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GOSSYPIUM HIRSUTUM L. AND GOSSYPIUM BARBADENSE L.: DIFFERENCES IN 
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Gossypium L. generally called cotton plants are used indiscriminately in traditional medicine without cognisance 
to the fact that there are different cotton species and the likelihood of  differences in phytochemical content and 
ultimately, their medicinal capabilities. This study reports the differences in the phytochemical contents, 
antioxidant and antimicrobial properties of  extracts of  leaves of  two cotton species, Gossypium hirsutum L. and 
Gossypium barbadense L. Leaf  samples from mature G. hirsutum and G. barbadense plants were collected, shade-
dried and powdered. Phytochemical contents were quantified while antioxidant activity was tested through 1,1-
diphenyl-2-picrylhydrazyl (DPPH) scavenging activity and reducing power.  Aqueous, decocted aqueous and 
ethanol leaf  extracts of  G. hirsutum and G. barbadense were tested against Esherichia coli (known to cause 
gastrointestinal infections and urinary tract infections), Staphylococcus aureus (known to cause skin infection), 
Klebsiella pneumoniea and Pseudomonas aeruginosa (known to cause bronchial infections and pneumonia). The 
results showed that tannins and phenols were present in leaves of  G. hirsutum but absent in G. barbadense.  Leaves 
of  G. hirsutum contained significantly higher (at p<0.05) amount of  total glycosides (156.44 ± 2.05 mg /100g) 
and flavonoid (120.85 ± 0.32 mg /100g, twice as much) than G. barbadense.  Gossypium hirsutum showed higher 
DPPH free radical scavenging activity and reducing power than G. barbadense.  Gossypium hirsutum showed higher 
zones of  inhibition (mm) in all organisms than G. barbadense.  It can therefore be concluded that G. hirsutum 
leaves have higher phytochemical contents as well as antioxidant and antimicrobial activities than G. barbadense.  
Gossypium hirsutum is therefore recommended for use as against G. barbadense where the choice is available.  
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INTRODUCTION 
The cotton genus Gossypium (Family Malvaceae) 
comprises of  about 50 species and few new 
species continue to be discovered (Wendel et al., 
2009).   The species of  this genus are generally 
shrubs or shrub-like plants which are 
extraordinarily diverse in morphology and 
adaptation (Wendel et al., 2009).  The name 
“cotton” (English) originated from the Arabic 
term “al qutn” and it describes species that 
produce spinnable fibres (lint) on their seed coat 
(Lee, 1984).  The name 'cotton plant' is actually 
used for four species in the genus Gossypium: G. 
hirsutum L., G. barbadense L., G. arboretum L. and G. 
herbaceum L. that were domesticated independently 
as a source of  textile fiber (Brubaker et al., 1999).  
Today G. hirsutum and G. barbadense are the major 
cultivated species with G. hirsutum accounting for 
90% of  world cotton production (Jerkins, 2003) 
while G. barbadense represents approximately 5% 
(Wu et al., 2005). In addition to their economic 

importance, the leaf, root, bark and seeds of  
Gossypium species have been widely explored for 
their medicinal values.  Gossypium barbadense 
extracts are sold for use in alternative medicine for 
treatment of  hypertension, fungal infections and 
as an abortifacient or emmenagogue or 
menstruation stimulant (Hasrat et al., 2004; Mans 
et al., 2004).  Gossypium hirsutum has been shown to 
have bioinsecticidal and antitrypanocidal 
properties (Atawodi et al., 2003; Abe et al., 2004; 
Abdullahi 2004), antiviral (Fasola et al., 2011) as 
well as antimicrobial properties (Omojasola and 
Awe, 2004). Other Gossypium species such as G. 
herbaceum (Singh et al., 2011; Dhamija et al., 2011; 
Kumar et al., 2011) and G. arboretum (Saidu and 
Abdulahhi, 2011) have also been shown to have 
medicinal properties.

Gossypium barbadense and G. hirsutum are the most 
commonly found Gossypium species in Nigeria 
(mostly in the south), with G. barbadense occurring 
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the most.  In nature, G. hirsutum is a perennial 
shrub that grows to approximately 1.5 – 2 m in 
height, while G. barbadense grows to approximately 
3 m in height.  Gossypium hirsutum is heliotropic, its 
leaves are generally flat and track the sun to 
maximize light adsorption throughout the day to 
reduce photobleaching and transpiration (Wise et 
al., 2002).  Gossypium hirsutum is widely branching, 
the stem more or less stellate – pubescent, having 
gland dots throughout while G. barbadense is 
arborescent with the stem sparsely stellate to 
pubescent to glabrous and prominently gland 
dotted.  Gossypium hirsutum has long petiolate, 
cordate, weakly 3-5 lobes, lobes broadly triangle to 
ovate, acute to acuminate leaves whereas G. 
barbadense has petiolate, cordate, 3-7 lobes, 
palmately 7-9 nerved, glabrate, lobes ovate, entire, 
acuminate with 1-5 foliar nectarines beneath.  The 
stipules of  G. hirsutum are subulate to falcate and 5-
15 mm long whereas those of  G. barbadense are 
subulate to falcate and 10-50 mm long (Fryxell, 
1984).  Gossypium hirsutum flowers are cream in 
colour while G. barbadense has yellow flowers. The 
nectar of  G .  hirsutum contains higher 
concentration of  sugar than that of  G. barbadense 
(Moffet, 1983).  Gossypium hirsutum has been 
shown to have larger anatomical and physiological 
features (Lu et al., 1997; Wise et al., 2002) 
compared to G. barbadense which according to 
Wise et al. (2002) may limit the yield potential of  G. 
barbadense in certain growing environments.

According to Estrada-Reyes et al. (2004), genetic 
diversity even as narrow as variety level affects 
phytochemical composition and medicinal value.  
Though, literature on Gossypium species is 
confusing and authors disagree on the identity of  
species, subspecies, sections, varieties, forms, 
races and cultivars that have been distinguished 
(Brink and Achigan-Dako, 2012), it does not 
however, silence the fact that different Gossypium 
species such as G. hirsutum and G. barbadense, are 
likely to have differences in phytochemical 
composition and medicinal value. 

Levels of  phytochemicals such as alkaloids, 
glycosides, phenols, saponins and tannins were 
compared.  Phenolics, alkaloids and glycosides are 
compounds that have been documented to 
possess medicinal properties (Rosbard et al., 1999).  
The importance of  alkaloids, saponins and 

tannins in various antibiotics used in treating 
common pathogenic strain  have been reported by 
Cragg and Newman (2001), Edeoga et al. (2005) 
and Kubmarawa et al. (2007).  1, 1 – diphenyl- 2-
picrylhydrazyl (DPPH) is free radical that accepts 
an electron or hydrogen radical to become a stable 
diamagnetic molecule.  It is therefore used as a 
substrate to evaluate the antioxidative activity of  
antioxidants.  DPPH assay has been widely 
applied in a number of  studies to evaluate the 
radical scavenging ability of  antioxidants (Brad-
Williams et al., 1995).  DPPH scavenging activity is 
compared based on the IC  value.  IC  value is the 50 50

concentration of  the extract required to scavenge 
50% of  DPPH radical.  According to Oktay et al. 
(2003), reducing power is associated with 
antioxidant activity and may serve as a significant 
reflection of  the antioxidant activity.  Compounds 
with reducing power indicate that they are electron 
donors and can reduce the oxidized intermediates 
of  lipid peroxidation processes, so that they can 
act as primary and secondary antioxidants 
(Jayanthi and Lalitha, 2011).

However, in Nigeria, little attention is paid to 
species differences in Gossypium and as such 
traditional medicine practitioners believe that any 
plant producing cotton lint would suffice for 
medicinal use irrespective of  the species; with the 
belief  that they are varieties of  the same species 
(personal communication with practitioners).  
Generally there is no scientific report on the 
possibility of  the two species having the potential 
to substitute each other in medicinal use.  This 
study therefore investigated the differences in the 
phytochemical contents, antimicrobial and 
antioxidant properties of  G. hirsutum and G. 
barbadense, in order to establish the species with 
possible higher medicinal value.

MATERIALS AND METHODS

Collection of  plant material 
Leaves of  G. hirsutum L. and G. barbadense L. were 
collected in the morning from mature trees at 
flowering stage and taken to the Herbarium of  
Department of  Botany, University of  Lagos, 
where they were identified and authenticated as G. 
hirsutum and G. barbadense. Collected leaves of  
both Gossypium species were cleaned and air-dried 
for a period of  14 days in the laboratory.  Dried 
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leaves were pulverized using electric blender and 
sieved to obtain fine powder of  the samples.

Quantitative Phytochemical Screening
Phytochemical analysis of  the powdered G. 
hirsutum and G. barbadense leaves were carried out 
using the method  of  Harborne (1973), Van Buren 
and Robinson(1981), Obadoni and Ochuko 
(2007) and Bohm and Kocipai-Abyazan (1994) to 
quantify the amount of  alkaloids, flavonoids, 
tannins, phenols, saponins, and glycosides.

Antioxidant activity tests

1, 1-diphenyl-2-picrylhydrazyl (DPPH) 
scavenging activity assay
The free radical scavenging activity of  methanol 
extracts against 1, 1-diphenyl-2-picrylhydrazyl 
(DPPH) was evaluated by the method of  Ursini et 
al. (1994).  One millitre of  various concentrations 
(25- 100 μg/ml) of  leaf  extracts were diluted in 3 
ml ethanol and mixed with 3 ml DPPH solution.  
The reaction mixture was shaken vigorously and 
incubated in the dark for 30 minutes.  The 
absorbance of  the solution was measured against 
a blank at 517 nm afterwards.  Percentage 
inhibition of  DPPH was calculated using the 
following equation: 

% Inhibition = [(A –A )/ A ]* 100o 1 o

Where A  is the absorbance of  the blank sample o

and A is the absorbance of  the tested sample. 1 

The IC  values of  the extracts were determined 50

from the graph of  DPPH activity over 
concentration of  extract.  IC  value is the 50

concentration of  the extract required to scavenge 
50% of  free radicals (Gawron-Gzella et al., 2012).

Reducing power assay
The reducing power of  the extracts was 
determined by the method described by Oyaizu 
(1986).  One millilitre of  various concentrations 
(25-100 μg/ml) of  the leaf  extracts were diluted in 
1 ml distilled water.  They were mixed with sodium 
phosphate buffer (2.5 ml, 0.2 M, pH 6.6) and 
potassium ferricyanide [K Fe(CN) ]  (2.5 ml,  1%).  3 6

°
They were incubated at 50 C for 20 min, 2.5 ml 
trichloroacetic acid (10%) was added to the 
mixtures and centrifuged at 3000 rpm for 10 min.  

The supernatant was dissolved in equal volume of  
distilled water, and 0.5 ml ferric chloride (0.1 %) 
added.   Absorbance was read at 700 nm using a 
UV/visible spectrophotometer and was 
compared with that of  ascorbic acid as standard.

Antimicrobial test

Preparation of  plant extracts
Decocted aqueous and ethanolic extracts of  the 
plant materials were prepared using the method 
described by Oyagade et al. (1999).  Decocted 
aqueous and ethanolic extraction of  the plant 
materials were carried out by suspending 20 g of  
pulverized leaf  samples in 200 ml of  water and 
200 ml in 95% ethanol respectively.  A preliminary 

o
test had shown that the aqueous extract at 25 C 
did not show any activity against the test 
organisms hence the decocted aqueous extract 

owas prepared in a water bath at 75 C for one and 
half  hours. The ethanolic extraction was done at 
room temperature and the extracts were decanted 
and filtered through Whatman filter paper No 10.  
The filtered extracts were sterilized using 
membrane filter and evaporated to dryness at 40 
oC.  The residues obtained were reconstituted in 
distilled water and 95% ethanol at stock 
concentration of  0.5 g/ml and stored in the 

orefrigerator at 4 C before use.

Test organisms
Isolates of  Escherichia coli, Staphylococcus aureus, E. 
coli ATCC 25922, Pseudomonas aeruginosa, Klebsiella 
pneumoniea and Shigella sonnei were collected from 
Microbiology Department of  the University of  
Lagos Teaching Hospital, Idi-Araba, Lagos.

Antimicrobial activity assay
Antimicrobial activities of  decocted aqueous and 
ethanol extracts was determined by well method 
on nutrient agar (Oyagade et al., 1999).  Sterile 
culture media (Mueller Hinton agar) were poured 
into sterile Petri dishes and allowed to solidify.  
Test organisms were aseptically introduced and 
evenly spread using sterile swap sticks on the 
surface of  the gelled Mueller Hinton Agar plates.  
Three wells of  5.0 mm were aseptically punched 
on each agar plate using a sterile cork borer, 
allowing at least 30 mm between adjacent wells 
and between peripheral wells and the edge of  the 
Petri dish.  Fixed volumes (0.1 ml) of  the extracts 
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were then introduced into the wells in the plates.  
A control well was in the center with 0.01 ml of  the 
extracting solvent.  The plates were kept at room 
temperature for 40 minutes for pre-diffusion of  

o
the extracts to occur and then incubated at 37 C 
for 24 hours.  The resulting zones of  inhibition 
were measured using a ruler calibrated in 
millimeters.  

Statistical Analysis
All analyses were carried out based on three 
replicates.  The data obtained with extracts of  G. 
hirsutum were compared with those of  extracts of  
G. barbadense.   Statistical test for significance was 
done with Student's t-test (p < 0.05) using 
GraghPad Prism 6 software and data plotted 
graphically using Microsoft Excel 2007. Data are 
presented as means with standard errors.

RESULTS AND DISCUSSION

Quantitative Phytochemical Screening
The results of  the quantitative phytochemical 
analyses of  both Gossypium species are shown in 
figure 1.  Tannins and phenols were present in G. 
hirsutum but absent in G. barbadense.  Gossypium 
hirsutum plants had significantly higher (at p<0.05) 
amount of  total glycosides (156.44 ± 2.05 mg 
/100 g) and flavonoid (120.85 ± 0.32 mg /100 g, 
twice as much) than G. barbadense (95.8 ± 1.52 mg 

/100 g and 67.62 ± 1.39 mg /100 g respectively) 
plants.    Omojasola and Awe (2004) have also 
reported the presence of  saponins, tannins and 
phenolics in G. hirsutum but their result showed 
absence of  flavonoid, alkaloids and cardiac 
glycoside in G. hirsutum.  The medicinal value of  
plant lies in the phytochemical (bioactive) 
constituents of  the plant which shows various 
physiological effects on human body (Edeoga et al, 
2005). Therefore, through phytochemical 
screening, one could detect the various important 
compounds which may be used as the basis of  
modern drugs for curing various diseases (Sheikh 
et al., 2013).  Most phytochemicals are antioxidant 
agents which essentially reduce the damages 
caused in tissue during physiological processes 
(Ezeonu and Ejikeme, 2016). Phenols, flavonoids, 
alkaloids, cardiac glycosides, saponins, terpenoids, 
steroids, and tannins are well known to possess 
biological and pharmacological activity against 
various chronic diseases such as cancer and 
cardiovascular and gastrointestinal disorders 
(Badam et al., 2002; Gupta and Tandon, 2004; 
Kamalakkannan et al., 2005; Chew et al., 2009).  
With the higher variant and quantity of  
phytochemicals that was obtained in G. hirsutum 
compared with G. barbadense, it suffice to say that 
G. hirsutum appear to possess higher medicinal 
potential than G. barbadense.
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Antioxidant activity tests

1, 1-diphenyl-2-picrylhydrazyl (DPPH) 
scavenging activity assay
The IC values of  the DPPH scavenging activities 50 

of  leaf  extracts of G. hirsutum and G. barbadense are 
presented in figure 2.  IC  value is the 50

concentration of  the extract required to scavenge 
50% of  free radicals (Gawron-Gzella et al., 2012).  
The IC value of  G. hirsutum (40.05 ± 3.25 µg/ml) 50 

was significantly lower (p = 0.05) than that of G. 
barbadense (55.15 ± 5.09 µg/ml).  The IC  value of  50

the standard antioxidant drug, ascorbic acid (35.23 
± 0.21 µg/ml) was significantly lower (p = 0.05) 
than that of  G. hirsutum and G. barbadense plants as 

expected.  α, α-diphenyl-β-picrylhydrazyl (DPPH) 
free radical scavenging method offers the first 
approach for evaluating the antioxidant potential 
of  a compound, an extract or other biological 
sources (Kedare and Singh, 2011).  This method 
has been used extensively to predict antioxidant 
activities because of  the relatively short time 
required for analysis (Rahman et al., 2015).  The 
IC values obtained in this report, shows that less 50 

amount of  leaf  extracts of  G. hirsutum (40.05 ± 
3.25 µg/ml) is required to scavenge 50% of  
DPPH compared to G. barbadense (55.15 ± 5.09 
µg/ml).   This is an indication that G. hirsutum has 
stronger antioxidant capability than G. barbadense.

Figure 1: Means of  some phytochemicals present in leaves of  G. hirsutum and G. barbadense (mg/100g) 
with error bars.  Bars with the same letters in each of  the compound are not significantly different 
(p>0.05).
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Reducing power assay
The results of  the reducing power assay, of  the 
leaf  extracts of  G. hirsutum and G. barbadense at 
different concentrations (25 µg/ml to 100 µg/ml) 
are shown in figure 3.  The absorbance of  the 
reaction mixture of  the leaf  extracts of  G. hirsutum 
and G. barbadense increased with an increase in the 
concentration of  leaf  extracts.  Gossypium hirsutum 
and G. barbadense showed significantly lower 
absorbance when compared to ascorbic acid 
(standard).  Gossypium hirsutum shows a 
significantly higher (p<0.05) absorbance than G. 
barbadense at all concentrations except with the use 
of  25 µg/ml extract.  Increased absorbance of  the 
reaction mixture indicated increased reducing 
power of  the extracts (Soni and Sosa, 2013), thus it 
suffice to say that from this result, G. hirsutum has a 
significantly higher (p<0.05) reducing power than 
G. barbadense.  The reducing property is generally 

associated with the presence of  reductants 
(Loganayaki et al., 2013).  It has been reported that 
the reducing properties are generally associated 
with the presence of  reductones (reducing 
agents), which have been shown to exert 
antioxidant action by breaking the free radical 
chain by donating a hydrogen atom (Kumar et al., 
2012).  The reducing capacity of  a compound may 
reflect its antioxidant potential (Rao et al., 2010; 
Soni and Sosa, 2013).  Compounds with reducing 
power indicate that they are electron donors and 
can reduce the oxidized intermediates of  lipid 
peroxidation processes, so that they can act as 
primary and secondary antioxidants (Soni and 
Sosa, 2013).  Gossypium hirsutum exhibited a higher 
antioxidant activity than G. barbadense via reducing 
power assay in a similar manner that it did with 
DPPH-scavenging assay.

Figure 2:  IC values of  DPPH scavenging activities of  leaf  extracts of  G. hirsutum and G. barbadense and 50 

the standard drug, ascorbic acid.  IC  value is the concentration of  the extracts required to scavenge 50

50% of  DPPH.  Bars with different letters are significantly different at p<0.05.

Ade-Ademilua and Okpoma: Gossypium hirsutum L. and Gossypium barbadense L.



083

Antioxidant activities have been associated with 
the biologically active compounds present in 
plants (Srivastava et al., 2012).  Tannins, saponins, 
terpenoids, flavonoids, phenols, ascorbic acid, and 
many other phytochemicals have been reported to 
have antioxidant capabilities (Krishnaiah et al., 
2007, Ansari et al., 2013).  Antioxidant properties 
are been reported to be positively correlated with 
the amount of  flavonoids and phenolics 
contained in the plant extract (Sharma et al., 2009, 
Manach et al., 2005, Zhang et al., 2014; Rahman et 
al., 2015).  All the tested phytochemicals were 
found to be present in G. hirsutum, and G. hirsutum 
even had a higher quantity of  phytochemicals 
common to both species.  These probably 
accounts for the higher antioxidant activities via 
DPPH scavenging ability and reducing power 
demonstrated by G. hirsutum compared to G. 
barbadense.  

Antimicrobial test
The pharmacological action of  a plant cannot be 
ascertained by the result of  phytochemical studies 
only hence a need for antimicrobial tests (Mujeeb 
et al., 2014).  Antimicrobial  test  was  performed  
by  agar  disc diffusion  method  by  using  six  
bacterial  strains.   The zone diameter of  
inhibition (mm) of  some pathogenic organisms by 
decocted, ethanol and aqueous leaf  extracts of  G. 
hirsutum and G. barbadense are shown in table 2.  
There was no reaction observed with non-
decocted aqueous extracts.  More reactions of  
organisms to extract were observed with decocted 
aqueous extracts than ethanolic leaf  extracts of  
both Gossypium species.  It is not surprising 
therefore that traditional medicine practitioners 
use aqueous decoctions of  Gossypium plants for 
treatments.  Decocted aqueous leaf  extracts of  G. 
hirsutum recorded higher zones of  inhibition (mm) 
of  all the pathogens tested than leaf  extracts of  G. 

Figure 3:  Reducing power activity of  leaf  extracts of  G. hirsutum and G. barbadense.   (Bars with same 
letters at each stage of  growth are not significantly different at p <0.05 using student's t-test).
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barbadense but only the differences in the inhibition 
zones of  Escherichia coli, Staphylococcus aureus and 
Shigella soonei were significant  at p < 0.05.  
Ethanolic leaf  extracts of  G. hirsutum caused 

higher zones of  inhibition (mm) of  all the 
pathogens tested than leaf  extract of  G. barbadense 
but the  differences were not significant at p<0.05. 

Table 2:  Zones of  inhibition (mm) of  some pathogenic organisms by leaf  extracts of  G. hirsutum and G. 
barbadense

PATHOGENIC ORGANISMS
 

Escherichia
 

coli
 Staphylococcus

 

aureus
 Shigella

 

sonnei
 Pseudomonas

 

aeruginosa
 E.

 
coli

 

ATCC
 

25922
 

Klebsiella
pneumoniea

Decocted aqueous extract
 

G. hirsutum
 

11.67±2.65a
 

15.00±1.73a
 

12.67±2.65a
 

12.67±5.57a
 

11.67±4.36a
 

12.67±4.36a

G. barbadense 10.33±1.00b 11.00±1.73b 8.33±2.16b 10.54±7.00a 10.00±1.73a  9.33±2.00a

Ethanol extract 

G. hirsutum 11.33±5.29a 11.33±2a 8.67±2.00a 11.00±1.73a 9.67±5.57a  10.00±1.73a

G. barbadense 10.67±7.20a 9.67±2.65a 7.00±1.73a 9.67±2.65b 9.00±3.00a  9.00±1.73a

Means of  zones of  inhibition of  a particular 
microbe, in same column, by same extract type, 
followed by the same letters are not significantly 
different at p=0.05.

Antimicrobial activities of  leaf  extracts of  G. 
hirsutum against Staphylococcus aureus, Escherichia coli 
and Pseudomonas aeruginosa have been reported by 
Omojasola and Awe (2004) and Essien et al. (2011) 
reported antimicrobial activities of  the essential 
oil from the leaf  extracts of  G. barbadense against 
Staphylococcus aureus and Escherichia coli.  Decocted 
aqueous leaf  extract showed more antimicrobial 
activities than ethanolic leaf  extracts.  Results of  
the antimicrobial test can therefore, be related to 
the higher quantity of  phytochemicals found in 
leaves of  G. hirsutum than in leaves of  G. 
barbadense.  Tannins and phenols were absent in G. 
barbadense; also G. hirsutum had a significantly 
higher (p<0.05) quantity of  flavonoids than G. 
barbadense.  Phytochemical compounds such as 
alkaloids, saponins, tannins, phenols and 
flavonoids have been known to be biologically 
active and thus partially responsible for the 
antimicrobial activities of  plants, hence their use 
in traditional medicine (Rao et al., 2010;  Ajibesin et 
al., 2011; Nethathe and Ndip, 2011; Aderiye et al., 
2014).

CONCLUSION AND 
RECOMMENDATION
This is the first report on the biochemical 
differences between two Gossypium species; other 
biochemical studies have been on the comparison 
of  a Gossypium species with another plant species. 
There are phytochemical differences between G. 
hirsutum and G. barbadense as well as differences in 
antioxidant and antimicrobial activities of  the 
studied species and this could be related to species 
differences
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