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Introduction

Kappaphycus alvarezii (Doty) Doty ex. P. C. Silva is one
of the most important sources of raw material for the
carrageenan industry (Ask & Azanza 2002). In Bra-
zil, only Hypnea musciformis (Wulfen) J.V. Lamouroux
is used as raw material and its natural stocks are not
sufficient to supply the Brazilian demand (Bulboa &
Paula 2005; Reis, Yoneshigue-valentin & Santos
2008). This was one of the reasons why, in 1995, K.
alvarezii was introduced at the Brazilian Southeast-
ern coast, in Sao Paulo State (Bulboa & Paula 2005).

The carrageenan yield (CY) can change in accor-
dance to environmental parameters as a mechanism
of prevention against stressful situations like salinity
fluctuations (Hayashi, Oliveira, Bleicher-lhonneur,
Boulenguer, Pereira, Von Seckendorff, Shimoda, Lefla-
mand, Vallée & Critchley 2007; Reis et al. 2008).

Few works discuss the salinity effects on daily
growth rate (DGR) and CY of eucheumatoids in spite
of its importance (Ask & Azanza 2002). This informa-
tion could help the identification of good sites for cul-
tivation and would help mitigation activities (Ask,
Batibasaga, Zertuche-gonzalez & De San 2003). Thus,
the aim of this study was to analyse the effect of the
salinity on DGR and CY values of K. alvarezii in vitro.

Materials and methods

Green, brown and red variants of K. alvarezii were ac-
quired at a farming located at Praia Grande, Itacuru-
¢a Island, north of Sepetiba Bay, Rio de Janeiro State,
Brazil (22°57'02"S and 43°54'22"W). Kappaphycus
alvarezii voucher material was included in the Her-
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barium of the Botanical Garden of Rio de Janeiro
(RB 425.507).

The variants were cleaned of epiphytes, using
clamps and paper towel and acclimated for 30 days
in 5L glass tanks (water temperature — 22 + 2 °C,
water surface irradiance — 130 4+ 20 pmoL m ~%s !
photoperiod — 12-h day, salinity (PSS) — 35 + 2).
After 35 days, the samples were weighted and the
CY and quality were measured considering that a
production cycle rates from 30 to 60 days (Neish
2006).

The tested salinities (15, 25, 35 and 45) were ob-
tained by freezing and defreezing seawater (Oliveira,
Paula, Plastino & Petti 1995) and seawater (35) was
used as control. Six replicates of each salinity were
tested. Apical portions of each variant of K. alvarezii
(brown, red and green) with 5cm, making a final
weight of 5 g, were placed in Erlenmeyer flasks with
200 mL of seawater under aeration for 2 weeks. The
seawater was filtered in an ester cellulose membrane
(045 um, Millipore Corporate Headquarters, Billerica,
MA, USA) and 10mLL ™' of enriched seawater —
ES/2 were added (Starr & Zeikus 1993) and weekly
changed.

Growth was estimated as the mean DGR over a 35-
day period, calculated according to the formula
DGR = In(W;/W,)/t x 100, whereW, stands for initial
dry weight, W; for final and ¢ for time of cultiva-
tion (Hurtado, Agbayani, Sanares & Castro-mallare
2001). The initial dry biomass was established with
5 g of algal wet mass dried in an oven until constant
weight (60 °C).

The semi-refined carrageenan extraction was ob-
tained with hot alkali transformation in 0.2% KCI
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and 6% KOH solution followed by successive water
showering to remove any alkaline residues. Carra-
geenan yield results were expressed as the percen-
tage of carrageenan from a sample of the individual
dry mass (Reis et al. 2008) according to the formula:
Yield = (W./W,) x 100, where W, is the extracted
carrageenan dry weight and Wj is the dry seaweed
weight used in the extraction.

The normality (Shapiro Wilk’s test) and homogene-
ity (Cochran test) assumptions of the variances were
tested. Carrageenan yield was transformed to its arc-
sine because it is recommended to transform percen-
tages (Zar 1996). DGR were transformed using the
equation x = square root(x) +square root(x+1). To ver-
ify the accuracy of the different tested salinities, ob-
tained by the freezing and defreezing method, and
the interaction of salinity and the variants of K. alvar-
ezii on DGR values and in the CY of the samples, the
two-way analysis of variance (ANova) was used. The
post hoc Fisher’s LSD test was used to separate these
differences. The salinity dependence on DGR and CY
values was tested by polynomial regression tests. STA-
TISTICA 6.0 (Statsoft South America, Sao Paulo, Brazil)
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was used on all analysis. Tests were carried out at
P =005 level of statistical significance and data are
expressed as mean =+ standard deviation.

Results and discussion

The accuracy of freeze—defreeze seawater method
was attained because no difference was obtained be-
tween the DGR (Two-way ANova, F = 340, P = 0.07)
and CY (Two-way ANovA, F = 0.01, P = 0.90) values
on the variants of K. alvarezii — brown, red and green
(Fig. 1 a—f). An interactive effect of the variants and
different the salinities on DGR values (Two-way ANO-
VA, F = 641, P<0.001, Fig. 1) was observed. After 35
days in vitro, the variants presented higher DGR va-
lues in salinities of 25, 35 and 45. The lowest DGR of
all variants occurred in salinity 15; however, the
brown variant (Fig. 1a) showed higher DGR results
in this salinity level when compared with the other
variants (red — Fig. 1b, green —Fig 1c). In other studies,
K. alvarezii presented lower DGR values in periods of
rainfall at Brazilian southeastern coast (Paula, Per-
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Figure 1 Daily growth rate (% day ~ ) of the brown (a), red (b) and green (c) variants of Kappaphycus alvarezii and carra-
geenan yield (%) extracted from the brown (d), red (e) and green (f) variants of this species. Square: median; rectangle:
standard error; vertical bar: standard deviation and circle: outliers.
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eira & Ohno 2002; Bulboa & Paula 2005). The DGRs
of the brown and the green variants in salinity 45
were higher than the red variant (P <0.001, LSD test,
Fig. 1a).

There is no clear reason why the brown variant ob-
tained higher DGR values at this given salinities (15
and 45 PSS) when compared with the green and red
variants. Santelices 1999 relates seaweed growth to
a complex interaction between irradiation, water
motion, temperature and nutrients. Muiioz, Freile-
pelegrin and Robledo 2004 correlate these factors
explaining that when a major decline of one particu-
lar factor occurs it can be compensated by another,
thus regulating the growth of the affected individual.
The brown variant could show higher DGR values in
lower salinity levels due to its more effective ion sorb-
ing capabilities when compared with other variants
(Kumar, Ganesan & Rao 2007) as a direct response
to this particular stress. No difference was observed
between the variants in salinity 35. Higher DGR va-
lues were obtained by the brown variant in farmings
at Kenya (Wakibia, Bolton, Keats & Raitt 2006) and by
the green variant at the Philippines (Hurtado et al.
2001).

There is not an interactive effect of the variants
and the different salinities on the CY (Two-way ANO-
vA, F =1.2, P = 0.33). All the variants produced high-
er CY values at salinity 15 (F = 536.6, P<0.001, Fig.
1d—f); on the other hand, the DGR values of K. alvare-
zii (> = 0.68, P<0.001, Fig. 2a) and its CY (* =0.94,
P <0.001, Fig. 2b) had a high dependence on salinity.
This environmental factor is one of the most impor-
tant influences on the CYof K. alvarezii (Hurtado et al.
2001) and Hypnea musciformis (Reis et al. 2008). It is a
natural defensive response to stressful conditions for
most red algae in particular Gracilaria sp. and carra-
genophytes like Chondrus sp. and Solieria sp., to in-
crease the cell-wall contents of such components in
order to rapidly mitigate any harmful consequences
caused by either salinity, light or water motion (Gou-
lard, Diouris, Quere, Deslandes & Flocapos 2001;
Freile-pelegrin, Robledo, Pedersén, Bruno & Rénng-
vist 2002; Villanueva, Hilliou & Sousa-pinto 2009).
They directly contribute to the osmotic equilibrium
of the cell (Percival 1979) and it is important to the
survival of the algae in sites with fluctuating salinity
conditions (Percival & McDowell 1967).

It is difficult to compare the CY results obtained in
this work with others studies due to the different ex-
traction techniques applied (Mufioz et al. 2004; Haya-
shi, Oliveira et al. 2007). The CY of K. alvarezii from
Sepetiba Bay in vitro in salinity 35 was higher than
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Figure 2 Linear regression of daily growth rate (a) and
carrageenan yield (b) of Kappaphycus alvarezii under
different salinities.

the semi-refined carrageenan (Hayashi, Paula &
Chow 2007) and refined carrageenan extracted from
seedlings cultivated in the Brazilian Southeastern
(Hayashi, Oliveira et al. 2007) from Mexico (Mufioz
et al. 2004) and lower than the ones cultivated at Phi-
lippines (Trono & Lluisma 1992). Because Estuaries
and coastal lagoons are common in southern Brazil
and these environments represent 15% of coastal
areas (Barnes 1989), the information found in this
study could be important to consider the expansion
of Kappaphycus cultivation.
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