a  review.  Environ  Sci  Pollut  Res.  2017
Mar;24(9):7921–37. <  DOI>  . 

10.  Saning  A,  Herou  S,  Dechtrirat  D,  Ieosakulrat  C,
Pakawatpanurut  P,  Kaowphong  S,  et  al.  Green  and
sustainable  zero-waste  conversion  of  water  hyacinth
(Eichhornia  crassipes)  into  superior  magnetic  carbon
composite adsorbents and supercapacitor electrodes. RSC
Adv. 2019;9(42):24248–58. <  DOI>  . 

11.  Su W, Sun Q, Xia M, Wen Z, Yao Z. The Resource
Utilization of Water Hyacinth (Eichhornia crassipes [Mart.]
Solms) and Its Challenges. Resources. 2018 Aug 7;7(3):46.
<  DOI>  . 

12.  Dersseh  MG,  Melesse  AM,  Tilahun  SA,  Abate  M,
Dagnew  DC.  Water  hyacinth:  review  of  its  impacts  on
hydrology  and  ecosystem  services—Lessons  for
management  of  Lake  Tana.  In:  Extreme  Hydrology  and

862

https://doi.org/10.3390/resources7030046
https://doi.org/10.3390/resources7030046
https://doi.org/10.1039/C9RA03873F
https://doi.org/10.1039/C9RA03873F
https://doi.org/10.1007/s11356-016-8357-7
https://doi.org/10.1007/s11356-016-8357-7
https://doi.org/10.1016/j.carbpol.2011.09.076
https://doi.org/10.1016/j.carbpol.2011.09.076
https://www.cabi.org/ISC/FullTextPDF/2014/20143049584.pdf
https://www.cabi.org/ISC/FullTextPDF/2014/20143049584.pdf
http://ir.jooust.ac.ke:8080/xmlui/handle/123456789/8886
http://ir.jooust.ac.ke:8080/xmlui/handle/123456789/8886
https://www.infinitypress.info/index.php/jsds/article/download/1329/601
https://www.infinitypress.info/index.php/jsds/article/download/1329/601
https://doi.org/10.1016/j.biortech.2017.01.035
https://doi.org/10.1016/j.biortech.2017.01.035


Gebrehiwot H, Dekebo A, Endale M. JOTCSA. 2022; 9(3): 849-866. REVIEW ARTICLE

Climate Variability [Internet]. Elsevier; 2019 [cited 2022 Jun
17]. p. 237–51. ISBN: 978-0-12-815998-9. <URL>. 

13.  Gaikwad RP, Gavande S.  Major  Factors  Contributing
Growth of Water Hyacinth in Natural Water Bodies. Internati
Jour of Enginee Rese. 2017;6(6):304. <  DOI>  . 

14.  Degaga  A.  Water  Hyacinth  (Eichhornia  crassipes)
Biology  and  its  Impacts  on  Ecosystem,  Biodiversity,
Economy  and  Human  Wellbeing.  J  Life  Sci  Biomed.
2018;8(6):94–100. 

15. Lata N, Dubey V. Preliminary phytochemical screening
of  Eichhornia crassipes: the world’s worst aquatic weed. J
Pharm Sci. 2010;3(6):1240–2. <  URL>  . 

16. Aboul-Enein AM, Shanab SM, Shalaby EA, Zahran MM,
Lightfoot  DA,  El-Shemy  HA.  Cytotoxic  and  antioxidant
properties of active principals isolated from water hyacinth
against  four  cancer  cells  lines.  BMC Complement  Altern
Med. 2014 Dec;14(1):397. <  DOI>  . 

17. Adegunloye D, Olosunde S, Omokanju A. Evaluation of
ratio variation of water hyacinth (Eichhornia crassipes) on
the  production  of  pig  dung  biogas.  Int  Res  J  Biol  Sci.
2013;2(3):44–8. 

18.  Amriani  F.  Physical  and  Biophysical  Pretreatment  of
Water Hyacinth Biomass for Cellulase Enzyme Production.
ChemBiochemEngQ. 2016 Jul 16;30(2):237–44. <  DOI>  . 

19. Saratale RG, Cho SK, Ghodake GS, Shin HS, Saratale
GD,  Park  Y,  et  al.  Utilization  of  Noxious  Weed  Water
Hyacinth Biomass as a Potential Feedstock for Biopolymers
Production:  A  Novel  Approach.  Polymers.  2020  Jul
29;12(8):1704. <  DOI>  . 

20.  Setyaningsih  L,  Satria  E,  Khoironi  H,  Dwisari  M,
Setyowati G, Rachmawati N, et al. Cellulose extracted from
water hyacinth and the application in hydrogel.  IOP Conf
Ser: Mater Sci Eng. 2019 Dec 1;673(1):012017. <  DOI>  . 

21.  Anuja  S,  Aggarwal  N,  Anita  S,  Anita  Y.  Beyond
biocontrol:  water  hyacinth-opportunities  and  challenges.
Journal  of  Environmental  Science  and  Technology.
2016;9(1):26–48. 

22.  Villamagna  A,  Murphy  B.  Ecological  and  socio‐
economic  impacts  of  invasive  water  hyacinth  (Eichhornia
crassipes): a review. Freshwater Biology. 2010;55(2):282–
98.

23. Ayanda OI, Ajayi T, Asuwaju FP.  Eichhornia crassipes
(Mart.) Solms: Uses, Challenges, Threats, and Prospects.
The Scientific World Journal. 2020 Jul 7;2020:1–12. <  DOI>  .

24.  Asmare  T,  Demissie  B,  Nigusse  AG,  GebreKidan A.
Detecting  Spatiotemporal  Expansion  of  Water  Hyacinth
(Eichhornia crassipes) in Lake Tana, Northern Ethiopia. J
Indian Soc Remote Sens. 2020 May;48(5):751–64. <  DOI>  . 

25.  Balasubramanian  D,  Arunachalam  K,  Das  AK,
Arunachalam  A.  Decomposition  and  nutrient  release  of
Eichhornia crassipes  (Mart.) Solms. under different trophic
conditions  in  wetlands  of  eastern  Himalayan  foothills.
Ecological Engineering. 2012 Jul;44:111–22. <  DOI>  . 

26.  Jayanthi  P,  Lalitha  P,  Sripathi  S.  Phytochemical
investigation of the extracts of Eichhornia crassipes and its
solvent  fractionates.  J  Pharm  Sci.  2011;4(5):1405–6.
<  URL>  . 

27. Zhang Y, Shen Y, Zhang H, Wang L, Zhang H, Qian H,
et  al.  Isolation,  purification  and  identification  of  two
antioxidant  peptides  from  water  hyacinth  leaf  protein
hydrolysates  (WHLPH).  Eur  Food  Res  Technol.  2018
Jan;244(1):83–96. <  DOI>  . 

28. Lara-Serrano J, Rutiaga-Quiñones O, López-Miranda J,
Fileto-Pérez  H,  Pedraza-Bucio  F,  Rico-Cerda  J,  et  al.
Physicochemical  characterization  of  water  hyacinth
(Eichhornia  crassipes  (Mart.)  Solms).  Bioresources.
2016;11(3):7214–23.

29.  Lata  N,  Dubey  V.  Quantification  and  identification  of
alkaloids of Eichhornia crassipes: the world’s worst aquatic
plant. J Phar Res. 2010;3:1229–31.

30. Tyagi T, Agarwal M. Phytochemical screening and GC-
MS  analysis  of  bioactive  constituents  in  the  ethanolic
extract  of  Pistia  stratiotes  L.  and  Eichhornia  crassipes
(Mart.)  solms.  Journal  of  Pharmacognosy  and
Phytochemistry. 2017;6(1):195–206.

31.  Lalitha  P,  Sripathi  SK,  Jayanthi  P.  Secondary
Metabolites  of  Eichhornia  crassipes  (Waterhyacinth):  A
Review (1949 to 2011). Natural Product Communications.
2012 Sep;7(9):1934578X1200700. <  DOI>  . 

32.  Lata  N,  Huma  A,  Sumana  D,  Veenapani  D,  others.
Antioxidants  of  Eichhornia  crassipes:  the  world’s  worst
aquatic  plant.  Journal  of  Pharmacy  Research.
2010;3(9):2105–6.

33. Elvira K, Fachriyah E, Kusrini D. Isolation of Flavonoid
Compounds  from  Eceng  Gondok  (Eichhornia  crassipes)
and  Antioxidant  Tests  with  DPPH  (1,1-Diphenyl-2-
Picrylhydrazyl)  Method.  J  Kim  Sains  Apl.  2018  Oct
31;21(4):187–92. <  DOI>  . 

34.  Lata  N,  Veenapani  D,  others.  Isolation  of  flavonoids
from Eichhornia crassipes: the world’s worst aquatic plant.
Journal of Pharmacy Research. 2010;3(9):2116–8.

35. Ben Bakrim W, Ezzariai A, Karouach F, Sobeh M, Kibret
M, Hafidi  M, et  al.  Eichhornia crassipes  (Mart.)  Solms: A
Comprehensive  Review  of  Its  Chemical  Composition,
Traditional  Use,  and  Value-Added  Products.  Front
Pharmacol. 2022 Mar 18;13:842511. <  DOI>  . 

36.  Mtewa  A,  Deyno  S,  Ngwira  K,  Lampiao  F,  Peter  E,
Ahovegbe  L,  et  al.  Drug-like  properties  of  anticancer
molecules elucidated from Eichhornia crassipes. Journal of

863

https://doi.org/10.3389/fphar.2022.842511
https://doi.org/10.3389/fphar.2022.842511
https://doi.org/10.14710/jksa.21.4.187-192
https://doi.org/10.14710/jksa.21.4.187-192
https://doi.org/10.1177/1934578X1200700939
https://doi.org/10.1177/1934578X1200700939
https://doi.org/10.1007/s00217-017-2941-z
https://doi.org/10.1007/s00217-017-2941-z
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.735.9677&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.735.9677&rep=rep1&type=pdf
https://doi.org/10.1016/j.ecoleng.2012.03.002
https://doi.org/10.1016/j.ecoleng.2012.03.002
https://doi.org/10.1007/s12524-020-01107-6
https://doi.org/10.1007/s12524-020-01107-6
https://doi.org/10.1155/2020/3452172
https://doi.org/10.1155/2020/3452172
https://doi.org/10.1088/1757-899X/673/1/012017
https://doi.org/10.1088/1757-899X/673/1/012017
https://doi.org/10.3390/polym12081704
https://doi.org/10.3390/polym12081704
https://doi.org/10.15255/CABEQ.2015.2284
https://doi.org/10.15255/CABEQ.2015.2284
https://doi.org/10.1186/1472-6882-14-397
https://doi.org/10.1186/1472-6882-14-397
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.735.2158&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.735.2158&rep=rep1&type=pdf
https://doi.org/10.5958/2319-6890.2017.00024.1
https://doi.org/10.5958/2319-6890.2017.00024.1
https://linkinghub.elsevier.com/retrieve/pii/B9780128159989000191


Gebrehiwot H, Dekebo A, Endale M. JOTCSA. 2022; 9(3): 849-866. REVIEW ARTICLE

Pharmacognosy  and  Phytochemistry.  2018;7(5):2075–9.
<  DOI>  . 

37. Shanab S, Ameer M, Fekry A, Ghoneim A, Shalaby E.
Corrosion  resistance  of  magnesium  alloy  (AZ31E)  as
orthopaedic  biomaterials  in  sodium  chloride  containing
antioxidantly active compounds from Eichhornia crassipes.
Int J Electrochem Sci. 2011;6:3017–35.

38. Shanab SMM, Shalaby EA, Lightfoot DA, El-Shemy HA.
Allelopathic  Effects  of  Water  Hyacinth  [Eichhornia
crassipes].  Ahmed  N,  editor.  PLoS  ONE.  2010  Oct
8;5(10):e13200. <  DOI>  . 

39.  Fileto-Pérez HA,  Rutiaga-Quiñones OM, Sytsma MD,
Lorne  IM,  Luo W,  Pankow JF,  et  al.  GC/MS analysis  of
some extractives from Eichhornia crassipes. BioResources.
2015;

40.  Kumar  RS,  Balasubramanian  P,  Govindaraj  P,
Krishnaveni T. Preliminary studies on phytochemicals and
antimicrobial  activity  of  solvent  extracts  of  Coriandrum
sativum  L.  roots  (Coriander).  Journal  of  Pharmacognosy
and Phytochemistry. 2014;2(6).

41.  Martins  PF,  de  Melo  MMR,  Sarmento  P,  Silva  CM.
Supercritical  fluid  extraction  of  sterols  from  Eichhornia
crassipes biomass using pure and modified carbon dioxide.
Enhancement  of  stigmasterol  yield  and  extract
concentration.  The  Journal  of  Supercritical  Fluids.  2016
Jan;107:441–9. <  DOI>  . 

42. Silva RP, de Melo MMR, Silvestre AJD, Silva CM. Polar
and  lipophilic  extracts  characterization  of  roots,  stalks,
leaves and flowers of water hyacinth (Eichhornia crassipes),
and insights for its future valorization. Industrial Crops and
Products. 2015 Dec;76:1033–8. <  DOI>  . 

43. Singh KS, Sawant SG, Prabha D, Kaminsky W, others.
Stigmasterol  from  Eichhornia  crassipes (water  hyacinth):
isolation,  characterization  and  X-ray  structure.  Asian
Journal of Chemistry. 2015;27(8):3028–30.

44. DellaGreca M, Previteira L, Zarrelli A. Structures of New
Phenylphenalene-Related  Compounds  from  Eichornia
crassipes  (Water  Hyacinth).  Tetrahedron.  2009;  65(39):
8206-8. <DOI>. 

45. Kumar D, Karthik M, Rajakumar R. In-silico antibacterial
activity of active phytocompounds from the ethanolic leaves
extract  of  Eichhornia  crassipes  (Mart)  Solms.  against
selected  target  pathogen  Pseudomonas  fluorescens.  J
Pharmacogn Phytochem. 2018;7:12–5.

46. Muthunarayanan V, Santhiya M, Swabna V, Geetha A.
Phytodegradation  of  textile  dyes  by  water  hyacinth
(Eichhornia  crassipes)  from  aqueous  dye  solutions.
International  Journal  of  Environmental  Sciences.
2011;1(7):1702.

47.  Adelodun  AA,  Hassan  UO,  Nwachuckwu  VO.
Environmental,  mechanical,  and  biochemical  benefits  of

water  hyacinth  (Eichhornia  crassipes).  Environ  Sci  Pollut
Res. 2020 Aug;27(24):30210–21. <  DOI>  . 

48.  Annie  S,  Raveen R,  Paulraj  M,  Samuel  T,  Arivoli  S.
Screening  of  Eichhornia  crassipes  (Mart.)  Solms
(Pontederiaceae)  crude leaf  extracts  for larvicidal  efficacy
against  the  filarial  vector  Culex  quinquefasciatus  say
(Diptera: Culicidae). J Mosq Res. 2015;2:43–8.

49.  Bochkov  DV,  Sysolyatin  SV,  Kalashnikov  AI,
Surmacheva  IA.  Shikimic  acid:  review  of  its  analytical,
isolation,  and  purification  techniques  from  plant  and
microbial  sources.  J  Chem  Biol.  2012  Jan;5(1):5–17.
<  DOI>  . 

50.  Tulika T,  Mala A. Pharmaceutical  potential  of  aquatic
plant Pistia stratiotes (L.) and Eichhornia crassipes. Journal
of  Plant  Science,  Special  Issue:  Medicinal  Plants.
2015;3:10–8.

51. Hussain Z, Khan KM, Perveen S, Zaman K, Hayat G,
Karim A, et al. The Long Chain Alcohols of the n-hexane
Fraction  of  Water  Hyacinth  (Eichhornia  crassipes):
Extraction,  Estimation,  GC-MS Analysis  and Antimicrobial
Activity.  Journal  of  the  Chemical  Society  of  Pakistan.
2015;37(1).

52. Verma VK, Prakash O, Kumar RSR, Rani KV, Sehgal N.
Water  hyacinth  (Eichhornia  crassipes)  leaves  enhances
disease resistance in  Channa punctata from Vibrio harveyi
infection. JoBAZ. 2021 Dec;82(1):6. <  DOI>  . 

53. Bartfay WJ, Bartfay E, Johnson JG. Gram-Negative and
Gram-Positive Antibacterial  Properties of  the Whole Plant
Extract of Willow Herb (Epilobium angustifolium). Biological
Research For Nursing. 2012 Jan;14(1):85–9. <  DOI>  . 

54. Lavecchia T, Rea G, Antonacci A, Giardi MT. Healthy
and  Adverse  Effects  of  Plant-Derived  Functional
Metabolites:  The  Need  of  Revealing  their  Content  and
Bioactivity  in  a Complex Food Matrix.  Critical  Reviews in
Food  Science  and  Nutrition.  2013  Jan;53(2):198–213.
<  DOI>  . 

55. Marasini BP, Baral P, Aryal P, Ghimire KR, Neupane S,
Dahal N, et al. Evaluation of Antibacterial Activity of Some
Traditionally  Used  Medicinal  Plants  against  Human
Pathogenic  Bacteria.  BioMed  Research  International.
2015;2015:1–6. <  DOI>  . 

56.  Valenzuela  B,  Imarai  M,  Torres  R,  Modak  B.
Immunomodulatory  effects  of  the  aromatic  geranyl
derivative  filifolinone  tested  by  the  induction  of  cytokine
expression.  Developmental  &  Comparative  Immunology.
2013 Dec;41(4):675–82. <  DOI>  . 

57. Nugriani NO, Diah IW, ST, Yusri S, M.T SS. Antioxidant
Stability  Testing  On  Liquid  And  Powder  Eichhornia
Crassipes Extract. IOP Conf Ser: Mater Sci Eng. 2020 Jan
1;742(1):012019. <  DOI>  . 

864

https://doi.org/10.1088/1757-899X/742/1/012019
https://doi.org/10.1088/1757-899X/742/1/012019
https://doi.org/10.1016/j.dci.2013.08.001
https://doi.org/10.1016/j.dci.2013.08.001
https://doi.org/10.1155/2015/265425
https://doi.org/10.1155/2015/265425
https://doi.org/10.1080/10408398.2010.520829
https://doi.org/10.1080/10408398.2010.520829
https://doi.org/10.1177/1099800410393947
https://doi.org/10.1177/1099800410393947
https://doi.org/10.1186/s41936-020-00203-w
https://doi.org/10.1186/s41936-020-00203-w
https://doi.org/10.1007/s12154-011-0064-8
https://doi.org/10.1007/s12154-011-0064-8
https://doi.org/10.1007/s11356-020-09221-1
https://doi.org/10.1007/s11356-020-09221-1
https://doi.org/10.1016/j.tet.2009.07.069
https://doi.org/10.1016/j.indcrop.2015.07.055
https://doi.org/10.1016/j.indcrop.2015.07.055
https://doi.org/10.1016/j.supflu.2015.09.027
https://doi.org/10.1016/j.supflu.2015.09.027
https://doi.org/10.1371/journal.pone.0013200
https://doi.org/10.1371/journal.pone.0013200
https://nru.uncst.go.ug/xmlui/handle/123456789/551
https://nru.uncst.go.ug/xmlui/handle/123456789/551


Gebrehiwot H, Dekebo A, Endale M. JOTCSA. 2022; 9(3): 849-866. REVIEW ARTICLE

58.  Islam  S.  In  Vitro  evaluation  of  Thrombolytic  and
Antioxidant  Scavenging  Activity  of  Eichhornia  crassipes.
SEU J Eng Sci. 2018;12(2):1.

59.  Hamid  HH,  Ghaima  K,  Najem  A.  Photochemical,
antioxidant and antibacterial  activities of some extracts of
water  hyacinth  (Eichhornia  crassipes)  leaves.  Int  J  Adv
Pharm Res. 2013;4:1847–51.

60.  Aboul-Enein AM, Al-Abd AM, Shalaby E,  Abul-Ela F,
Nasr-Allah AA, Mahmoud AM, et  al.  Eichhornia crassipes
(Mart)  solms:  From  water  parasite  to  potential  medicinal
remedy. Plant Signaling & Behavior. 2011 Jun;6(6):834–6.
<  DOI>  . 

61.  Sanaa  MS,  Emad  AS.  Biological  activities  and
anticorrosion  efficiency  of  water  hyacinth  (Eichhornia
crassipes).  Journal  of  Medicinal  Plants  Research.
2012;6(23):3950–62.

62.  Shehnaz  B,  Vijayalakshmi  M.  Antibacterial  Activity  of
Methanolic Extract of the Flowers of  Eichhornia crassipes
(Mart.) Solms. Against Two Different Strains of Bacteria. Int
J Pharm Bio Sci. 2016;7:1088–91.

63.  Rufchaie R, Mirvaghefi  A,  Hoseinifar  SH,  Valipour  A.
Anti-microbial Activity of  Echhornia Crasippes  Aquatic and
Hydromethanolic  Leaves  Extract.  Journal  of  Fisheries.
2018;71(1):31–41.

64. Arismawati A, Ulfah N, Bargowo L. Inhibition Activity of
Water  Hyacinth  Leaf  Extract  (Eichornia Crassipes)  to  the
Growth  of  Subgingival  Plaque  Bacteria  Colony.  Mlu.
2021;21(1):552–6.

65.  Baral  B,  Vaidya  GS.  Biological  and  chemical
assessment of water hyacinth (Eichhornia crassipes (mart.)
Solms.)  of  Phewa  Lake,  Nepal.  Sci  World.  1970  Jan
1;9(9):57–62. <  DOI>  . 

66.  Chang CC,  Cheng  W.  Multiple  dietary  administrating
strategies  of  water  hyacinth  (Eichhornia  crassipes)  on
enhancing the immune responses and disease resistance
of  giant  freshwater  prawn,  Macrobrachium  rosenbergii.
Aquac Res. 2016 Jan;47(1):140–52. <  DOI>  . 

67. Gutiérrez-Morales A, Velázquez-Ordoñez V, Khusro A,
Salem AZM, Estrada-Zúñiga ME, Salem MZM, et al. Anti-
staphylococcal properties of  Eichhornia crassipes, Pistacia
vera , and Ziziphus amole leaf extracts: Isolates from cattle
and rabbits. Microbial Pathogenesis. 2017 Dec;113:181–9.
<  DOI>  . 

68.  Haggag  MW,  Abou  El  Ella  SM,  Abouziena  HF.
Phytochemical Analysis, Antifungal, Antimicrobial Activities
and Application of Eichhornia crassipes Against Some Plant
Pathogens. Planta daninha [Internet]. 2017 [cited 2022 Jun
17];35(0). <  DOI>  . 

69.  Hossain J,  Khan A, Uddin MA.  Antimicrobial  Efficacy
and Phytochemical Analysis of Three Aquatic Plant Species
in Bangladesh. Bangla J Microbiol. 2019 Jan 15;35(1):7–11.
<  DOI>  . 

70.  Jagathesan  G,  Rajiv  P.  Biosynthesis  and
characterization  of  iron  oxide  nanoparticles  using
Eichhornia  crassipes leaf  extract  and  assessing  their
antibacterial  activity.  Biocatalysis  and  Agricultural
Biotechnology. 2018 Jan;13:90–4. <  DOI>  . 

71.  Joshi  M,  Kaur  S.  In  vitro  evaluation  of  antimicrobial
activity and phytochemical  analysis of  Calotropis procera,
Eichhornia  crassipes and  Datura  innoxia  leaves.  Asian  J
Pharm Clin Res. 2013;6(5):25–8.

72.  Kiristos  TG,  Kebede  A,  Chaithanya  KK,  Teka  MZ.
Evaluation  of  in  vitro  antibacterial  potential  of  Eichhornia
crassipes leaf extracts. Drug Invention Today. 2018;10(5).

73. Thombre R, Chitnis A, Kadam V, Bogawat Y, Colaco R,
Kale A. A facile method for synthesis of biostabilized silver
nanoparticles  using  Eichhornia  crassipes  (Mart.)  Solms
(water hyacinth). 2014;

74. Vadlapudi V. In vitro antimicrobial activity of methanolic
extract of selected Indian medicinal plants. Pharmacophore.
2010;1(3):214–9.

75.  Liu  CC,  Zhao  GL,  Li  YN,  Ding  ZP,  Liu  QG,  Li  JL.
Contribution  of  Phenolics  and  Flavonoids  to  Anti-Oxidat
Activity and of Ethanol Extract from  Eichharnia crassipes.
AMR. 2010 Oct;156–157:1372–7. <  DOI>  . 

76. Tulika T, Puneet P, Mala A. Qualitative phytochemical
analysis  and  antioxidant  activity  of  methonolic  extract  of
Eichhornia crassipes (Mart.) Solms and  Pistia stratiotes L.
International Journal of Pharmacognosy and Phytochemical
Research. 2017;9:632–6.

77. Jayanthi P, Lalitha P, Sujitha R, Thamaraiselvi A. Anti-
inflammatory  activity  of  the  various  solvent  extracts  of
Eichhornia crassipes (Mart.) Solms. International Journal of
PharmTech Research. 2013;5(2):641–5.

78. Rorong JA, Sudiarso S, Prasetya B, Polii-Mandang J,
Suryanto  E.  Phytochemical  analysis  of  eceng  gondok
(Eichhornia  crassipessolms)  of  agricultural  waste  as
biosensitizer for Ferri photoreduction. AGRIVITA, Journal of
Agricultural Science. 2012;34(2):152–60.

79. Sharma AK, Sharma V, Sharma V, Sharma J, Singh R.
Multifaceted  potential  of  Eichhornia  crassipes  (Water
Hyacinth)  ladened  with  numerous  value  aided  and
therapeutic properties. Plant Archives. 2020;20(2):2059–65.

80. Lenora L, Kumara JS, Murugesanb S, Senthilkumarb N.
Anticancer Activity of water hyacinth [Eichhornia crassipes
(mart)  solms]  on  human  cervical  cancer  cell  line.  Octa
Journal of Environmental Research. 2015;3(4):327–31.

81. Ali H, Lata N, Ahi J, Ganesh N. Evaluation of wound-
healing activity of  Eichornia crassipes:  A novel  approach.
Drug Invention Today. 2010;2(3).

865

https://doi.org/10.4028/www.scientific.net/AMR.156-157.1372
https://doi.org/10.4028/www.scientific.net/AMR.156-157.1372
https://doi.org/10.1016/j.bcab.2017.11.014
https://doi.org/10.1016/j.bcab.2017.11.014
https://doi.org/10.3329/bjm.v35i1.39797
https://doi.org/10.3329/bjm.v35i1.39797
https://doi.org/10.1590/s0100-83582017350100026
https://doi.org/10.1590/s0100-83582017350100026
https://doi.org/10.1016/j.micpath.2017.10.015
https://doi.org/10.1016/j.micpath.2017.10.015
https://doi.org/10.1111/are.12477
https://doi.org/10.1111/are.12477
https://doi.org/10.3126/sw.v9i9.5520
https://doi.org/10.3126/sw.v9i9.5520
https://doi.org/10.4161/psb.6.6.15166
https://doi.org/10.4161/psb.6.6.15166


Gebrehiwot H, Dekebo A, Endale M. JOTCSA. 2022; 9(3): 849-866. REVIEW ARTICLE

82.  Thorat  LJ,  Nath  BB.  Effects  of  water  hyacinth
Eichhornia  crassipes  root  extracts  on  midge  Chironomus
ramosus  larvae:  a  preliminary  note.  Physiological
Entomology. 2010 Dec;35(4):391–3. <  DOI>  . 

83.  Bote MA,  Naik  VR,  Jagadeeshgouda KB.  Review on
water hyacinth weed as a potential  bio fuel crop to meet
collective  energy  needs.  Materials  Science  for  Energy
Technologies. 2020;3:397–406. <  DOI>  . 

84.  Ohiagu  FO,  Chikezie  PC,  Chikezie  CM,  Enyoh  CE.
Anticancer  activity of  Nigerian medicinal  plants:  a review.
Futur J Pharm Sci. 2021 Dec;7(1):70. <  DOI>  . 

85.  Turnipseed  RK,  Moran  PJ,  Allan  SA.  Behavioral
responses of gravid Culex quinquefasciatus, Aedes aegypti
,  and  Anopheles  quadrimaculatus  mosquitoes  to  aquatic
macrophyte  volatiles.  Journal  of  Vector  Ecology.  2018
Dec;43(2):252–60. <  DOI>  . 

86.  Bhattacharya A, Kumar P et  al.  Water  hyacinth as a
potential biofuel crop. Electronic Journal of Environmental,
Agricultural and Food Chemistry. 2010;9(1):112–22.

87.  Brandt  A,  Gräsvik  J,  Hallett  JP,  Welton  T.
Deconstruction of lignocellulosic biomass with ionic liquids.
Green Chem. 2013;15(3):550. <  DOI>  . 

88.  Manyuchi  MM, Mbohwa C, Muzenda E, Mutusva TN,
Mpeta  M.  Degradation  of  Water  Hyacinth  (Eichhornia
crassipes)  to  Vermicompost  through  Application  of  the
Vermicomposting  Technology.  In:  Proc  Int  Conf  Ind  Eng
Oper Manag IEOM. 2019. p. 79–88.

89. Rezania S, Alizadeh H, Park J, Din MFM, Darajeh N,
Ebrahimi SS, et al. Effect of various pretreatment methods
on  sugar  and  ethanol  production  from  cellulosic  water
hyacinth. BioResources. 2019;14(1):592–606.

90. Sasmal S, Mohanty K. Pretreatment of Lignocellulosic
Biomass Toward Biofuel Production. In: Kumar S, Sani RK,
editors. Biorefining of Biomass to Biofuels [Internet]. Cham:
Springer International Publishing; 2018 [cited 2022 Jun 18].
p.  203–21. (Biofuel  and Biorefinery  Technologies;  vol.  4).
<URL>. 

91.  Carreño  Sayago  UF,  Rodríguez  C.  Design  and
Construction of a Biohydrogen and Bioethanol Production
System  from  the  Biomass  of  the  Eichhornia  crassipes
[Internet].  ENGINEERING; 2018 May [cited 2022 Jun 18].
<URL>. 

92. Nguyen Thi BT, Ong LK, Nguyen Thi DT, Ju YH. Effect
of  subcritical  water  pretreatment  on cellulose recovery of
water  hyacinth  (Eichhornia  crassipes).  Journal  of  the
Taiwan Institute of Chemical  Engineers.  2017 Feb;71:55–
61. <  DOI>  . 

93.  Bayrakci  AG, Koçar G. Second-generation bioethanol
production from water hyacinth and duckweed in Izmir: A
case study. Renewable and Sustainable Energy Reviews.
2014 Feb;30:306–16. <  DOI>  . 

94.  Bhattacharya  A,  Haldar  S,  Chatterjee  P,  others.
Geographical distribution and physiology of water hyacinth
(Eichhornia  crassipses)  the  invasive  hydrophyte  and  a
biomass  for  producing  xylitol.  International  Journal  of
ChemTech Research. 2015;7(4):1849–61.

95. Das A, Ghosh P, Paul T, Ghosh U, Pati BR, Mondal KC.
Production  of  bioethanol  as  useful  biofuel  through  the
bioconversion  of  water  hyacinth (Eichhornia  crassipes).  3
Biotech. 2016 Jun;6(1):70. <  DOI>  . 

96.  Rodionova  MV,  Poudyal  RS,  Tiwari  I,  Voloshin  RA,
Zharmukhamedov SK, Nam HG, et al. Biofuel production:
Challenges  and  opportunities.  International  Journal  of
Hydrogen Energy. 2017 Mar;42(12):8450–61. <  DOI>  . 

97. Ruan T, Zeng R, Yin X, Zhang S, Yang Z, others. Water
hyacinth  (Eichhornia  crassipes)  biomass  as  a  biofuel
feedstock  by  enzymatic  hydrolysis.  BioResources.
2016;11(1):2372–80. 

98. Sagar CV, Kumari NA. Sustainable biofuel  production
from  water  Hyacinth  (Eicchornia  crassipes).  Int  J  Eng
Trends Technol. 2013;4(10):4454–8.

99. Wang Z, Zheng F, Xue S. The Economic Feasibility of
the  Valorization  of  Water  Hyacinth  for  Bioethanol
Production. Sustainability. 2019 Feb 11;11(3):905. <  DOI>  . 

100.  Shanab  SMM,  Hanafy  EA,  Shalaby  EA.  Water
Hyacinth  as  Non-edible  Source  for  Biofuel  Production.
Waste Biomass Valor. 2018 Feb;9(2):255–64. <  DOI>  . 

101.  Merry  M.  Mitan  N.  Water  hyacinth:  Potential  and
Threat.  Materials  Today:  Proceedings.  2019;19:1408–12.
<  DOI>  . 

102. Alagu K, Venu H, Jayaraman J, Raju VD, Subramani
L,  Appavu  P,  et  al.  Novel  water  hyacinth  biodiesel  as  a
potential  alternative  fuel  for  existing  unmodified  diesel
engine:  Performance,  combustion  and  emission
characteristics. Energy. 2019 Jul;179:295–305. <  DOI>  . 

103. Aswathy US, Sukumaran RK, Devi GL, Rajasree KP,
Singhania RR, Pandey A. Bio-ethanol from water hyacinth
biomass:  An  evaluation  of  enzymatic  saccharification
strategy.  Bioresource  Technology.  2010  Feb;101(3):925–
30. <  DOI>  . 

866

https://doi.org/10.1016/j.biortech.2009.08.019
https://doi.org/10.1016/j.biortech.2009.08.019
https://doi.org/10.1016/j.energy.2019.04.207
https://doi.org/10.1016/j.energy.2019.04.207
https://doi.org/10.1016/j.matpr.2019.11.160
https://doi.org/10.1016/j.matpr.2019.11.160
https://doi.org/10.1007/s12649-016-9816-6
https://doi.org/10.1007/s12649-016-9816-6
https://doi.org/10.3390/su11030905
https://doi.org/10.3390/su11030905
https://doi.org/10.1016/j.ijhydene.2016.11.125
https://doi.org/10.1016/j.ijhydene.2016.11.125
https://doi.org/10.1007/s13205-016-0385-y
https://doi.org/10.1007/s13205-016-0385-y
https://doi.org/10.1016/j.rser.2013.10.011
https://doi.org/10.1016/j.rser.2013.10.011
https://doi.org/10.1016/j.jtice.2016.12.028
https://doi.org/10.1016/j.jtice.2016.12.028
http://www.preprints.org/manuscript/201805.0393/v1
http://link.springer.com/10.1007/978-3-319-67678-4_9
https://doi.org/10.1039/c2gc36364j
https://doi.org/10.1039/c2gc36364j
https://doi.org/10.1111/jvec.12309
https://doi.org/10.1111/jvec.12309
https://doi.org/10.1186/s43094-021-00222-6
https://doi.org/10.1186/s43094-021-00222-6
https://doi.org/10.1016/j.mset.2020.02.003
https://doi.org/10.1016/j.mset.2020.02.003
https://doi.org/10.1111/j.1365-3032.2010.00745.x
https://doi.org/10.1111/j.1365-3032.2010.00745.x

	Abstract: Eichhornia crassipes (Mart.) Solms, commonly known as water hyacinth, is one of the free-floating macrophytes with substantial damaging effects on aquatic environment, but it has significant industrial and medicinal applications. Several metabolites such as vitamins, tannins, saponins, terpenoids, phenolic compounds, lignins, flavonoids, alkaloids, and sterols have been reported from the plant. The presence of such secondary metabolites made it possess a wide array of therapeutic properties, of which alkaloids, phenolic compounds, triterpenoids, flavonoids, tannins, and saponins reported from the plant were found to show promising pharmacological effects. This review endeavors to provide a comprehensive and up-to-date compilation of documented chemical constituents, pharmacological activities, and renewable energy profiles of water hyacinth. The literature encountered showed that potassium, chlorine, calcium, and aluminum were among the nutritionally important elements reported in large amounts from the plant. In this review, the findings of different extracts (methanol, aqueous, chloroform, and hexane extracts) of the plant have been reviewed for their pharmacological and biological effects and results were promising. The plant's anti-inflammatory, antioxidant, antifungal, antiaging, anticancer, hepatoprotective, and antibacterial properties, as well as other biological activities like insecticidal, allelopathic, and larvicidal effects, are extensively documented. The plant also demonstrated a wide spectrum of uses, including biofuel production, compost production, and bioremediation. On the other hand, clogging of waterways, breeding grounds for pests and disease, reduction of water quality, loss of biodiversity, and economic recession in invaded areas are negative aspects associated with it. So, the present review summarizes the potential of Eichhornia crassipes as a valuable source of natural compounds with desirable pharmacological effectiveness, predicting that the compilation will benefit future studies. The renewable energy profiles of the weed are also well presented.
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