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Mangueira Lagoon, located in the extreme south of Brazil, has water with physicochemical
characteristics such as alkaline pH and carbonate levels propitious for the growth of the
cyanobacterium Spirulina platensis. Previously published studies have shown that Mangueira
Lagoon water supplemented with small quantities of carbon and nitrogen is suitable for S.
platensis cultivation and can significantly reduce production costs. We studied mixed cultures
of Spirulina platensis and the toxic cyanobacterium Microcystis aeruginosa using a 23 factorial
design in which the three factors were the initial biomass concentration of S. platensis and
M. aeruginosa and the type of culture medium (100% Zarrouk’s medium or 80% Mangueira
Lagoon water plus 20% Zarrouk’s medium). The highest S. platensis maximum specific
growth rate (un,.x) occurred in the culture with the highest M. aeruginosa biomass concentra-
tion and when undiluted culture medium was used (#max = 0.283 d~=1). The highest M. aerugi-
nosa specific death rate (k) was obtained in the presence of S. platensis (k = 0.555 d~') and
was independent of the initial M. aeruginosa biomass concentration and culture medium,
demonstrating that S. platensis cultures are not susceptible to contamination by M. aerugi-
nosa. The culture medium had no significant influence (p > 0.05) on S. platensis py,., values,
indicating that production costs could be reduced by using a medium consisting of 80%
Mangueira Lagoon water plus 20% Zarrouk’s medium.
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Introduction

The filamentous cyanobacterium Spirulina pla-
tensis is identified mainly by the helical arrange-
ment of its multicellular cylindrical trichomes
(Vonshak, 1997) which appear microscopically as
greenish filaments up to 1 mm in length (Vymazal,
1995) and 1 to 12 um in diameter with a free mov-
ing axis and no heterocysts (Richmond, 1990). This
cyanobacterium inhabits soils, sands, swamps, al-
kaline lakes and brackish waters, marinas and
docks where it uses photosynthesis to transform
water and nutrients into biomass and oxygen.

Proteins make up 64 to 74% of the total biomass
of S. platensis and, according to Vonshak et al
(1983), the lipid content varies from 6 to 13% and
the carbohydrate content from 12 to 20%, which
means that Spirulina biomass is highly nutritional
and can be used as a food supplement for humans
and animals and as a source of fine chemicals. Due
to its ecological, nutritional and economic impor-
tance Spirulina has been the subject of intensive
biotechnological studies. Reports showing that this

cyanobacterium is an estuarine or marine species
that can be produced on a commercial scale in
temperate latitudes (Costa et al., 2000) and several
companies have industrialized S. platensis produc-
tion because its cultivation requirements are sim-
ple, industrial residues can serve as feedstock and
its growth rate is high. Clinical studies suggest that
consumption of S. platensis has beneficial thera-
peutic effects on humans, including reduced serum
cholesterol, hyperlipodemia and obesity, increased
intestinal lactobacilli, improved immune response,
protection against some cancers, and a reduction
in the effects of exposure to radiation (Costa
et al., 2004).

The cosmopolitan freshwater colonial cyano-
bacteria Microcystis aeruginosa (Chroococcales,
Chroococcaceae) principally inhabits temperate
and tropical latitudes but has been reported from
some subtropical areas. Cyanobacterial blooms of
toxic Microcystis species pose serious ecological
problems for animal and human health, M. aerugi-
nosa is known to cause bad odors in lakes and
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reservoirs and to produce hepatotoxicity in ani-
mals and humans (Fleming et al., 2002). Metaboli-
cally, M. aeruginosa is unable to fix atmospheric
nitrogen and thus needs assimilable forms of nitro-
gen such as NH," or NO3~ for growth (Yunes and
Leon, 2001; Falconer, 1999; Falconer and Hum-
page, 1996; Bell and Codd, 1994; Carmichael,
1994; Gorham and Carmichael, 1980).

Although the commercial cultivation of cyano-
bacteria is basically quite a simple industrial proc-
ess the fact that the growth medium for these or-
ganisms is complex makes industrial scale
production difficult and costly and has led to the
search for new, lower cost, nutrient sources. Previ-
ous studies (Costa et al., 2003, 2002) have demon-
strated that water from Mangueira Lagoon
(33°30’S; 53°08'W), situated in the southern Bra-
zilian state of Rio Grande do Sul between Mirim
Lagoon and the Atlantic Ocean, has favorable
physico-chemical characteristics for the cultivation
of S. platensis in that it has the alkaline pH and
high carbonate and bicarbonate content necessary
for the growth of this cyanobacterium.

One problem that may arise with the use of nat-
ural unprocessed lake water for the cultivation of
S. platensis is that cultures could be subject to con-
tamination with toxigenic M. aeruginosa. The aim
of the work described in this paper was to evaluate
the growth of M. aeruginosa in artificially-contam-
inated S. platensis cultures and to ascertain
whether or not the growth of toxigenic algae could
pose a problem for the cultivation of S. platensis.

Material and Methods
Microorganisms and culture medium

The cyanobacteria Spirulina platensis strain
LEB-52 (Costa et al.,2000) and Microcystis aerugi-
nosa strain RST 9501 (Yunes and Leon, 2001)
were used in this study. The toxic Microcystis aeru-
ginosa strain RST 9501 was supplied by the “Uni-
dade de Pesquisa em Cianobactéria” of Fundagéo
Universidade Federal do Rio Grande. Its toxicity
and toxin content have been reported by Yunes
etal. (1996) and Matthiensen et al. (2000). For
maintenance and inoculum preparation we used
Zarrouk’s medium (Zarrouk, 1966) for S. platensis
and BGN/2 medium (Rippka et al, 1979) for M.
aeruginosa. The production runs were carried out
using undiluted Zarrouk’s medium (medium A),
Mangueira Lagoon water supplemented with 20%
(v/v) Zarrouk’s medium (medium B) and Man-

gueira Lagoon water supplemented with 60%
(v/v) Zarrouk’s medium (medium C). Mangueira
Lagoon is situated at 33°30’S; 53°08'W in the
southern Brazilian state of Rio Grande do Sul be-
tween Mirim Lagoon and the Atlantic Ocean. All
reagents were at least of analytical quality.

Cultivation

The cyanobacteria were cultivated in 0.25L
closed bioreactors using a 0.2 L working-volume
and aerated at a rate of 20 L h~! using diaphragm
pumps. Light was provided using 20 W daylight-
type fluorescent lamps (General Electric) at an il-
luminance of 1200 Lux and a 12 h:12 h light:dark
photoperiod (Tanticharoen et al., 1994). The biore-
actors were maintained at a constant 30 °C in a
growth chamber (Sarada et al., 1999; Zhang et al.,
1999) and the total growth time was 623 h.

The bioreactor experiments were carried out, in
duplicate, as separate runs according to a complete
23 factorial design where the initial biomass was 0
or 0.1 g L~! for 8. platensis and 0.01 or 0.03 g L~!
for M. aeruginosa (Table I). Two additional mo-
noculture S. platensis standard runs were carried
out with an initial biomass concentration of 0.1 g
L-!, one employing medium A and the other me-
dium B, along with two mixed-species standard
runs in medium C using 0.1 g L~ initial S. platensis
biomass concentration and a M. aeruginosa initial
biomass concentration of 0.2 g L.

Table I. Initial and final S. platensis and M. aeruginosa
biomass values during growth for 623 h in undiluted
Zarrouk’s medium (medium A) and in Mangueira La-
goon water supplemented with 20% (v/v) Zarrouk’s me-
dium (medium B). Each run was duplicated and the final
biomass values represent the arithmetic mean of the
two runs.

Initial biomass (g L~!)

Run S. platensis M. aeruginosa

Medium A

1 0.00 0.01

2 0.10 0.01

3 0.00 0.03

4 0.10 0.03
Medium B

5 0.00 0.01

6 0.10 0.01

7 0.00 0.03

8 0.10 0.03
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In pre-run trials samples were collected, asepti-
cally, every 48 h and the total number of S. platen-
sis filaments or M. aeruginosa cells calculated us-
ing a S50 Sedgewick-Rafter cell and phase-
contrast microscopy at 100x magnification and the
data used to construct calibration curves (data not
shown) relating dry biomass weight to cell or fila-
ment numbers for M. aeruginosa or S. platensis,
respectively. For each experimental run samples
were collected every 48 h and the dry biomass val-
ues used to calculate the biomass doubling time
(t4) and maximum specific growth rate (up,.y) for
S. platensis and the death time (D, = time needed
for the M. aeruginosa biomass to drop by 50%)
and specific death rate (k) for M. aeruginosa, p .
and k are calculated by exponential regression of
the ascending and descending logarithmic sections
of the growth curves. Death rate was calculated as
tq = In2/u,, and death time as D = In2/k.

Results and Discussion

The t4 and un.x values for Spirulina platensis
and k and D, for Microcystis aeruginosa are shown
in Table II. The mean u,,, value for S. platensis
was (0.245 £ 0.029) d~! but in mixed cultures fpmax
varied from (0.283 + 0.030) d~! in medium A in-
oculated with 0.03 g L~ of M. aeruginosa to (0.214
+ 0.007) d~! in medium B inoculated with 0.01 g
L1 of M. aeruginosa, while the lowest S. platensis
tq values occurred in runs 4 and 8 in which the
initial M. aeruginosa biomass concentration was
highest (0.03 g L~!) (Table II).

The S. platensis monoculture standard runs with
medium A gave Upa, = 0.153 d"! and 0.173 d~! for
medium B, these values were lower than the low-
est tmax values occurring in the mixed cultures
(Table II). It thus seems that the presence of M.
aeruginosa did not reduce the S. platensis .
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value but, on the contrary, in some cases in-
creased it.

Alkaline medium with pH 8.5 to 11 is normally
used to cultivate Spirulina species and this gener-
ally prevents the growth of algae, bacteria, fungi
and yeasts, additional bacteriostatic or bactericidal
protection is supplied by compounds such as ster-
ols which represent up to 1.5% w/w of the non-
polar lipid fraction of Spirulina species (Parada
etal., 1998).

The highest M. aeruginosa specific death rate
was k = (0.555 + 0.014) d~! for run 2, S. platensis
was present in run. Taken in conjunction with the
results described above, the data suggests that not
only S. platensis is not susceptible to contamina-
tion with M. aeruginosa but that S. platensis can
inhibit the growth of M. aeruginosa during the first
few hours of cultivation. The D, value represents
the time taken for the biomass concentration to
drop by 50%, and it can be seen from Table II that
there are large differences between the D, values
for M. aeruginosa grown in monoculture or in the
presence of S. platensis, with the mean M. aerugi-
nosa monoculture D, value being (3.40 + 0.24) d
as compared to (2.04 = 0.21) d when grown in
mixed culture with S. platensis.

Our data supports the work of Goodman et al.
(2000) who analyzed 62 products enriched with S.
platensis but found no evidence of microcystin (the
toxin produced by Microcystis aeruginosa), al-
though this toxin has been found in products en-
riched with other cyanobacteria and/or microal-
gae.

The growth curves for the S. platensis and M.
aeruginosa monocultures growing in medium B
(Mangueira Lagoon water supplemented with
20% Zarrouk’s medium) are shown in Fig. 1, from
which it can be seen that the M. aeruginosa bio-
mass remained constant during the first 100 h of

S. platensis

M. aeruginosa

Table II. Biomass doubling times
(t4) and maximum specific

growth rates (umay) for S. platen-

_ -1
Run fa [d] Hmax [d71] D.[d] kld™] sis and death times (D,) and spe-
ific death rates (k) for M. aeru-

1 - - 325 + 042 0202 £ 0.045 . : ; !
2 322+ 011 0214 + 0007 131 + 004 0525 + 0017  §nosa in a 2* factorial design
3 - - 362024 0191 £ 0012  CSXperiment Values shown are
4 2.79 + 0.14 0.248 + 0.012 303 056 0312 + 0015  ™Means &£ standard deviation.
5 _ _ 432 + 026  0.160 + 0.009
6 2.94 + 0.04 0.235 + 0.002 261 + 024 0265 + 0.024
7 — - 230 + 0.07 0299 + 0.010
8 2.46 + 026 0.283 + 0.030 124 £ 0.03  0.555 + 0.014
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Fig. 1. Growth curves (biomass versus time) of pure cul-
tures of S. platensis (o) and M. aeruginosa (M) grown
separately in 20% Zarrouk’s medium plus 80% Man-
gueira Lagoon water. Initial biomass was 0.1 g L~! for
S. platensis and 0.03 g L~! for M. aeruginosa.

cultivation but by 300 h had declined to almost
zero and remained at this level until the end of
the experiment.

When growing together both S. platensis and M.
aeruginosa showed similar tendencies in runs 2
and 4 in that the growth of S. platensis seemed to
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Fig. 2. Growth curves (biomass versus time) for S. pla-
tensis and M. aeruginosa growing simultaneously in 20%
Zarrouk’s medium plus 80% Mangueira Lagoon water.
Results for run 2 with an initial biomass of 0.1 g L~ for
S. platensis () and 0.01 g L~! for M. aeruginosa (®) and
run 4 with an initial biomass of 0.1 g L~! for S. platensis
(o) and 0.03 g L~! for M. aeruginosa (D).
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Table I11. Maximum specific growth rate (#may, d~1) ef-
fects, errors and significance values (p) obtained in a
complete 22 factorial analysis experiment with S. platen-
Sis.

Factor Effect [d~1] Error p
X4 0.040 0.023 0.145
X5 0.027 0.023 0.294

X1¥Xs5 0.007 0.023 0.787

X1, initial M. aeruginosa biomass concentration; X5, cul-
ture medium.

be unaffected by the initial biomass concentration
of M. aeruginosa (Fig.2). The curves show that
shortly after inoculation there was a sharp de-
crease in M. aeruginosa biomass which reached
close to zero at 300 h and remained at this level
until the end of the experiments, while for S. pla-
tensis a small lag phase lasting until about 40 h
after inoculation followed by exponential growth.
Comparing the behavior of M. aeruginosa in mo-
noculture (Fig. 1) and mixed culture (Fig. 2) it can
be seen that this toxigenic cyanobacterium shows a
lag phase in monoculture but not when cultivated
simultaneously with S. platensis.

The S. platensis u,.x values obtained in the runs
involving this cyanobacteria were analyzed as a 22
factorial experiment, the results showing that nei-
ther the biomass concentration of M. aeruginosa
nor the type of medium (i.e. medium A or B, me-
dium C being excluded from this analysis) had any
statistically significant (p > 0.05) effect on the S.
platensis p,.. values (Table III).

Our results indicate that Mangueira Lagoon wa-
ter supplemented with 20% Zarrouk’s medium
(medium B) has suitable physico-chemical charac-
teristics (e.g. alkalinity, carbonate content and mi-
cronutrient level) for the growth of S. platensis,
supporting the view (Costa et al., 2003, 2002) that
the addition of small quantities of carbon and ni-
trogen sources to Mangueira Lagoon water is
enough to ensure that this water can be used for
the cultivation of S. platensis and can thus signifi-
cantly reduce production costs for this cyano-
bacterium.

The data in Table IV was produced using not
only the results shown in Table II but also the data
from the two standard central point values with
M. aeruginosa (0.02 g L=Y) and S. platensis (0.1 g
L~1) in mixed-culture runs using medium C. This
analysis shows that the presence of S. platensis had
a significant effect (p = 0.010) in increasing the
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Table 1V. Specific death rate (k, d—1!) effects, errors and
significance values (p) obtained in a complete 23 facto-
rial analysis experiment with M. aeruginosa in simulta-
neous culture with S. platensis.

Factor Effect [d~1] Error p
X 0.153 0.048 0.010*
X5 0.024 0.048 0.638
X3 - 0.137 0.048 0.022%*

X1¥Xo 0.007 0.048 0.881

X1*X5 0.080 0.048 0.136

X5*X3 - 0.121 0.048 0.036*

X, initial S. platensis biomass concentration; X,, initial M.
aeruginosa biomass concentration; X3, culture medium.
* Statistically significant at p = 0.05.

specific death rate (k) of M. aeruginosa. The inter-
action among initial M. aeruginosa biomass con-
centration and medium composition had a signifi-
cant effect (p = 0.036) in decreasing the specific
death rate (k) of M. aeruginosa and the Mangueira
Lagoon water supplemented with 20% (v/v)
Zarrouk’s medium had a significant effect (p =
0.022) in increasing the specific death rate (k) of
M. aeruginosa (Table IV). Our results show that S.
platensis accelerated the decline in M. aeruginosa
biomass not only in medium B but also in me-
dium C.
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Conclusions

Neither cultures of Spirulina platensis were not
susceptible to contamination by Microcystis aeru-
ginosa nor did the initial concentration of this toxi-
genic microalgae have any significant negative ef-
fect on the maximum specific growth rate (#may)
of S. platensis, although it is possible that the g,.x
value for S. platensis increased in mixed cultures
with M. aeruginosa. The presence of S. platensis,
type of culture medium and the interaction be-
tween the initial biomass concentration of M.
aeruginosa and culture medium all had a signifi-
cant influence in the specific death rate (k) of M.
aeruginosa. There was no significant difference be-
tween the different culture media [undiluted
Zarrouk’s medium or Mangueira Lagoon water
supplemented with 60% or 20% (v/v) of Zarrouk’s
medium], indicating that undiluted Zarrouk’s me-
dium could be replaced by Mangueira Lagoon wa-
ter supplemented with 20% (v/v) of Zarrouk’s me-
dium thereby considerably reducing S. platensis
production costs.
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