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ABSTRACT

A local strain of Spirudina platensis isolated from El-Khadra ake — at Wadi El-Natroun,
Egypt - was used to study the effett of increasing dose of salinity in the growth medium
{from 250 to 500 mM} and pH from 9.51c 11.0 on its efficiency for producing carotenoid
pigments.

? The obtanied resulls showed that increasing pH value of Spirulina platensis
growth medium from 8.5 lo 11.0 increased f(-carotene pigment producti~n. The
nighest concentration of this pigment was obtained at pH range batwesn 9.8 10 10.10.
Increasing salinity level from 250 fo 500 mM increased p-carclene content. The
highest yeild of the pigment was obtained al 450mM salt concentration. HFLC
analysis showed a new pigment obtained at pH value of 8.8 and salinity of 450 mM
which identified as [utein.

Keywords : Spirufina platensis, Carolene production, salinity stress, Lutein.

INTRODUCTION

In recent years, considerable interest has been expressed in the outdoor
cultivation of Spirufina for commercial purposes (Vonshak and Richmond
1981; Richmond 1988). Due to its pigment composition, Spirtina is used as
a feed ingredient for pigmentation of ornamental fish, especially goid fish
and fancy red carp also it was used for improvement of the integumentary
color of cultured fish such as tilopia and sweet melt (Miki, et al., 1986)

The filamentous cyanobacterium Spirulina plantensis can be isolated
form a wide range of habitats, which differ in their quality (Cifferi 1983). in
some salty and highly alkaline aguatic environments, Spirufina spp. strains
may form, a bloom representing more than 80% of the total phytoplankton
hiomass (Rechmond 1988). In such habitats it can grow under arid and
semi-arid conditions, at daily evaporation rate of 1-2 cm which leads to a
constant increase of salt concentration (Vonshak 1987).

The pigment composition of Spirufina is typical of cyanobacteria. The
only chiorephyll present is chiorophyll-a, its content varying from C.8 fo 1.5
percent of dry weight (Paoletti et a/, 1980). The xanthophylls content of
freeze-dried Spirufina is considerable, reaching 6.9 g/kg. The cther major
carotencids are myxoxanthophyll {37%), a monccyclic carotenoid attached
to rhamnose, J-carotene, 28% and zeaxanthin, 17%(Paoletti, et af., 1971).

In a stability study of p-carotene in Spirulina |, (Seshadri ef a/., 1999)
found that lower drying temperature reduced dacomposition of -carotene.
Addition of antioxidants and elimination of air were also found to contribute
tc the preservation of p-carotene.

Spirufina biomass cultivated cutdoors demonstrated an increase in the
content of myxoxanthophyll and asullaxanthin (Vincenzini et af 1986).
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The high intracellular sodium concentration is usually toxic to most
biological systems (Wyn-Jones and Gorham 1983). Adaptation to salinity
stress requires the development of mechanisms, that limit saits accumulation
inside the cell. These mecharisms may consist of low permeability cf the
plasma membrane to sodium, combined with energy-consuming extrusion of
entering sodium ions. Such mechanism is the Na+/H+ antiporter in which
the extrusion of sodium form cell is coupled to the inwardly movement of
protons (Blumwald ef al., 1984b, Krulwich 1986). Another aspect of
adaptation to salinity is a build up of internal organic osmosis in order to
cope with unbalanced osmotic pressure (Mckay ef al., 1984; Reed 1986;
Hageman et al, 1987). Warr et al, 1985 showed that Cyanobacteria are
charcteristic to extreme environment such as instance in deserts, and
alkaline systems (Ward et al, 1989). Two greater lakes in Ethiopia, iake
Kilotes and Aranguedi, both characterized by their high salt content and
alkalin pH, which support a dense population of Spirulina. In the lake
Aragnuadi, (characterized by high alkalinity pH of 10.3), the only present
microorganism is 8. Platensis and its abundance is very high, turning the
water in deep green. The high biomass of S. platensis was responsible for
the extremely high photosynthetic rate of (1.2 to 2.4 g of oxygen
produced/m2) (Witton, ,1992;Comaa ef a/,2000). In Egypt, (Aly 2000)
discovered the dominance of an algae in El-Khadra lake in Wadi-El-Natrun
which live under extreme condition of pH 10.5 and salt concentration of 0.55
M, which identified as S. platensis.

The aim of this work is to quantify the effect of pH and salinity on the
production of caroteniod pigments by local Spirulina strain.

MATERIALS AND METHODS

Organism and growth conditions:

The cyanobacterium Spirufina platensis used in this study originally

isolated from El-Khadra lake at Wadi-El-Natrum, El-Behera Governorate this
algae has been grown in batch culture under sterile conditions in modified.
{Aiba and ogama medium 1977). The sodium salts content of the medium
was 250mM; most of it as sodium bicarbonate. The inoculated flasks and
tubes were incubated on a rotary shaker {at 25C and 400 rpm) illuminated
with white fuorescent lamps.
NaCl stress; Exponentially growing cells were harvested and re-suspended
at a concentrations of chlorophylls 3 mg; in fresh medium containing NaCl at
the indicated concentrations (250mM, 306mM, 350mM, 400mM, 450mM and
500mM).

Different levels of pH values of the growth medium were
experimented. Strile NaOH solution was used for adjustment of the pH levels
of the growth medium. The increase in chiorophyll content of the tested
cultures was taken as indicator for Spirufina growth. Chiorophyll-b was
assayed as described by (Bennet and Gogorad, 1973). Pholosynthesis was
assayed as the light-dependent oxygen evolution by means of a clarktype
oxygen electrode (Yellow Spring. USA).
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Deterrnination of chlorophyll (a and b) and totat carotencids content
of the tested cultures were determined in acelone extract frormn dried
products by spectro- photometer at 450, €47 and 750 nm respectively
against methang! zecerding to (Jeffrey and Humphrey, 1975).

Pigment preparation and chromatography:

Pigment extraction: The algae were sedirmentec at roorn temperature by a
gentle centrifugation at 400rprm for Smin. For pigment extraction, an
equivalent of 10 mg dr.wt. of algae was disrupted by grinding in a mortar and
with a pestel in the presence of sea sand and srmall amounts of 80%
acetone or tetrahydrofuran solvent for centrel and stressed algae
respectively. The extract was dried under vacuum under a nitrogen stream
and redissolved in 90% agueous acetone for analysis . All the operations
were periormed under dim light as recomrnended by (Jeffery and Humphrey
1975) and was measured after freeze-drying.

The thin layer-chrornategraphy was perfermed on 0.25 mm thick
silica plates (60F254.Merck) and eluted with 70% Acetonitril + 20% Dichloro-
methane + 10% Methanol solvent and measured at wave length 450A°,

Fractionation of p-carotene was performed by HPLC - Dicnex
Chromeleon, (at IGV lab., Grermany). Using Zorbox column, ODS ( 250 x
4.6 mm,). The mobile. phase was mixture of 70% Acetenitril, 20% Dichloro-
methane and 10% methanol, the flow rate of the gas was m>min.

RESULTS AND DISCUSSION

Cyanobacteria inhabit enviranments which vary drastically in their saline
levels. Recently, many studies were published on the response of
cyanobacteria to different saline environments. Different Spirulina species
have been isolated from a variety of saline environments (Gabbay and Tel-
Or., 1985}

Exposure of Spirufina culiures to high NaCl concentrations results in an
immediate cessation of growth. After a lag period, a new of steady state is
established. Net only in growth inhibited for at least 24h after the exposure
lo the high NaCl concentration, but a decrease in biomass is cbserved after
which a new steady-state exponential growth rate is established. The new
growth rates after adaptation are slower and inversely correlated to the
increased NaCl concentration in the mediurmn (Vonshak et al, 1988b). A
decrease in the growth rate due to salt stress has also been dermonstrated in
other cyanchacteria (Vonshak and Richmend 1881 and Blumald and Tel-Or
1982). It is worth to mention that the length of the tirne lag is exponentially
correlated to the degree of stress imposed on the cells. This lag period in
rmany <ases is associated with a decline in chlorophyll and biomass
concentrations in ti.e culture (Vonshak et al., 1988b).

The response of Spirulina to salinity with regard to the degree of growth
inhibition, adaptability tc salt leveis and the rate of adaptation varies widely
depending on the strain used in the study.
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[t has been suggested thal exposure of Spirufina to high saiinity is
accompanied by a higher demand for energy by the stressed cells
(Blumwald and Tel-Or, 1982). They compared the changes in the
photosyntnetic and respiratory activity of Spirulina over a period of 30min to
48h. after exposure to 0.5 and 1.0M NaCl.

Biomass concentration was taken as an indicator of growth. They
noticed marked decrease in !he photosynthetic oxygen evolution rate 30min
after exposure fo both salt concentrations. This decline was followed by a
recovery period characterized by a lower steady -state rate photosynthesis
which was faster at 0.5M than at 1.0M NaCl concentration{pulz and
Scheibenbogen, 1998).

The pH of the medium is one of the most important faciors in culturing
Spirufina. Maintaining a pH over 9.5 ¢ mandatory in Spirufina cuitures ir:
order to avoid contamination by other algae.

Results in Table (1) show that the optimum pH value which yielded the
tighest chlorophyll-a amount (1.89 mg/l} was 107 after 14 days of
incubation compared to the control (pH 9.5) which gawve only 0.15 mg/L.
increasing incubation lime decreased chlorophyll-a amount may be due to
the harmful effect of the alkaline pH on the growing organism.

Table 1: Effect of pH on Chlorop

Time (days) g

5 (Control) 1010 | 10.40 J_1{}.?{}) 11.80

020 | 020 | 020 | 020

7 0.18 029 | 068 | 038 043 | 040
4 | 015 076 | 0.54 | 122 1.89‘\ 0.72
21 0.47 074 | 076 | 08t [0.71 099 |
28 1.28 177 [ 180 | 0.80 | 0.91 | o046

In Table (2) the highest p-carotene and yield (1.82 mg/L) was recorded
at pH. 104 after 14 days of incubation. From tables {1&2) the amount of
carotene grows parallel with the amount of chlorophyll-a. Increasing or
decreasing growth medium pH or incubation ime induced the same effect on
both tested parameters.

TJable 2: Effect of pH on B-Carotene [mg/|
Incubation PH of the growth media ]
Time {days) 9.5 (Control) | 9.8 |10.10 | 10.40 | 10.70 | 11.00 |
] 0.57 i 0.57 1057 | 057 | 057 0.57 |
7 057  [068 | 1.01 | 027 040 | 0.19
14 148 128 (076 | 1.82 146 | 0.74
21 1079 137 | 1.07 | 098 093 | 1.20
28 | 098 1.93 (1584 | 072 | 097 | 093 |
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These results show also that the decrease in the amount of 3-caroteng
and chlorophyll-a after 14 days at pH 11.0 and 10.7 may be on the expense
of the increase in the amounts of xanthophylls and zeaxanthin as reporied
oy (Mervgii, 1983).

The effect of salinity of the growth medium on the spirutina preduction
of chlorophyll-a and p-carotene (Tables 3,4) showed thatthe increase of
Salinity from 250 to 500 mM Nacl, decreased chlorephyll-a content in the
growth medium as the incubaticn time extended up to 28 days compared to
contral (250 m M Nacl) . On the other hand f-carotene increased in the
growth medium at the same incubation time when the salinity levels reached
400 and 450 m M Nacl/ L. In this regard there are some fluctuations in the
f-carotene content within the different tested salinity levels (Table 4).

The results in fige. 1,2,3,4,5 iltustrate the effects of PH and sc!inity on
chiorophyll-a and (-carotene pigment production as well as there
constiluents. From these results, variations in the composition of Spirulina
chlorophyll-a and its carctinged pigments composition could be observed.

The results in Fig. (1) of thin layer-chromatography clearly shown that
pH 10.4 affect the pigments produced by the algae higher In 8- carotene,
while pH-10.7 showed higher contents of p-carotene as well as the
appearance of new pigments namely, Cantaxanthin, Axanthin.

Table 3: Effect of salinity stress on Chlorophyl- a [mg/l]

Incubation Salt Concentration in (m.M).
Time {days) (250 (Control) | 300 | 350 [ 400 [450 | 500

0 0.20 020 [ 020 [0.20 [020[ 020
7 018 017 1032 [ 058 |048 | 025
14 0.15 046 [ 029 [ 044 [014 | 127
21 0.47 070 | 072 | 0.51 |0.87 | 0.81
23 1.28 0.55 [ 045 | 0.93 [067 | 0.66
Table 4: Effect of salinity stress on Carotene [mg/l]
Incubation NaCl Concentration in m.M.

Time (days} [250 (Control} { 300 | 350 | 400 [450 | 500
0 0.57 057 | 0.57 | 057 [0.57 0.57
7 0.57 0.49 1076 | 094 [0.96 0.69
14 1.48 090 [ 074 (091 1214 Q32
21 0.79 102 [ 114 [ 086 072! 067 |
28 0.98 091 1074 | 147 [124] 082 |

By increasing the salinity from 350 to 400 and 450 m/M Naci., the
highest peak was obtained at concentration of the salt 400mM.(1.47 mg/L}
for B-caroteine and at 250 m.M. for chloraphyl-a 1 28 { mgil).

It is clear from the paper chromatogram (Fig 1) that the pH values of 9.8
. 10.1 and 10.4 resulted in the highest concentration of f-carotene.
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Fig :1 : The effect of pH and NaCl concentration in the growth
medium on the production of pigments.

Increasing salinity of the growth medium up to 450 mM Nacl induced
high concentrations of pigments which were unknown compared with the
standard. s.

These unknown compaunds were exiracted and studied by means of
HPLC. The obtained results illustrated Figs. (2,3,4,5,) showed two main
pigments lutein and p-carolene amounted 4.054 and C.801 height (mAU
mille Absorbance Unit), respectively. These results are in harmony with the
findings of (Paila and Busson, {1968), and Miki et &/, 1988), who stated that
P-carotene is found in cyanobacteria that do not carry out crystallization
which found in S. glantensis isolated from lake Chad by Palla and Busson
(1968). They have detected small amounts of echinenane and of p-
cryptoxanthin compounds.

It is clear from fig (3) which showed the effect of salinity and the
pigment production of the Spirviina plantinsis. Including B-carotene and
lutein. The obtained results show that salinity {400 mM) induced the highest
amount of B-carotene which reached 1.24 mAU as compared to only 0.57
mAU in the control after 28 days . The lutein content reached 5.338 mAU
while in the control was only 3.82 mAU . These results were previously
obtained by Miki eta’ {1886} who found that f-carotene is known as the mgst
important vitamin (A} precursor in human nutrition besides B-carotene of
theoritical vitamin A activity 1.667.000 iu.g (cited by Bauernfend et ar.
1971). On protein basis. S. platensis appears o have a higher provitarin A
content .
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Fig — 2: Effect of standard medium of Spirulina plantinsis
(control) on the pigments production after 28 days

incubation.
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Fig — 3 : Effect of PH 10.10 on the content of pigments
produced by Spirulina platensis
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Fig ~ 4 : EMlect of salinity (450mM) on the constituents of
pigments produced by Spirulina platensis

- QAoar g0 Sam 4305, LA
17.!:
18,04
18]
10,0

a8 56 160 e 20 Ho a0
No. | fetTioe Peak Naow Helght  Ama  RoLAme Amount  Typs
0 n_% 1og
ki 200 na. A00e 2335 M9 na B
2| 28 na 4%0  Axr aer ne b
k| 3w na 0,74) 0,138 o na b
L] in Lagdmin 543 1053 7.5 1,204 ")
na e Cantmanun an na na ne Al
na. Chicorophwit b an na ne LT3 na,
no Ft: Chiorophwt & na na na na na,
L] 1540 S-Carotn
Yotal: . 19454 13,973 300,00 2027

2183



Ali M. 8.

Fig - 5 : Elfect of salinity (400mM) on the constituents of
pigments produced by Spirulina platensis
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it could be concluded that the increasing of pH value of the growth
medium of Spirulina plantinsis form 9.5 t0 11 .4 has led {o the increase in the
B-carotene pigment. The highest concentration of this pigment was obtained
at pH range between 9.8 to 10.1. Concerning the Increase of salinity of
growth medium from 50-500 mM an increase of P-carotene was found. The
highest content of the pigment was oblained at salt concentration of 450
mM. Al high pH and salinity values, new pigments were obtained identified
by HPLC as lutein The highest concentraticn was obtained at pH value of
9.8 and salinity of 450 mM.
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