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Abstract

Agar characteristics of Prerocladia capillacea were examined seasonally at two intertidal populations exposed to
different wave energy on the northern rocky shore of Gran Canaria Island. Plants were collected monthly from
August 1991 to July 1992. Agar yield, gel strength, melting and gelling temperature and chemical properties such
as sulphate and pyruvate content were measured. Percent epiphytism was determined on both populations, together
with the changes in biomass as dry weight. Specimens in the sheltered habitat were larger and more epiphytized
than ones in the exposed area. There was a clear seasonal change in agar characteristics in both populations. Agar
yields decreased in late spring and early summer, although in the sheltered habitat fluctuations were more erratic.
Gel strength increased in winter, reaching a2 maximum in December-February. No significant differences were
found in agar yield, gel sirength or melting and gelling temperatures, but there was a difference between fish to
dry weight ratio. The role of the exposure degree as a possible environmental factor responsible for this behavior

is discussed. Agars of Prerocladia capillacea from Canary Islands show characteristics for industrial use.

Introduction

Agars are polysaccharides in the intercellular matrix
of primarily two red algal families, Gracilariaceae and
Gelidiaceae (Craigie, 1990). Agar provides structural
support in response to water movements resulting in
elasticity and rigidity of the alga. The structure of
agar is basically composed of neutral and charged
galactoses consisting of alternating molecules of D-
galactose and 3,6 anhydro-L-galactose (Duckworth &
Yaphe, 1971). Charged residues such as sulphate esters
and pyruvate acetal play an important cole in the phys-
ical and rheological properties of agar.

Pterocladia spp. are of considerable commercial
significance as a source of the phycocolloid agar. They
are the next imporiant source of bactenological agar
and agarose to Gelidium (Armisén & Galatas, 1987).
Both genera are exploited in the Azores and in New

Zealand for the agar industry (McHugh, 1991). Pre-
rocladia includes 10-12 tropical species having only
two species common lo temperate waters, P. capil-
lacea (Gmelin) Bornet et Thuret and P. lucida (Tumer)
J. Agardh. The temperate species grow where there is
strong water motion, which is considered to be the
main factor affecting shoce plant distribution (San-
telices, 1988). Survival of this macroalga depends on
its ability to withstand the hydrodynamic forces gener-
ated by breaking waves, an ability that may be related
to both the morphology and size of the plant.

Various factors such as habitat, water temperature,
light intensity and geography as well as biotic interac-
tions such as epiphytism influence the relative propor-
tions of seaweed constituents (Santelices, 1988). The
effect of environmental conditions on agar composition
is usually studied by following seasonal variations in
quantity and quality. These variations may be regarded
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as biological alterations of the chemical and physical
properties of the cell wall 1o meet environmental or
physiological demands (Craigiec & Wen, 1984). Sever-
al authors have reported these changes in other seaweed
species, with only limited data for Pterocladia capil-
lacea (Fredlander & Zelikovitch, 1984; Oliveiraetal.,
1995) (Table 1).

The influence of local or micro environmental fac-
tors on seasonal changes in phycocolloid yields and
properties are often not known or inadequately docu-
mented (Craigie, {990). Correlations have been found
between species zonation, ecologicat distribution, and
cell wall composition suggesting that matrix polysac-
charides such as agar may be involved in mechanical
regulations (Kloareg & Quatrano, 1988). For exmaple,
in Mastocarpus steflatus and Chondrus crispus Dud-
geon and Johnson (1992) found that differences in
mechanical properties of the stipe may be reflected in
differences of plant size which could be explained as
different cell wall polysaccharides composition; how-
ever, they did not evaluate polysaccharides of these
species.

Aim of this study was to present the seasonal dif-
ferences in yield, rheological and physico-chemical
properties of agar from Pterocladia capillacea.

Materials and methods
Study area

The Canary Islands are volcanic in origin with a rocky
coastline consisting mostly of weathered basalt. The
Islands are bathed by the relatively cold water of the
Canary current flawing from NNE with sucface temper-
atures at Gran Canaria between 18 and 23 °C. Salinity
tn oceanic waters around Canary Isfands is stable at
37%o. Tidal range is moderate with a mean high tide
level of 2 m and a mean low tide level of 0.8 m. In
the northern rocky coast of the Canary Islands, Prero-
cladia capillacea is commonly found in the middle to
low intertidal zone forming dense patches. Two local-
ities exhibiting different wave exposure degree were
sampled monthly. Quantitative measurements of water
movement applicable to benthic situations are difficult
to apply in wave beaten habitats; therefore the wave
exposure was described in terms of peevailing currents,
wind direction and coastal topography. Bocabarranco
at the north (28°09’N, 15°40’'W) is a sheltered zone
protected from direct wave action by rock outcroppings
while Agaete at the northwest (28°06'N, 15°43'W) s

a more exposed boulder site directly impacted by the
waves {rom the open coast,

Plant collection

Prerocladia capillacea plants were collected from
August 1991 1o July 1992 10gether with measucements
of water temperature. Plants were cut above the hold-
fast during the lowest tides of each month. In the lab-
oratory they were washed thoroughly with tap water
to remove silt and sand. Wet weight was measured 1o
the nearest 0.01 g after centrifugation in a commercial
laundry centrifuge for [0 s to remove excess water.
100 g wet matenal was weighed (n = 3), oven dried
overnight at 60-70 °C and reweighed. Samples were
stored in sealed plastic bags until agar extraction.

To determine percent of epiphytism on Prerocladia
capillacea, three sub-samples from the fresh mateni-
al were weighed. Epiphytes were cleaned by brushing
and scrapping Prerocladia fronds. The weight recorded
after this procedure was taken as the value of pure sea-
weed (percent of agarophyte from original samples).
Three samples (1 g each) of fresh pure seaweed were
oven dried for 24 h at 60 °C to estimate monthly bio-
mass changes in terms of dry weight.

Agar extraction

Dry seaweeds were exposed to a 0.5% solution of
Na;CO; at 85-90 °C for 30 min prior to extraction and
washed with running tap water for 10 min. Agar was
extracted (n = 3) with distilled water at pH between
6.0-6.5 and autoclaved at 120 °C for 2 h. The mixture
was ground with a commercial blender and heated at
90 °C with diatomaceous earth for 30 min and finally
pressure filteced (Armisén & Galatas, 1987). The fil-
trate was allowed to gel at room temperature, frozen
overnight and thawed. Finally the agar was oven dried
for 24 h at 60 °C, coooled and weighed to calculate
percent agar yields.

Gel properties

Dry agar was ground tn a Tecator mill and reconstituted
into 1.5% w/v solutions to measure physico-chemical
characteristics (gel surength, melting and gelling tem-
perature, n = 3). Gel suength was measured after
gelling overnight at room temperature by measuring
the load (g cm™?) causing the cylindrical plunger 11
cm? cross-section) (o break a standard gel i 20
(Armisen & Galatas, 1957
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Tuble {. Prerocladiu capillucea. Agar content physical properties and chemical characteristics found by other authors at different

locations.

Locality  Agarcontent Gel strength  Gelling Melting Sulphate  Pyruvate  Source

(%) (gem=3})  T(°Q) T(°O (%) (%)

Barbados 15.32 -— - - 17 0.65 Young et al. (1971)

Egypt 14.0-27.0¢ - -- - - - Rao & Bekheet (1976)
Brazl 36.5-37.0 -- -- - -- -- Santos (1980)

Hawai 28.9-31.1 - -- - - -- Santos {1980)

Flonda 33.0-41.0° 110190 41.045.0°  82.0-85.0° 1.80-2.20 -- Cote & Hanisak (1986)
tsract 28.59 a480:® 273 98 0.48 -- Friedlander & Lipkin (1982)
Iseael 5.5-32.0° 150-950%% 21.0-32.0°* 91.0-99.0%:0 1.20-2.50° -- Friedlander & Zelikovitch (1984)
Venczuela 12.4-27.6 1313-1470  35.0-35.5 97 0.30-2.60 0.0 Lemus et al. (1991)

Beazil 15.0-34.0 -- -- - - -- Oliveira & Berchez (199))
Brazil 5.5-32.2 - ~- - 1.00-4.60 -- Oliveira et al. (1995)

Spain 15.0-29.5¢ 813-1428% 346-363° 88.9-95.5%  2.12-3.43° 0.14-0.47% This study (Agacte)

Spain 16.7-29.8¢ 912-1354% 34.4-369* 86.9-9492 1.98-3.10° 0.12-0.50° This study (Bocabarranco)

2Native agar (without alkal treatment),
1% agar solutions.

Gelling temperawure was obtained by the addition
of 10 ml hotagar solution into a test tube (2.3 cm diam-
eter, 6 cm height). A glass bead (5 mm diameter) was
placed in the test tube. The tube was tilted up and down
in a water bath at room temperature until the glass bead
ceased moving. The gel 1emperature in the tube was
immediately measured introducing a precision ther-
mometer {0.1 °C divisions). Melting temperature of
the gel in a test tube (2.3 cm diameter, 16.5 cm height)
was measured by placing an iron bead (9 mm diam-
eter) on the gel surface. The test tube was clamped
in a water-bath and the temperature raised from 50 to
100 °C; melting point was recorded with a precision
thermometer when the bead sank into the solution.

Agar substitutions

Percent sulphate was determined by hydrolyzing 1 g
of agar powder (previously dried at 105 °C) in 10 ml
HNO; in 100 ml Kjeldahl flasks that results in complete
hydrolysis of the ester sulphate followed by quantita-
tive precipitation with barium chloride of the liberated
sulphate. The precipitates were collected on ash-free
gravimetric filters, dried, ignited and weighed on a pre-
cision balance (0.0001 g). The weight of the obtained
banium sulphate, multiplied by 0.4 116, gave the equiv-
alent of sulphate. Percent pyruvate was determined by
hydroly2ing 0.5 g of agar powder in oxalic acid 0.02 M
following the spectrophotometric method based on fac-
uc dehydrogenase by Duckwaorth & Yaphe (1970).

Statistical analysis

The data were tested for normality (Kolmogorov-
Smirnov) using a statistical software package (Stasoft).
Data were subjected to the Bartlett's test for homo-
geneity of group variances and to Pearson’s product
moment correlation test to determine linear relation-
ship between wreatments. Spearman correlation was
used when necessary. Multifactorial analyses of van-
ance were applied to determine the effects of single
treatments and degrees of interaction between differ-
ent treatments on agar characteristics whenever data
groups exhibited homogeneity. The single and com-
bined effects of season and locality on agar properties
for Pterocladia capillacea were determined as well
through multifactarial analysis of variance. MANOVA
comparison of means was done using Tukey's HSD
test. All heterogeneous data groups were transformed
by different methods including arcsin square root of
x, log{x + 1) and In(x + 1) in order to produce th
ehomogeneity required for a multfactorial analysis of
variance. Monthly mean differences for data groups
that retained their heterogeneous character were tested
using non-parametric Kruskal-Wallis one way analyses
of variance.

Results

Prerocladia capillacea grows year round in the two
study areas on the northern rocky shore of Gran
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Figure 1. Epiphylic coverage on samples collected at the exposed
Agaete site (o) and the sheltered Bocabaranco site (o) during the
study period. Bars represents standard deviation.

Canaria. Specimens collected in Agaete were shorter,
forming dense mats while in Bocabarranco were larger
and quantitatively more epiphyted throughout the year.
The mean value for epiphyte coverage was 26.6% of the
fresh weight in Bocabarranco, whereas in Agaete only
13.6% of plant fresh weight was from epiphytes. In
Bocabarranco the increase in epiphyte cover was more
evident from late winter to the beginning of summer
with the maximum value between May-June (46.8%)
while in Agaete the maximum was recorded in Janu-
ary, 31.4% (Figure 1). The most common epiphyte was
the crustose red alga Lithothamnion sp. although dur-
ing the summer maaths Ulva rigida was most evident
coinciding with an increase in water temperature.

Fluctuations in percent dry weight followed a sea-
sonal pattern. In both localities the maximum values
were found in early autumn, September in Agaete and
October in Bocabarranco, and minimum in winter and
spring (Figure 2). The mean value in Agaete (28.6%)
was higher than in Bocabarranco (25.8%).

Sea water temperature ranged between 17.7 and
23.5 °C with maximum values recorded during late
summer and early autumn (Figure 2). There was a
positive correlation between sea water temperature and
dey weight in Agaete (v = 0.36, p < 0.05) and In
Bocabarranco (r = 0.52. p < 0.05). No significant
correlation was found between sea water lemperature
and agar yield at Agaete (r = 0.23) or Bocabarranco
(r =0.29.

Agar content ranged {rom (5% 10 29.5% in Agaete
and from 16.7% to 29.8% in Bocabarranco (Figure 3a).
Agar content was slightly higher 1n Agaete (22.9%)

H e
G o
[} =1
= 90— {10 T
R o
7] D’o\ b a
S N g
% g be o =
2. \ /, © 420
()] AOL \Q -a d
oo
o
-11s
2d-
‘o A e o Il A . i A e . - A [Ilo
A S ONOI[J F MAMUIJ
1994 1992

Figure 2. Dry weight fluctuations (—) in relation to seawater tem-
perature (- ~) in (a) Agaete and (b) Bocabarranco. Bars represents
standard deviation.

than in Bocabarranco (21.4%). Overall, the highest
yields were obtained from plants harvested during late
summer and autumn, with a maximum value in August
for Bacabarranco, whereas in Agaete the highest peak
value was found in December. In both localities, agar
yields declined in late spring and early summer (Fig-
ure 3a). There was a positive correlation between agar
yield values in Agaete and Bocabarranco (r = 0.35,
p < 0.05).

Gel strength ranged from 813 to 1428 g cm ™2 for
Agaete (mean, 1145 gcm™?) and between 912 to 1354
g cm~? (mean, 1170 g cm™?) for Bocabarranco. In
both localities it increased in winter, reaching a max-
imum in December~February (Figure 3b). Minimum
values were found in August at Bocabarranco, and in
November at Agaete. There was a positive correlation
(r =0.53, p < 0.01)in this variable between the sites.

[n both localities, the sulphate content was highest
in March 3.43% in Agaete and 3.1 1% in Bocabarranco
(Figure 3c), and was positively correlated between both
sites (r = 0.59, p < 0.05). There was no correlation
between gel strength and sulphate content in either
site (Table 2). Percent of pvruwvic acid ranved fror
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Tuble 2. Comelation coefficient matrix of various chemical and physical properties of
agar characteristics sampled in this srudy. Correlation coefficients greater than 0.36 are

significant at the 95% level (p < 0.05).

Agaete/Bocabamanco Gelling Meling Gel Sulphate
temperture  temperature  saength content
0 (o] gem=h) (%)

Melting temperature (°C)  0.36/0.55 -

Gel swrength (g cm~2) -0.21/0.26 0.36/0.44 --

-0.13/-0.42 0.18/-0.01 -~
0.34/0.22 0.15/-0.37 ~0.30/0.13

Sulphate conternt (%) -0.24/-0.32
Agar content (%) 0.43/0.29
[ a
’;‘ :or
z
°
2 )
s i
s 20~
(%]
H
-3
< s}
Ot et
te0a}
Ly
£
(%]
o 200
£
o
(<
L 1000}
]
3
uoo}-
800 Fmmm e e+
Cc
2 el
€
o
§
a ash
o
3
a
a ok
1.9 .

ASONDIJFMAMUYI I
1991 1992

Figure 3. Seasonal vanation of the agar characienistics at Agaete (o)
and Bocabarranco (o). a. Agar yield expressed as percent of dry
weight from pure seaweed. b. Gel surength of 1.5% agar solution. c.
Sulphate conent in agar samples. Bars represents standard deviation.

0.14% t0 0.47% in Agaete and from 0.12% to 0.50%
in Bocabarranco.

Mean gelling temperatures were 35.4 and 35.6 °C
for Agaete and Bocabarranco respectively, while melt-
ing temperature was 91.9 and 91.6 °C, respective-
ly (Table 3). There was a positive correlation for
gelling ternperature between Agaete and Bocabarran-
co (r = 0.47, p < 0.01) and for melting temperatures
between both sites (r = 0.69, p < 0.01). Data showed
a positive correlation between gel strength and melting
temperature in Agaete and Bocabarranco (Table 2).

Gel strength data showed monthly significant dif-
ferences when analyzed by the MANQVA test. How-
ever, no significant differences between Agaete and
Bocabarranco were found for this variable. Due to the
heterogeneity of variance data for agar content, dry
weight, gelling and melting temperatures were ana-
lyzed using Kruskal Wallis one way analysis of vari-
ances. This showed monthly significant differences
(p < 0.01), and a significant difference between local-
ities for the dry weight (p < 0.01) (Table 4).

Discussion

Twao main findings were obtained from this study. Agar
characteristics changed seasonally in both Pterocladia
capillacea populations, agar yield decreased in late
spring and gel surength increased in winter. No evi-
dence of influence of wave exposure degree on the
agar characteristics was found, although differences
between localities were found in plant size, dry weight
and epiphyte cover.

The seasonal pattern of agar yield showed a more
erratic fluctuation over the year in the sheltered inter-
tidal population at Bocabarranco. Although few data
exist in the literature for the agar in Prerocladia capil-
lacea comparisons on agar yield values were similar

© Universidad de Las Palmas de Gran Canaria. Biblioteca Digital, 2004



Tuble 3. Gelling and melting temperatures of agar at bath localides.

Month  Agaete Bocabarranco
Gellting T°C  Melting T°C  Gelling T°C  Melting T°C

Aug 36.0+0.5 92.6:1.0 35.7+£06 94.240.3
Sep 36.3+0.2 89.2+1.1 347403 93.740.6
Oct 35.940.6 93.540.5 36.6+0.6 929408
Nov 35.4%0.5 93.9+0.7 36.4+0.4 92.1%0.7
Dec 354202 93.240.8 36.1£0.0 91.8+0.6
Jan 35.6+03 95.5+0.3 36.9£0.8 93.7£0.2
Feb 35.6+0.1 94.6+1.0 36.5£03 94.9£0.1
Mar 34.64£0.1 88.940.0 344203 88.730.5
Apc 35.1£0.3 89.240.0 35.1%0.0 89.8+0.8
May 35.440.5 90.2+£0.0 348403 89.410.3
Jun 353102 91.1£0.6 35.0+00 86904
Jul 34.94£0.1 89.5+04 34.7£07 883403

to those obtained by others (Table 1). Minimum values
were found in early summer coinciding with the low-
est values found by other authocs in the same moaths
(Fredlander & Zelikovitch, 1984; Oliveira & Berchez,
1993; Oliveiraetal., 1995). However, in this study agar
yield evaluations were based on dry seaweed free of
epiphytes that gives more reliable yield values.

Dry to wet weight ratio may reflect many physio-
logical and biochemical processes within the alga, such
as storage of high molecular weight reserves (Craigie,
1990). Although no significant correlation between dry
weight and agar yield were found in both populations,
the highest values of dry weight and agar yield occurs
in the same season. The increase in biomass based on
dry weight changes was related to an increase in sea-
weater temperature. It appears that an increase in dry
weight was stimulated in autumn by conditions of high
temperature and high light intensity (see also Fralick
& Andrade, 1981) for populations at the Azores. The
mean dry weight values for Prerocladia capillacea in
the Canary Islands were higher than those obtained
by Friedlander & Lipkin (1982) in the Mediterranean
(24.8%).

The difference between the two localities in dry
weight values may be related to plant size. The mor-
phological variations observed in Pierocladia capil-
lacea between sheltered and exposed population can
be explained by differences in water movement. Sim-
ilar effects of wave exposure on morphology in P.
capillacea have been observed in Brazil (Oliveira &
Berchez, 1993) and morphological vanations in P
caeruelescens in Hawaii (Santelices, 1978).

Epiphytism also seems to be affected by wave expo-
sure. Lowest epiphytism was found during autumn
associated with higher tides and increased water move-
ment (Figure 1). In Agaete epiphytism showed a more
homogeneous pattern throughout the year most proba-
bly due to higher exposure. In addition, epiphyte cov-
erage may have affected dry weight values. According
to Saatelices (1988) epiphytes are particularly com-
mon oa larger subtidal thalli, reducing the amount of
available light and decreasing the agar yield. In this
regard, Torres et al. (1991) showed a directrelationship
between photosynthetic rates and carbon and nitrogen
content in Gelidium sesquipedale, with a reduction in
the C:N ratio under decreasing irradiance and leading
to a decrease in cell-wall polysaccharides. Perhaps the
small differences in agar yield between the sites in this
study are due to differences in epiphyte cover.

Oliveira et al. (1995) found a higher agar content in
P. capillacea plants inhabiting more turbulent waters in
Brazil. In the present study there was no evidence for
this, although the values of agar yield and gel strength
were stightly higher in the more exposed intertidal pop-
ulation (Agaete). However, itis difficult to compare our
study in Gran Canana with that of Brazil because the
factors involved in seasonal effects are likely to differ
from one location to another.

Ge! suength followed a similar scasonal paitern
in both localities in this 12-month study. Friedlander
& Zelikovitch (1984) showed a different gel strength
pattern in a 7-month study, with a maximum in summer
(950 g cm™?). Our gel strength values are comparable
with those obtained by Lemus et al. (1991), although no
atkali reatment was performed. Thus, the get streners

© Universidad de Las Palmas de Gran Canaria. Biblioteca Digital, 2004



Tuble 4. Kruskall-Wallis ANOVA test for signiﬁcan'cc' differ-
ences between the two localities in agar characteristics and
dry weight

P

Variable n Sumofranks H p
Agar yield

Agacte 32 12060 2494 0.138
Bocabarranco 35 10720

Dry weight

Agaete 2 {2370 7057 <001
Bocabasranco 32 8340

Gelling temperature

Agacte 33 1086.5 0.198  0.655
Bocabaranco 34 H9LS

Melling 1emperature

Agacte 31 1050.5 0.647 042
Bocabarranco 12 9655

values obtained here are higher than previous studies
(Table 1).

There was no correlation between sulphate and gel
strength as stated by Yaphe & Duckworth (1972). Dur-
ing alkali reatment the L-galactose 6-sulfate can be
converted to 3,6-anhydro L-galactose, however the
low concentration of Na:CO; would not hydrolyze
sulphate in this position and would not affect the
chemical composition of native agar. Similar to our
results, Mouradi-Givernaud et al, {1992) could not find
iny correlation between the sulphate content and gel
sreagth in Gelidium latifolium,

Pyruvate content was low when compared to the
other authors (Table 1), however, values should be tak-
en with caution since absolute values for the pyruvate
content of agar can only be quantified with the use of
nuclear magnetic resonance spectroscopy (NMR).

Any correlation between gel strength and melting
temperature can in part be explained by the methoxyl
substitutions at various position in the agar molecule
{(Yaphe & Duckworth, 1972). High values of gelling
and melting temperatures of the agar in Pterocladia
capillacea corresponds with high gel hysteresis, thus
gel strength is the most impactant parameter used ta
determine applications of agar.

[n the genus Prerocladia gel strengths above 700
g cm™? and low sulphate and pyruvate values (below
5% and 0.5% respectively) is critical {or bacteriological
uses (Armisén & Galatas, 1987). Our results show that
agar from Prerocladia capitlacea in Gran Canaria has
commercial value.
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