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Abstract

Growth response of Spirulina platensis (Nordst) Geitler in cabbage skin extract media and their antibacterial activities were studied. Five
different concentrations e.g. 10, 8 ,6 , 4 and 2 gm/L of cabbage skin extract media and one BD1 (control) medium were used in this
experiment. Highest optical density was observed in 10 gm/L cabbage skin extract medium (0.35) followed by BD1 medium (0.30) after
fifteen days of culture. Antibacterial activity of S. platensis was studied. Only freeze dried S. platensis powder extracts showed inhibitory

effect against tested bacterial pathogen.
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Introduction

Spirulina platensis (Nordst) Geitler is a blue-green
photosynthetic microscopic unbranched, filamentous alga.
Sometimes found to grow as an unialgal culture in nature in
some alkaline lakes with a very high pH. Spirulina has a long
history of use as food for over 1000 years (Hayashi et
al.1994) But very recently, the interest in Spirulina was
increased mainly in its nutritive value. It is rich in protein,
vitamins, especially vit-Bj, and pro-vitamin A
(beta-carotene), iron, essential amino acids, minerals and
essential fatty acids like gamma linolenic acid (GLA)
(Switzer, 1982, Venkataraman, 1983). New clinical research
reveals health benefits of Spirulina, which contains 15-20%
carbohydrates. The primary forms of carbohydrates are
rhamnose and and glycogen, these two polysaccharides are
easily absorbed by the body, with minimum insulin inversion
(Henrikson, 1989). Cell extract of Spirulina has shown
antibacterial ~ activity against Bacillus subtillis and
Saccharomyces cerevisiae. The presence of high quantities
of acrylic acid in Spirulina was substantiated at the end of the
seventies. This substance shows anti-microbial activity, in a
2 mg/L of biomass concentration (Balloni et al. 1980).

In Biological Research Division, BCSIR, Dhaka, Spirulina
has been cultured at pilot plant scale for over 20 years.
Bangladesh medium (BD;) (Jahan et al. 1994) was
developed in this laboratory for commercial production of
Spirulina. Later on BD1 medium was further simplified by
the Spirulina team of BCSIR, reducing the cost of production
and developed BD,, BD3, BD4 and BD5 which can be used

as rural technology for Spirulina culture (Khatun et al.,
2006).

Bangladesh is an agro based country. Where the
consumption of vegetables is high. But the wastes vegetables
are not being used any economic purpose. If the wastes of
nutritional vegetable can be used as a source of nutrient for
Spirulina culture, it would be economically helpful and
reduce the use of chemicals. In Bangladesh used for its
culture pregnant women, aged persons and children of rural
area are badly affected by malnutrition. So this study has
considered to find out a crude method to prepare easy and
cheap media for Spirulina culture whose raw materials are
commonly available for rural people, by which they meat up
their nutritional demand.  Hence the present study is aimed
to develop a new culture media at domestic level using
cabbage waste leaf extract, which is an excellent source of
vitamin, glutamine, amino acid, protein and iron.
Antibacterial effect of the Spirulina culture in different
media is also included in this study.

Materials and methods
Media preparation

The skin of cabbage as waste was collected from the garden
of Plant Physiology section, BCSIR Laboratories Dhaka. It
was washed with tap water and 30 gm of it was blended by
adding 200 ml tap water. After fine blending, extract was
sieved with 200 um mesh cleaned cloth and stored at 4°C
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until further wuse. For the preparation of different
concentrations of cabbage leave extract media, tap water was
added separately with stored extract to make 10,8, 6,4 and
2 gm/L concentrations and which was thoroughly mixed with
200 mg/L urea, 5 gm/L NaCl and 3 gm/L NaHCO , to
increase the concentration of nitrogen, salinity and pH,
respectively. BD1 medium (Jahan et.al, 1994) was used as
control for this experiment. Each experiment was done with 3
replicates.

Inoculum preparation and maintenance

Culture was carried out in 1L conical flask containing 500 ml
of cabbage skin extract medium. Stock culture of S. platensis
from Biological Research Division, BCSIR, Dhaka
maintained in Zarrouk (Anomymous, 1966) medium was
used as inoculums. Equal volume of inoculums (20 ml/L) was
added into each flask (initial OD was 0.11). The flasks were
manually shaken everyday in the morning and evening. These
were kept in a room near the window, exposed to natural
condition. The optical density (OD) of the culture was
recorded by Spectrophotometer (Type-Helios Gamma,
NC-9423 UVG 1702E) for the maintenance of the growth.
pH, temperature, light intensity, salinity and dissolved
oxygen level of the culture were recorded. The condition of
Spirulina culture was observed under compound microscope
once a week and recorded.

Sample preparation for screening of antibacterial activity

S. platensis cultivated in three different culture media namely
Zarrouk (Anomymous, 1966), BD1 (Jahan et al., 1994) and
cabbage skin extract media were used for this purpose. The
initial pH of the culture was maintained at 9.5 and
temperature 30° +0.1 °C respectively. S. platensis were
grown until the late exponential phase of growth (8 days) was
achieved and there after the biomass was collected and dried
in three different means namely freeze, sun and shade dried.

Preparation of various extracts of Spirulina platensis

Sun- shade and freeze-dried S. platensis samples were mixed
well with different solvents separately at the ratio of 0.5:10
w/v. Three different solvents (ethanol, methanol and
chloroform) were used for the preparation of extracts of S.
platensis. Twenty gram dried Spirulina powder was steeped
separately in methanol, chloroform and ethanol and kept at
room temperature for three days. The extracts were filtered
using Whatman filter paper-I and was concentrated by a
rotary vacuum evaporator (STUART, RE3022C) at 50°C
and concentrated to gummy materials under reduced
pressure. The concentrated material was then collected in
small vials and then dried at room temperature. These crude
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extracts were kept at 4°C until use. The concentrated gummy
extracts were dissolved in dimethyl sulfo-oxide (DMSO)
prior to use in antibacterial activity test.

Determination of antibacterial activity

In vitro antibacterial studies were carried out against four
bacterial pathogens viz. Streptococcus pneumoniae ATCC
49619, Bacillus subtilis (received from Prof. Skersman,
Australia). Shigella dysenteriae CRL, (ICDDR, B) and
Sarcina lutea ATCC 9341. Bacterial inoculums were
prepared by Clinical and Laboratory Standards Institute
(CLSI) guideline. Bacterial cultures were emulsified in
normal saline and turbidity was matched with 0.5 McFarland
turbidity standards. The agar cup method (Barry, 1980) was
followed to investigate the antibacterial activity of the
extracts. Wells of 6 mm diameter was punched over the
Mueller-Hinton-Agar (MHA) plates using a sterile cork
borer. The bottoms of the wells were sealed by pouring 50 -
100 pl of molten MHA into the scooped out wells. Using a
micropipette, extracts of different solvents were added to
different wells in the inoculated plate. These plates were then
kept at low temperature (4°C) for 2-4 hours followed by
incubation at 37°C for 24 hours. After the incubation period,
formation of inhibition zones around the wells, confirms the
antibacterial activity of the respective extracts.

Results and discussion

General shape of Spirulina is spiral. But straight filaments
have better survival capacity. Under less favorable conditions
spiral filaments turn straight (Noor ef al., 2008). During
initial growth period, the filaments were not in normal
condition but after 15 days maximum filaments were found to
turn in spiral shape. The effect of cabbage skin extracts media
on the morphology of Spirulina platensis are presented in the
Table I and Fig. 1.

Table 1: Effect of cabbage skin extract media on
morphological view of Spirulina platensis.

Days Microscopic observation
Filaments are very good and healthy, light
Initial blue green in color. Maximum filaments

are straight and few are spiral.

Number of filaments is more than initial
observation. Conditions of filaments are
good, broken filaments present.

After 7 days

After 15 days  Maximum filaments become coil shaped.
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In this experiment cabbage skin extract media, pH was
maintained from 9.4- 9.8 during entire experimental period
(Table II). Spirulina required relatively high pH values

window and light intensity was 120 Lux to 2500 Lux.
Venkataraman (1983) stated that even a short exposure of
Spirulina cultures to direct intense sunlight would be resulted

Table II: pH values of the experimental media after different days.

Media Initial pH Days
conc (gm/L)
2 4 6 8 10 12 15

2 9.6 9.6 9.6 9.6 9.6 9.7 9.7 9.8
4 9.5 9.5 9.6 9.5 9.6 9.6 9.6 9.7
6 9.5 9.5 9.5 9.6 9.6 9.6 9.6 9.6
8 9.6 9.4 9.5 9.5 9.6 9.6 9.6 9.6
10 9.5 9.5 9.6 9.5 9.6 9.6 9.6 9.7
Bdl 9.5 9.6 9.6 9.6 9.6 9.7 9.7 9.8

between 9.5and 9.8 (Bonnin 1992) and values above 10.3
were shown to be harmful for the culture (Richmond et al.,
1992). The range of temperature of the culture medium was
found between 27 and 30°C. It has been, reported that the
optimum temperature for the growth of different Spirulina
strains was in between 30 and 35°C. (Richmond, 1992)
Experimental flasks were kept at room temperature near the

in bleaching of algal cells. The range of dissolved oxygen
level was 1-4 mg/L. Salinity of the culture medium was 10
ppt. Salinity plays a direct role on the purity of the culture
(Bonnin, 1992). Fig. 2: shows the growth of S. platensis in
the experimental culture media. Despite having started with a
similar initial inoculum, the growth of S. platensis was started
to change from the second day of cultivation. Optical density
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Fig. 2. Bar graph showing optical density of experimental culture media
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0.27, 0.28, 0.30, 0.32 and 0.35 were observed in
concentration 2, 4, 6, 8 and 10 gm/I of cabbage skin extract
media, respectively. Optical density 0.30 was recorded in the
BD1 medium. It was observed that, after 1lst day of
cultivation, optical density was gradually increased in
experimental and control medium. Cabbage skin extract
culture medium of concentration 10 gm/l yielded 550 gm/L
of Spirulina platensis, BD yielded 750 mg/L. Whereas, BD3
and BD, media, yielded 664 mg/L and 665 mg/L,
respectively (Begum et al., 1998).
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Fig. 2.3. Antimicrobial activity of Spirulina
Spirulina Platensis against S.pneumoniae
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Fig. 2.5. Antimicrobial activity of Spirulina
Spirulina Platensis against S. dysenteriae
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Antimicrobial activity of Spirulina platensis

Extracts of Spirulina platensis with chloroform, ethanol and
methanol were screened for their antimicrobial activity. Only
freeze dried powder extracts showed antibacterial activity
against four pathogenic bacteria viz., Streptococcus
Pneumoniae, Bacillus Subtilis, Shigella dysentariae and
Sarcina lutea (Table III). Streptococcus pneumoniae and
Shigella dysenteriae gave the highest inhibition zone (14
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Fig. 2.4. Antimicrobial activity of Platensis
against B. subtilis
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Fig. 2.6. Antimicrobial activity of Platensis
against Sarcina lutea
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Table III: Inhibition zone activities of freeze dried Spirulina platensis cultured in different

Bacteria Methanol Ethanol

Chloroform

ngb 1 . Zarrouk ]é an IE Zarrouk (lé?bl.E Zarrouk
Sarcina lutea 7 12 9 7 11 10 7 12 8
Streptococcus pneumoniae 14 7 7 12 7 7 10 7 10
Bacillus subtilis 8 8 8 7 7 8 7 7 8
Shigella dysenteriae 14 8 10 13 8 7 13 7 7

mm) against methanol extract (cultured in Bdl medium Fig.
3.1 and Fig. 3.3). Sarcina lutea gave 12 mm inhibition zone
(Fig. 3.4) against methanol and chloroform extracts (cultured
in Zarrouk medium). In case of Bacillus subtiles maximum
inhibition zone was found in methanol extracts (§ mm) and
minimum was 7 mm against ethanol and chloroform extracts
(3.2). This result was observed by agar cup method. The
diameter of the inhibition zone dependent mainly on types of
the powder, type of solvents, amount of extracts used and the
tested bacterial organisms (Ozdemir et al., 2004; Kaushik and
Chauhan, 2007; Bhowmik et al., 2009). Antimicrobial activity
shown by Spirulina platensis is because they produce certain
biological active substances that could be be intracellular or
extracellular metabolites having diverse biological activity.

Conclusion

Our country will be benefited if nationwide use this nutritive
and cheap unused cabbage skin extract for Spirulina culture
at rural level. This study also noticed that only freeze dried
Spirulina powder extract showed anti bacterial activity
against specific bacteria
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