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ABSTRACT: The seeds of fruits which are thrown away as waste can be used in medicinal and
therapeutic purposes. The goal of this investigation was to find out antibacterial and cytotoxic
potentialities of crude acetone and ethanol extracts of seeds of four common summer fruits, purchased
from Khulna region, Bangladesh: Litchi chinensis (Lychee), Phoenix dactylifera (Date Palm), Syzigum
cumini (Black Plum) and Artocarpus heterophyllus (Jackfruit). Extracts were screened for their
antibacterial activity by agar well diffusion method, followed by minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC) determination by colorimetric broth macro dilution
method and plating method. The highest antibacterial activity was found from acetone extract of S.
cumini against Salmonella typhi where zone of inhibition was 19.67+0.27 mm along with MIC 0.0585
mg/ml and MBC 0.2344 mg/ml. Acetone extract of S. cumini was found to have bactericidal effect on all
microorganisms except bacteriostatic on E. coli and S. paratyphi and ethanol extract showed bactericidal
effect on all the microorganisms tested. The cytotoxic activity was determined by brine shrimp lethality
assay. Among all seed samples, P. dactylifera exerted relatively better cytotoxicity where LCso value was
below 100 pug/ml. The rest of the samples showed relatively less toxicity as LCso value was more than
100 pg/ml. Among all the seed samples, S. cumini showed most potential antibacterial activity with less
cytotoxicity. Overall, the findings of the study endorse antibacterial activity of examined seed extracts
with moderate cytotoxic activity, suggesting the isolation of active compounds thorough bioassays.

KEYWORDS: Litchi chinensis; Phoenix dactylifera; Syzigum cumini; Artocarpus heterophyllus;
Antibacterial activity; Cytotoxicity.

INTRODUCTION worldwide use herbal medicine for different aspects of
primary health care [3]. Many pharmaceutical
companies are showing interest in ‘Green Medicine’, the
drugs driven from plants mainly because of the faith of
safety and acceptances compare to synthesized drug,
which can possess conflicting effects [4].

Natural sources are boundless inspiration for developing
novel drugs [1]. Natural products do possess enormous
diversity both structurally and chemically which are not
similar to the library of artificial synthetic small
molecules and encourage unique exploration in
biochemical and medical sciences [2]. Plants are the  Antibiotic drugs which have saved and still saving
simplest sources of natural products and medicines.  thousands of lives every year, “antibiotic resistance”
Numbers of different biologically potent compounds can  could be a serious and one in every of the foremost
be produced by plants. Nearly 20% of plants known threatening problems worldwide, including Bangladesh
have been utilized in studies of pharmaceutics and  [5]. Antibiotics, the frequently recommended medicines
therapeutics impacting the drug industry in progressive  in normal medical practicing but drug resistant diseases
ways such as treating cancer and harmful diseases.  remain priority concern in public health issues [6].
Presently, according to the estimation of World Health  Resistance to antibiotics and also the rise within the
Organization (WHO), eighty percent of the people failure of obtainable chemotherapeutics are now
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resulting in the sorting out therapeutic floras for
potential antibacterial, antiviral, antifungal,
antiprotozoal and anticancer function, as well. Failure of
available synthetic drugs to treat multiple drug resistant
bacteria  and  undesirable  side  effects  of
chemotherapeutics suggest to findout alternative drug
sources to overcome the problems [7-8]. Traditional
medical practitioners in Bangladesh is an integral part of
the culture of using plant or its parts as therapeutic
agents, without any dependency on synthetic drugs: to
them, plants driven compounds are the first choice.

With the advancement of medicinal technology, it's now
easier to spot specific botanical constituents and assess
their potential activity. Conducting contemporary
research dealing with local plant samples characterize
the therapeutic values of plant derived constituents and
evaluate their prospective potential activity of the
available plants of a specific region. Pharmacological
prospecting of plants by established method for the
identification of effective compounds can lead to the
development of novel medicinal agents. Bio prospecting
of plants might show qualitative and quantitative
variation of effective pharmacological ingredients due to
difference in geographical location. In this favor,
Bangladesh is a country full of biodiversity. Lots of
plants of different regions are available having
medicinal properties for the treatment of assorted
diseases. However, scientific proofing are conducted to
a limited extent with few medicinal plants [9]. About
5,700 species of angiosperms have been recorded from
this country. But only about 500 species have
documented scientifically as medicinal plants [10].

Out of all the summer season fruits of Bangladesh, the
designated four fruits in this study were selected as they
are worth mentioning due to their belongingness to the
popular crowd favorites. Interestingly all these four
fruits are grown and accordingly found in the market of
Bangladesh for comparatively shorter period of time
than the rest of the summer season fruits of Bangladesh.
On the other hand, normally plant parts: leaf, bark, root,
fruits, flowers are extensively tested in vitro and in vivo
for their pharmacological profiling. Seeds of plants,
more specifically, of ripe fruits that are thrown away as
wastes can possess pharmacological activities, too. So,
taken together all these into consideration, in this study,
seeds of four summer season fruits: S. cumini, P.
dactylifera, L. chinensis and A. heterophyllus of
Bangladesh have been tested in vitro to evaluate
preliminary antibacterial and cytotoxic activities.

MATERIALS AND METHODS
Seed collection

Fresh ripe fruits were purchased from local market of
Khulna district of Bangladesh. Fruits were cut into
pieces to extract out seeds from ripe fruits. After
bringing out seeds of fruits, they were washed, and sun
dried with shade to avoid dust.

Sample preparation and extraction

Seeds were grinded into fine powder. One hundred fifty
gm of the powder were soaked into 500 ml of absolute
acetone and ethanol solvents and kept in dark places for
ten days with occasional shaking, followed by, filtration
through Whatman filter paper, evaporation using rotary
evaporator and air drying at room temperature. Amount
and final color of the extracts were as illustrated in
Table 1.

Table 1. Amount and color of extract obtained after ten
days of soaking.

Plants S. P. L. A.
cumini dactylifera  chinensis  heterophyllus

Solvent  Ac Et Ac Et Ac Et Ac Et
system

Amount 5.65 457 4.07 447 555 531 2.4 1.9
(gram)
Color B B R R LR R (0] (0]

Ac, acetone; Et, Ethanol; B, brown; R, red; LR, light red; O, orange

Antibacterial screening
Agar well diffusion assay

Bacteria were grown on Nutrient Agar Medium (yeast
extract 2.0g, beef extract 1.0g, NaCl 5.0g, peptone 5.0g,
agar 15g, and distilled water 1 L). Dilution with 10°
CFU/mI was used as inoculum for the study. Molted
agar medium was poured into petri dishes to obtain a
depth of 10 mm. The inoculation of the entire surface
area of the agar plate was done with 500 pl inoculum.
Then, with the help of a disinfected cork borer four
holes of 5 mm span were made by punching in aseptic
condition. Fifty and hundred pl of sample was
introduced into two holes: one kept blank and in another
5 pl of gentamycin (200 pg/ml) was added as positive
control. For agar well diffusion test, sample was
prepared at a concentration of 20 mg extract into 1 ml of
acetone or ethanol. Agar plates were incubated, and
inhibition zone was measured as per Balouiri et al., 2016
[11]. The following bacteria were used: Escherichia coli
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(American Type Culture Collection, ATCC-8739),
Pseudomonas aeruginosa (ATCC-27833), Vibrio
cholerae (ATCC-14035), Salmonella typhi (ATCC-
14028), Salmonella  paratyphi  (ATCC-13311),
Micrococcus spp. (ATCC-14396), and Staphylococcus
aureus (ATCC-25923). The findings of the agar well
diffusion assay were expressed in four categories
depending on zone (diameter) of inhibition: designated
as ‘not active’, ‘partially active’, ‘active’, and ‘very
active’ when zone (diameter) of inhibition were <9 mm,
9-12 mm, 13 - 18 mm, >18 mm, respectfully [12].

MIC assay

The assay was performed following a modified method
[13]: a mannitol phenol red broth was used. A stock
solution of samples were prepared: Nine consecutive
two fold dilutions of extract with 50% Dimethyl
Sulfoxide to obtain stock concentrations of 50 mg/ml to
0.195 mg/ml. One-tenth ml of stock sample from
previously prepared was mixed into 0.4 ml broth. For
nine different concentrations, nine different tubes were
used respectively to obtain final concentrations of 10
mg/ml to 0.039 mg/ml. Now into each test tube, 10ul of
freshly prepared bacterial culture was nurtured at 37°C
overnight. As positive control, Gentamycin was used at
a concentration from 10 to 0.039 pg/ml. As negative
control, test tubes without sample but with bacterial
culture were used. MIC was tested for those
microorganisms and sample for which zone of inhibition
was 13 mm or above.

MBC assay

This method is required to identify the concentration at
which 100% microorganisms will be killed. 10 pl of
broth from test tubes from where MIC was considered
were plated in nutrient agar plate and incubated to see
the growth.

MIC (MBC/MIC) indexing

The MIC index was recorded to find out whether an
extract is bactericidal (MBC/MIC <4) or not. The range
of MIC index value greater than 4 but less than 32 were
considered as bacteriostatic [8].

Cytotoxic activity testing

To ascertain the cytotoxic activity of an extract, the
brine shrimp lethality test is acknowledged as standard
[14]. For the experiment, 5mg of each extract were
dissolved in 1ml of seawater and one drop Tween-80;

adjusted to a final concentration of 5pg/ul. Then 4ml of
seawater was given to each of the test tubes. From the
stock solution specific volumes of 5, 10, 20, 40, 80, 160
and 320 ul of samples were poured into the test tubes;
adjusted to 10 ml with saline water to get the final
concentration of 2.5, 5, 10, 20, 40, 80, 160 ug/ml,
respectively. Finally, 10 live brine shrimp nauplii were
taken into each test tube [14]. As positive control,
vincristine sulfate was used. Following the mortality
count, after 24 hours; log concentration versus percent
mortality were plotted and median lethal concentration
(LCso) were calculated.

Of note, the findings of the agar well diffusion assay
were studied in Microsoft Excel 2013. In cytotoxic
activity testing, LCso values were also calculated by
using Microsoft Excel 2013. Each test was conducted
three times.

RESULTS
Effect on antibacterial activity

The zone of inhibition for 100 pl/well is higher, as
expected, than 50 pl/well (Figure 1 and 2). The topmost
finding was obtained from S. cumini acetone extract
against S. typhi having zone of inhibition for 100pul/well
as 19.67+0.27 mm (Figure 1) with MIC and MBC value
0.0585mg/ml and 0.2344 mg/ml respectively (Table 2,
3, 4 and 5; Figure 1, 2 and 3). But from MIC index we
found that acetone extract of S. cumini was found to
have bactericidal effect on all microorganisms except
bacteriostatic on E. coli and S.paratyphi and ethanol
extract showed bactericidal effect on all the
microorganisms tested (Table 5). Acetone extract of P.
dactylifera showed highest zone 16.67+0.27 mm against
S. aureus with MIC and MBC value of 1.25 and 5
mg/ml respectively. Zone of inhibition of P. dactylifera
acetone extract was in between 13 - 18 mm for all the
tests except S. paratyphi. Again, ethanol extract of P.
dactylifera showed highest zone 15.67+0.27mm against
P. aeruginosa with MIC and MBC value of 1.25 and 7.5
mg/ml, respectively.

Acetone extract of L. chinensis was found active against
all the microorganisms tested and found very active
against S. aureus (Table 2, 3 and 4). Ethanol extract of
L. chinensis was found active against P. aeruginosa,
Micrococcus spp., E. coli and S. aureus, and partially
active against rest of the tested bacteria. Acetone extract
of A. heterophyllus was found partially active against all
the tested bacteria except P. aeruginosa (14.67+0.98
mm) and Micrococcus spp. (14.67+0.27 mm). Ethanol
extract of A. heterophyllus was found partially active
against all the tested bacteria except V. cholera.
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Table 2: Zone of inhibition of the samples against gram positive and gram-negative bacteria.
Zone of Inhibition (mm) * standard error for 100ul/well of Sample

Sample Solvent Gram Positive Bacteria Gram Negative Bacteria
system  Micrococcus S. aureus P. aeruginosa  S. paratyphi S. typhi E. coli V. cholerae
-Spp
S. cumini Acetone  16+0.27 14.67+0.47 17.67+0.47 15.33+£0.81 19.67+0.27  19.33+0.47  15.33%0.72
Ethanol 14.33+0.47 15.33+0.27 15.33+0.27 16+0.47 16.67+0.47  14.33x0.27  15.67+0.54
P. dactylifera  Acetone  14.33+0.27 16.67+£0.27  16.33+0.27 12.33+0.72 14.67+ 15.6740.72  14.33+0.47

Ethanol  11.67+0.47 15.67+£0.72  15.67+0.27 12.33+0.47 14.33+0.47  11.67+0.72  12.33+0.47
L. chinensis Acetone  17.67+0.47 19.33+0.47  15.67+0.81 17.67+0.72 14.67+0.54  18.33+0.47  14.33+0.47
Ethanol  14.67+0.72 14.67+£0.72  14.67+0.47 12.33+0.27 12.33+0.27  15.67+0.54  12.33+0.27
A Acetone  14.67+0.27 12.67£0.47  14.67+0.98 9.33+0.81 11.33+0.47  10.33+x0.27  12.33+0.47

heterophyllus
Ethanol 10.67+0.72 12.67+0.72 12.67+£0.54 12.67+0.47 11.67£0.47  9.33+0.47 15.67+0.54

Agar well diffusion assay of acetone extracts
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Figure 1. Comparison of zone of inhibition of acetone extracts against tested microorganisms.
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Agar well diffusion assay of ethanol extracts
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Figure 2. Comparison of zone of inhibition of ethanol extracts against tested microorganisms.

Figure 3: Potential zone of inhibitions obtained from acetone and ethanol extracts of selected samples: a. S. cumini : S. typhi, b. L. chinensis: S.
aureus, c. P. dactylifera: P. aeruginosa, d. A. heterophyllus: Micrococcus spp., e. S. cumini: S. aureus, f. L. Chinensis: E. coli, g. P. dactylifera:
P. aeruginosa, h. A. heterophyllus: V. cholerae (Figure a-d: acetone extracts, Figure e-h: ethanol extracts).
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Figure 4. Log concentration vs percent shrimp mortality of acetone extracts of the tested samples
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Figure 5: Log concentration vs percent shrimp mortality of ethanol extracts of the tested samples.
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Table 3. Minimum inhibitory concentration of tested samples

against different microorganisms.

Minimum Inhibitory Concentration (mg/ml)

Microbes S. cumini P. dactylifera L. chinensis A. heterophyllus
Ac Et Ac Et Ac Et Ac Et
P. 0.625 25 1.25 1.25 0.9375 1.25 1.25 1.875
aeruginosa
S. paratyphi ~ 0.936 1.25 3.75 25 0.625 3.75 3.75 1.875
Micrococcus ~ 1.875 3.75 1875 375 0.625 1.25 1.25 25
spp.

S. aureus 0.625  0.938 1.25 0.938  0.156 25 25 3.75
S. typhi 0.059 1.25 1.875 1.25 1.875 25 3.75 25
E. coli 0.156 25 1.875  3.75 0.1173  0.9375 25 3.75

V. cholerae 1.25 1.875 25 25 1.875 1.25 1.875 1.25

Table 4: Minimum bactericidal concentration of tested samples
against different microorganisms

Minimum Bactericidal Concentration (mg/ml)

Microbes S. cumini P. L. chinensis A. heterophyllus
dactylifera
Ac Et Ac Et Ac Et Ac Et
P. 25 5 75 75 3.75 10 7.5 10
aeruginosa
S. paratyphi 5 375 >10 10 25 >10 >10 7.5
Micrococcus 5 10 75 >10 3.75 75 10 >10
Spp.

S. aureus 1.875 3.75 5 3.75 0.625 >10 >10 >10
S. typhi 0.2344 25 3.75 10 7.5 >10 10 >10
E. coli 1.875 5 5 >10 0.625 25 10 >10

V. cholerae 3.75 5 >10 >10 5 5 7.5 7.5

Ac, acetone; Et, Ethanol

Table 5. MIC Index (MBC/mic) of tested samples against different

microorganisms

MIC Index (ME</wic)

Microbes S. cumini P. dactylifera L. chinensis A.
heterophyllus
Ac Et Ac Et Ac Et Ac Et
P. 4 2 6 6 4 8 6 5.33
aeruginosa
S. paratyphi 5.33 3 nd 4 4 n.d n.d 4
Micrococcus 2.66 2.66 4 nd 6 6 8 nd
spp.

S. aureus 3 4 4 4 4 nd nd nd
S. typhi 4 2 2 8 4 n.d 4 n.d
E. coli 119 2 2.66 n.d 5.33 2.66 2.66 n.d

V. cholerae 3 2.66 nd nd 2.66 4 4 6

Ac, acetone; Et, Ethanol; n.d: not detectable due to MBC value >10.

DISCUSSION

Among all the samples, S. cumini was found more active
compared to other samples. The best result obtained
from acetone extract of S. cumini against S. typhi and E.
coli (Figure 1 and 3). Our study, in accordance with
another previous study where the MIC value of the seed
extract against E. coli, P. aeruginosa was as 6.25 mg/ml
whereas against S. aureus MIC value was 3.13 mg/ml
[15] suggests antibacterial potentialities of seeds of S.
cumini. Seeds of L. chinensis are used in different
countries of Asia for the treatment of bacterial infection
and the related diseases [16]. Our study supports them

Acetone Ethanol

223.88

& 154,55
7

O 150 135.49
- 118.26

69.42 68.19

S.cumini P.dactylifera L.chinensis A.heterophylius

Tested samples

Figure 6: Comparison of LCso values of acetone and ethanol extracts
(ng/ml) of the samples.

Effect on cytotoxic activity by brine shrimp lethality
test

Extracts exhibit LCsp < 30 upg/ml have significant
cytotoxic activities, LCsop >30 and LCsp <100 possess
mild toxicity and LCso > 100 can be considered low
toxic [14]. Only seeds of P. dactylifera showed mild
cytotoxicity where LCso values of acetone extracts and
ethanol extracts were 69.42 and 68.19 pg/ml
respectively. All the other samples were found relatively
less toxic as LCsp value more than 100 pg/ml (Figure 4,
5 and 6). The LCsy values were obtained (Figure 6) by
plotting log concentration vs percent shrimp mortality
(Figure 4 and 5) into MS Excel and generating linear
regression equation: Y = a + bX, Y - the dependent
variable, a - the y-intercept, b - the slope of the line, and
X - the independent/ explanatory variable. The dotted
lines in the graph were plotted to produce regression
equation for calculating LCso values (Figure 4 and 5).
The values in Figure 6 were obtained from the
regression equation as per plot of Figure 4 and 5.

and provides scientific prove as both acetone and
ethanol extract exhibited good antibacterial function.
Our study, in consistent with another previous study of
ours [17] confirms antibacterial potentialities of seeds of
P. dactylifera. Seeds of A. heterophyllus was found to be
active against V. cholerae as the ethanolic extract
exhibited bactericidal effects. Thus, it can be used to
treat cholera diseases. A study mentioned that extract
from the seeds are useful in the treatment of diarrhea
[18-19]. Our study also suggests that seeds of A.
heterophyllus can be a source of remedy for severe
watery diarrhea. The difference of the quality and
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guantity of plant ingredients, responsible for the
bioactivity could be because of the diversified secondary
metabolites (either constitutive or inducible: might
function as antibacterial and cytotoxic agent) present
within the extracts and the solvents used [20]. Different
types of polar solvents possess different ranges of
soluble capacity for various phytoconstituents. Plant
and/or plant parts act as the profound packs or reservoir
of secondary metabolites [21-22].

In the study we found two trends of results: in some
cases, extracts were found potential against gram
positive bacteria and in other cases extracts were found
more active against gram negative bacteria. Structure of
the membrane of gram-positive bacteria includes low
capacity of buffering against protonation generated by
plant compounds. Thus, intra-cellular space of bacteria
become highly acidified, lessening metabolic energy
generation of bacteria. The outer polysaccharide layer
consisting of lipid and extra components of minor
membranes provide greater capability of buffering to
gram negative bacteria, which function as protective
wall against hydrophobic compounds. Therefore, gram
negative bacteria are lesser sensitive to antibacterial
properties. Here, gram negative bacteria showed more
susceptibility than gram positive bacteria. The
compound that can efficiently fuse the bilayer of lipid
with increased fluid passing capability via cellular
membrane is considered potential to show the activity as
antibacterial agent [23, 24, 25].

Resistance to antibiotic as a huge concern for global
public health [26]. In a study conducted in one referral
center in 2005 a whole of 57% of S. typhi strains
isolated were MDR (multi drug resistant) and NAR
(nalidaxic acid resistant) [27]. Methicillin-resistant S.
aureus could also be a significant cause of human
infections. It is a most wanted explanation for
bacteremia, infective endocarditis, osteoarticular,
pleuropulmonary, and device-related infections [28]. As
antibiotic resistance is a significant problem worldwide,
a replacement source of treating bacterial infections
could also be a crying need. In line with our study, seeds
of the four common summer fruits could be a potential
source to isolate bioactive compounds [29-32] that
might heal the multi-drug resistant problems worldwide.
As a whole, all the four samples can be a candidate for
extracting antibacterial and cytotoxic bioactive agents
from them.

CONCLUSIONS

Seeds of many plants are utilized by traditional healers
as drug and therapeutics to treat different diseases and
infections. But most of the times seeds of plants are used

only for sowing purposes, more importantly to be noted,
sometimes seeds are thrown away as wastes, rather than
utilizing or understanding their potentiality as bioactive
compounds. More research is needed to evaluate the
potentiality of seeds in this regard. In this in vitro study
of seeds of four common summer fruits of Bangladesh,
provide scientific footing to enhance confidence on the
traditional claims of seeds. The antibacterial and
cytotoxic activity of tested seed extracts recommends
further isolation, purification and characterization of
active constituents through bioassays, in-vivo trials and
other state-of art technology, leading to sort out the
outcome of the effects of bioactive compounds and its
role as therapeutics and pharmaceuticals in health care
system, as well.
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