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Resumen

Se realizo la extraccion y caracterizacion quimica y fisica del carragenano del alga roja Chondracanthus pectinatus (Dawson)
L. Aguilar y R. Aguilar, en muestras de campo colectadas en tres estaciones del afio y tres fases reproductivas. El mayor
rendimiento de carragenano fue en invierno (72%) y el minimo en verano (66%). Las plantas tetraspdricas presentaron los
menores porcentajes de 3,6 anhidrogalactosa (9%) y el maximo correspondio a plantas estériles de primavera (26%); se observo
una relacion inversa en el contenido de sulfatos. El espectro de infrarrojo mostr6 que el carragenano de C. pectinatus en muestras
carposporicas y estériles corresponde al hibrido kappa-iota (k-1) y en tetrasporicas a carragenanos tipo lambda (1).

Palabras clave: Chondracanthus pectinatus, endémica, carragenano, fases, reproduccion, infrarrojo.

Abstract

The extraction as well as the chemical and physical characterization of the carrageenan of the red algae Chondracanthus
pectinatus (Dawson) L. Aguilar and R. Aguilar was performed from field samples collected in three seasons of the year and three
reproductive phases. The highest yield of carrageenan was in winter (72%) while the lowest was in summer (66%). Tetrasporic
plants showed the lower percentages of 3,6 anhydrogalactose (9%), whereas the maximum was obtained from sterile spring
plants (26%). An inverse relationship was observed in the sulfate content. The infrared spectrum showed that the carrageenan of
C. pectinatus belongs to the hybrid kappa-iota (kx-1) in carposporic and sterile samples but to lambda type (A) in tetrasporic ones.
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Introduccion

Los carragenanos son polisacaridos comunes y abundantes
de la pared celular de muchas algas rojas del orden
Gigartinales (Craigie, 1990) y representan un espectro de
estructuras formado por un esqueleto lineal de unidades
alternantes de B-D-galactopiranosa unido glicosidicamente a
través de las posiciones 1 y 3 y uno de o-D-galactopiranosa
unido a través de las posiciones 1 y 4 (Painter, 1983); se
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Introduction

Carrageenans are common and abundant polysaccharides
in the cell wall of many red algae from the order Gigartinales
(Craigie, 1990) and represent a structure spectrum formed by a
linear skeleton of alternate units of $-D-galactopyranose joint
by glucosidic bonds at positions 1 and 3, and the o-D-
galactopyranose that joins by positions 1 and 4 (Painter, 1983).
These are classified into families according to the degree and
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clasifican en familias de acuerdo al grado y forma de
sulfatacion de las unidades de galactosa: la familia kappa,
donde el residuo B-D-galactopiranosa esta sulfatado en el C,,
compuesta por carragenanos kappa (), iota (1), mu (w) y nu
(v); la familia lambda donde los residuos B-D-galactopiranosa
estan sulfatados en el C,, compuesta por carragenanos lambda
(), xi (&), theta (0) y pi (r); y la familia beta cuya caracteristica
es que los residuos de la B-D-galactopiranosa no se encuentran
sulfatados, compuesta por los carragenanos beta () y gamma
(y), destacando en esta familia la presencia de carragenano
omega (0) y psi (y), donde la B-D-galactopiranosa siempre se
encuentra sulfatada en el C¢ (Percival, 1978; McCandless y
Craigie, 1979; Greer y Yaphe, 1984 a, b; Mollion et al., 1986).

La naturaleza hibrida en los carragenanos se ha demostrado
ampliamente (Bellion, 1979; Bellion et al, 1981; Greer y
Yaphe, 1984a, b; Correa-Diaz et al., 1990), por lo que es posi-
ble que en Gigartinales en la naturaleza, no existan
carragenanos formados por un solo tipo de disacarido repeti-
tivo (Craigie, 1990). Respecto a las diferentes fases reproduc-
toras en las Gigartinales, las plantas gametofitas haploides
pueden contener predominantemente k-carragenano y las
tetrasporofitas diploides A-carragenano (McCandless et al.,
1973, 1983). La hipotesis es que el tipo de carragenano de
Chondracanthus pectinatus (Dawson) L. Aguilar y R. Aguilar
puede coincidir con el patron general expuesto por
McCandless et al. (1983) para Gigartinales: en la fase tetraspo-
rofita (2n) un A-carragenano, mientras que en la gametofita (n)
un hibrido k/1-carragenano.

En Gigartinales se reportan variaciones respecto al rendi-
miento y calidad del carragenano, en diferentes localidades y
épocas del afio (Doty y Santos, 1978; Dawes et al., 1977a).
Pickmere et al. (1973) encontraron pequeiias fluctuaciones en
el rendimiento entre plantas femeninas, masculinas y tetraspo-
ricas con niveles que van de 50 a 60%. Fuller y Mathieson
(1972) reportan en Chondrus crispus Stackhouse maximos en
verano (76%) y minimos en invierno (62%); en Mastocarpus
papillatus (C. Agardh) Kiitzing, del Pacifico, present6 un
maximo en verano (68%) y un minimo en invierno (58%)
(Zizumbo-Alamilla, 1999) y en Eucheuma uncinatum
(Dawson) del Golfo de California, el maximo fue en verano-
otono (42%) y el minimo en invierno-primavera (32%)
(Zertuche-Gonzalez, 1988). Considerando que C. pectinatus es
una alga endémica de la costa NW del Golfo de California,
donde las condiciones oceanograficas son muy diferentes entre
verano e invierno, e.g. temperaturas de 31°C vs 14°C; y nitratos
de 13uM vs 4 uM, respectivamente (Alvarez-Borrego et al.,
1978; Pacheco-Ruiz et al., 1992), la segunda hipdtesis de este
trabajo es que en C. pectinatus se puede presentar una amplia
variacion en el rendimiento de carragenano entre verano vs
invierno.

A pesar del amplio conocimiento que se tiene hoy sobre las
caracteristicas quimicas y fisicas de los carragenanos, inclu-
yendo el tipo presente por especie y fase reproductiva en
Gigartinales, poco se conoce de C. pectinatus, hecho atribuible
a que ésta es endémica del Golfo de California (Pacheco-Ruiz
y Zertuche-Gonzalez, 1999).
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way of sulfation of galactose units. The kappa family is formed
by kappa (), iota (1), mu (u) and nu (v) carrageenans, where
the residue PB-D-galactopyranose is sulfated in the C,. The
lambda (1) family is formed by carrageenans lambda (A), xi
(&), theta (0) and pi (), where the B-D-galactopyranose resi-
dues are sulfated in the C,. The beta family is formed by beta
(B) and gamma (y) carrageenans and its characteristic is that f3-
D-galactopyranose residues are not sulfated, outstanding the
presence of the omega () and psi (y) carrageenans, where the
B-D-galactopyranose is always sulfated in the Cq4 (Percival,
1978; McCandless and Craigie, 1979; Greer and Yaphe, 1984a,
b; Mollion et al., 1986).

The hybrid nature of carrageenans has been widely demon-
strated (Bellion, 1979; Bellion et al., 1981; Greer and Yaphe,
1984a, b; Correa-Diaz et al., 1990), therefore Gigartinales car-
rageenans formed by only one kind of repetitive disaccharide
might not exist in nature (Craigie, 1990). About the different
reproductive phases in Gigartinales, haploid gametophyte
plants may have «-carrageenan mainly, while diploid
tetrasporophytes may have A-carrageenan (McCandless et al.,
1983). Our hypothesis is that the kind of carrageenan in
Chondracanthus pectinatus (Dawson) L. Aguilar and R.
Aguilar may coincide with the general pattern suggested by
McCandless et al. (1973) for Gigartinales: a A-carrageenan in
the tetrasporophyte (2n) phase and a hybrid «/t-carrageenan in
the gametophyte one.

In Gigartinales, variations in respect of the yield and qual-
ity of the carrageenan are reported for different localities and
seasons of the year (Doty and Santos, 1978; Dawes et al.,
1977). Pickmere et al. (1973) found small fluctuations in the
yield among female, male and tetrasporic plants with levels
from 50 to 60%. Fuller and Mathieson (1972), reported maxi-
mum levels (76%) in summer and minimum in winter (62%)
for Chondrus crispus Stackhouse, while for Mastocarpus
papillatus (C. Agardh) Kiitzing from the Pacific, Zizumbo-
Alamilla (1999) reported maximum values during summer
(68%) and minimum for winter (58%); finally, in Euchema
uncinatum (Dawson) from the Gulf of California, maximum
values have been reported for summer-autumn (42%) and min-
imum for winter-spring (32%) (Zertuche-Gonzalez, 1988).
Given that C. Pectinatus is an endemic alga in the NW coast of
the Gulf of California, where oceanographic conditions are too
different between summer and winter, i. e. temperatures of
31°C vs 14°C and nitrates of 13 vs 4 uM, respectively (Alvarez-
Borrego et al., 1976; Pacheco-Ruiz et al., 1992), our second
hypothesis is that a wide variation in the carrageenan yield of
C. pectinatus will be found between summer and winter.

Despite the wide knowledge currently available about the
chemical and physical characteristics of carrageenans, even the
kind present by species and reproduction phase in Gigartinales,
little is known on C. pectinatus, which might be due to the fact
that it is an endemic species for the Gulf of California
(Pacheco-Ruiz and Zertuche-Gonzalez, 1999).

Thus the aim of this research is to provide information
about the seasonal changes in the quantity and quality of the
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El objetivo de esta investigacion es proporcionar
informacion sobre los cambios estacionales en la cantidad y
calidad del carragenano nativo en las diferentes fases reproduc-
tivas de C. pectinatus, mediante espectroscopia de infrarrojo, e
identificar el tipo de carragenano.

Materiales y métodos

Se recolectaron apices de plantas de C. pectinatus sin dis-
tinguir fase sexual, entre los dos y los seis metros de profundi-
dad con buceo auténomo en primavera, verano e invierno; en
otofio no se localizd material in situ ya que la planta es anual
(Pacheco-Ruiz y Zertuche-Gonzalez, 1999). El material se
recolectd en un manto situado en La Silica en Bahia de los
Angeles, Golfo de California, México (Pacheco-Ruiz et al.,
1992). El material se sec6 al sol y se transporto al laboratorio
donde se guardd para su analisis posterior. También en prima-
vera se colectd, al azar e in situ, planta tetrasporica, femenina
(carposporica) y estéril. No se localizo planta masculina.

Para la extraccion de carragenano se utilizd el método
modificado de Craigie y Leigh (1978). Tres gramos de alga
seca y molida se lavaron con acetona, etanol y éter etilico, para
extraer pigmentos y sales. Un gramo del alga despigmentada se
suspendi6 en 500 ml de NaHCO; (0.5M) y se extrajo el carra-
genano al calentarlo de 85 a 90°C por dos horas con agitacion
continua. El carragenano extraido se filtro al vacio a través de
tierra de diatomeas y se precipitd con una solucion acuosa de
cloruro de cetilpiridina al 2%, posteriormente se purifico con
agua destilada y con una solucion de alcohol (al 95%) saturada
de acetato de sodio, luego con un lavado de etanol al 70% y al
final con uno de etanol concentrado. Posteriormente se seco en
una estufa de vacio a 60°C hasta obtener peso constante.

La 3,6-anhidrogalactosa se determin6 mediante el método
de Yaphe y Arsenault (1965), con las modificaciones descritas
por Craigie y Leigh (1978) empleando fructuosa como estan-
dar y 1.087 como factor de correccion.

El contenido de sulfatos se obtuvo mediante una modifica-
cion del método turbidimétrico con BaCl, de Tabatabai
(Craigie et al., 1984), con sulfato de potasio como estandar. El
grado de sulfatacion (GS) se calcul6 a partir de la razon entre el
numero de moles de sulfato por moles de unidad disacarida con
la siguiente formula (Peats, 1981):

%S0,/ 96.06
GS =
(100 - %S0,)/ 289

Los carbohidratos totales se determinaron por el método de
Dubois et al. (1956), con la prueba del fenol acido sulfurico,
utilizando galactosa como estandar.

Para el andlisis de infrarrojo se prepararon peliculas
empleando una solucién de carragenano al 2%. De ésta se
tomaron 2 ml y se depositaron en un recipiente de poliestireno,
y se evapord la solucion a 60°C por 12 horas. Con las peliculas
obtenidas se corrieron espectros de infrarrojo en un
espectrofotdmetro Perkin Elmer 1330.
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native carrageenan in the different reproductive phases of C.
pectinatus, besides performing the identification of the kind of
carrageenan by means of infrared spectroscopy.

Materials and methods

Plants of C. pectinatus where collected between two and
six meters depth by scuba diving during spring, summer and
winter; there was not any plant material in situ during autumn
since this is an annual plant (Pacheco-Ruiz and Zertuche-
Gonzalez, 1999). The material was collected from a bed
located at La Silica in Bahia de los Angeles, Gulf of California,
Mexico (Pacheco-Ruiz et al., 1992). Collects were at random
by cutting the edges of the plants without distinguishing the
sexual phase. The material was dried to direct sunlight and
transported to the laboratory where it was kept until analysis.
In spring, tetrasporic, feminine (carposporic) and sterile plants
were collected at random. Not any masculine plant was
located.

For the extraction of carrageenan, the modified method by
Craigie and Leigh (1978) was used, where three grams of dried
and grounded alga were washed with acetone, ethanol and
ethylic ether to extract pigments and salts. A gram of the
depigmented alga was suspended in 500 ml of NaHCO; (0.5M)
and the carrageenan was extracted by heating from 85 to 90°C
for two hours with continuous stirring. The extracted carrag-
eenan was vacuum filtered through diatomaceous earth, precip-
itated with an aqueous solution of 2% cetylpyridine chloride,
and then it was purified with distilled water and a sodium-ace-
tate-saturated solution of alcohol (95%). Once purified, it was
dried in a vacuum stove at 60°C until constant weight.

The 3,6-anhydrogalactose was determined by the Yaphe
and Arsenault method (1965), as well as the modifications
described by Craigie and Leigh (1978) using fructose as stan-
dard and 1.087 as the correction factor.

Sulfate content was obtained by a modification to the turbi-
dimetric method with BaCl, from Tatabai (Craigie et al., 1984)
using potassium sulfate as standard. The sulfation degree (GS)
was calculated by the rate between the number of moles of sul-
fate per disaccharide unit moles with the following formula
(Peats, 1981):

%S0,/ 96.06
(100 - %S0,)/ 289

GS

Total carbohydrates were calculated by the Dubois et al.
(1956) method with the Phenol-Sulfuric acid test, using galac-
tose as standard.

For the infrared analysis, films were made using a 2% car-
rageenan solution. From this, 2 ml were taken and placed in a
polystyrene censer. Afterwards, the solution was evaporated at
60°C for 12 hours. With the films obtained, infrared spectra
were run in a Perkin Elmer 1330 spectrophotometer.

Results were tested with the Kruskal-Wallis non-parametric
variance analysis. Then the non-parametric Wilcoxon-Mann-
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Los resultados se probaron con analisis de varianza no
paramétrico Kruskal-Wallis. Posteriormente se les aplico la
prueba de comparacion multiple no paramétrica de Wilcoxon-
Mann-Whitney (Zar, 1984).

Resultados

El rendimiento de carragenano de las muestras estacionales
fluctud entre el 66 y 72%. Las diferentes fases reproductivas
tuvieron un rendimiento de 68 a 70% (tabla 1). No sé encontrd
diferencia significativa entre muestras estacionales; tampoco
se encontr6 diferencia entre fases reproductivas (tabla 2).

El contenido méaximo de 3,6-anhidrogalactosa se detect6 en
primavera (26%) y el minimo en verano (23%), no se encontra-
ron diferencias significativas entre estaciones. No se detectaron
diferencias significativas en el contenido de 3,6-anhidrogalac-
tosa entre plantas femeninas vs estériles (25 vs 26%), pero se
determind una diferencia significativa respecto a las plantas
tetrasporicas (9%) (tablas 1 y 2).

Se encontraron diferencias significativas en el contenido de
sulfato para las estaciones de primavera (17%) y verano (22%).
Las plantas tetraspdricas con el 25% fueron significativamente
diferentes de las femeninas y estériles con el 21%. El grado de
sulfatacion (GS) fue maximo en muestras tetrasporicas de 0.99
y en el resto de las muestras fluctud de 0.60 a 0.86 (tablas 1 y
2).

Las muestras estacionales de carbohidratos totales no fue-
ron significativamente diferentes. Los valores obtenidos fueron
77% en invierno, 76% en primavera y 72% en verano. Las
fases reproductivas no fueron significativamente distintas en el
contenido de carbohidratos totales, las plantas femeninas
(carposporicas) y estériles presentaron 70% y las tetrasporicas
68% (tablas 1y 2).

Los espectros de infrarrojo en carragenanos de muestras
estacionales femeninas (carposporicas) y estériles, mostraron
seflales caracteristicas de un «/t-carragenano, con bandas
fuertes a 845 cm™! (B-D-galactosa-4-SO,) y a 930 cm-1 (3,6-

Whitney test of multiple comparisons was applied (Zar, 1984).
Results

The yield of carrageenan from seasonal samples fluctuated
between 66 and 72%. Different reproductive phases had a yield
of 68 to 70% (table 1). There were not any significant differ-
ences among seasonal samples neither among reproductive
phases (table 2).

The maximum content of 3,6-anhydrogalactose belonged
to spring (26%) while the minimum was for summer (23%)
and no significant differences were found among seasons.
There were no significant differences in the content of 3,6-
anhydrogalactose between feminine vs sterile plants (25 vs
26%), but there were in respect of tetrasporic ones (9%) (tables
1 and 2).

Significant differences were found in the sulfate content for
spring (17%) and summer (22%). Tetrasporic plants were sig-
nificantly different from feminine and sterile plants (25 and
21%, respectively). The sulfation degree (GS) was maximum
in tetrasporic plants (0.99) and in the rest of the samples it fluc-
tuated between 0.60 and 0.86 (tables 1 and 2).

Total carbohydrates from seasonal samples were not signif-
icantly different. The values obtained were 77% in winter, 76%
in spring and 72% in summer. Reproductive phases were not
significantly different in the content of total carbohydrates,
showing the feminine (carposporics) and sterile plants a 70%
whereas tetrasporic showed 68% (tables 1 and 2).

Infrared spectra in carrageenans from seasonal feminine
(carposporic) and sterile plant samples, showed signals ofa
K/1-carrageenan, with strong bands at 845 cm™! (8-D-galactose-
4-S0,) and at 930 cm™ (3,6-anhydro-o-D-galactose). More-
over, weak signals appeared at 805 cm™ (o-3,6-anhydro-D-
galactose-2-sulfate) and 970 cm™'. The tetrasporic phase
showed signals of a A-carrageenan with a broad band between
820 and 830 cm™ (a-D-galactose-6-sulfate and D-galactose-2-
sulfate) besides a weak signal at 930 cm™' (3,6-anhydro-o-D-

Tabla 1. Rendimiento y analisis sobre la composicion quimica del carragenano de C. pectinatus, basado en el peso seco del alga.
Muestras de primavera (P), verano (V) e invierno (l); fases reproductivas tetrasporofita (T), femeninas(F) y estéril (E). AG =
anhidrogalactosa, GS = grado de sulfatacion del carragenano, n = 3, + = error estandar.

Table 1. Yield and chemical composition analysis of the C. pectinatus carrageenan, based on the dry weight of the alga. Spring (P),
summer (V) and winter (1) samples; reproductive phases, tetrasporophyte (T), feminine (F) and sterile (E). AG = anhydrogalactose; GS =

sulfonation degree, n = 3, + = standard error.

Muestra Rendimiento 3,6-AG Sulfatos GS Carbohidratos
(%) (%) (%) (%)
P 68 £ 1.36 26 +£0.40 17+£0.38 0.60 76 + 3.60
A% 66+ 1.90 23+£0.50 22+0.92 0.86 72+1.53
I 72 +£1.60 25+0.09 20+ 1.18 0.77 77+0.97
T 68 £0.59 9+0.22 25+0.24 0.99 68 +1.26
F 70 +£0.25 25+0.44 21+0.14 0.79 70 +£0.25
E 70+£0.72 26+ 0.63 21+0.63 0.81 70+0.33
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Tabla 2. Analisis de varianza (ANOVA) no paramétrico de Kruskal-Wallis y comparacién de medias no paramétrico de Tukey para
el rendimiento de carragenano y los componentes quimicos, 3,6-anhidrogalactosa (3,6-AG), sulfatos y carbohidratos, de C.
pectinatus. Muestras de primavera (P), verano (V) e invierno (1); fases reproductivas tetrasporofita (T), femenina (F) y estéril (E).

NS = no significativo, * = 0.05.

Table 2. Krukal-Wallis non-parametric analysis of variance (ANOVA) and non-parametric Tukey’s comparison of means for the
carrageenan yield and the chemical compounds, 3,6-anhydrogalactose (3,6-AG), sulphates and carbohydrates, of C. pectinatus.
Spring (P), summer (V) and winter (I) samples; reproductive phases, tetrasporophyte (T), feminine (F) and sterile (E). NS = non-

significant, * = 0.05

vabe calcilada crilt:ica ANOVA nglglfggs "

Muestras estacionales

Rendimiento 6.9 9.55 NS

3,6-AG 9.2 9.55 NS

Sulfatos 9.7 9.55 * P<v

Carbohidratos 1.3 9.55 NS

Muestras de fases reproductivas

Rendimiento 0.5 3.68 NS

3,6-AG 506.7 3.68 * T<F=E

Sulfatos 54.3 3.68 * E=F<T

Carbohidratos 1.7 3.68 NS
anhidro-o-D-galactosa). Ademas, se presentaron sefiales galactose) (fig. 1).

débiles a los 805 cm™! (a-3,6-anhidro-D-galactosa-2-sulfato) y
970 cm™. La fase tetrasporica presentd sefales de un tipo
A-carragenano con una banda ancha entre 820 y 830 cm™! (a-D-
galactosa-6-sulfato y D-galactosa-2-sulfato) ademés de una
sefial débil a 930 cm™! (3,6-anhidro-a-D-galactosa) (fig. 1).

Discusion

El tipo de carragenano localizado en C. pectinatus coinci-
dié con el patron general expuesto por McCandless et al.
(1983) para Gigartinales. La naturaleza hibrida localizada en
los carragenanos de C. pectinatus (diferentes tipos de carrage-
nano entre las fases gametofita y tetraesporofita) coincidid
ampliamente con otras Gigartinales (Bellion, 1979, Bellion et
al., 1981; Greer y Yaphe, 1984 a, b; Correa-Diaz ef al., 1990),
por lo cual el alga roja C. pectinatus se ubica correctamente en
las Gigartinales. En la fase gametofita (n) se detectd el hibrido
K/t-carragenano. La fase tetrasporofita mostré un tipo de gel
diferente. McCandless et al. (1983) sefialan la frecuente difi-
cultad para discernir entre los carragenanos de esta familia. Los
resultados del espectro de infrarojo para tetraesporofitos es
mas similar a la de un carragenano de la familia lambda. En la
muestra tetraesporofita, se observa la presencia de 3,6-AG en
pequeiias cantidades, lo cual indica un grado de hibridacion
dentro de esta familia. El carragenano de las plantas tetraspori-
cas mostrd una composicion cercana a la de la fraccion insolu-
ble en KCl del A-carragenano obtenido de tetrasporofitos de C.
crispus (Mc Candless ef al., 1973) . McCandless et al. (1973)
reportan que tetrasporofitos de Gigartina contienen mas
anhidro-galactosa que el carragenano de Chondrus, Iridaea y
Rhodoglossum.
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Discussion

The kind of carrageenan found in C. pectinatus coincided
with the general pattern described by McCandless et al. (1983)
for Gigartinales. The hybrid nature found in the carrageenans
of C. pectinatus (different kinds of carrageenans between the
gametophyte and tetrasporophyte phases) coincided widely
with other Gigartinales (Bellion, 1979; Bellion ef al., 1981;
Greer and Yaphe, 1984 a, b; Correa-Diaz et al., 1990); there-
fore the red alga C. pectinatus is correctly placed within Gigar-
tinales. In the gamtophyte phase (n) the k/1-carrageenan hybrid
was detected. The tetrasporophyte phase showed a different
kind of gel. McCandless et al. (1983) point out how diffcilt it is
to differenciate within the carrageenans of this family. The
infrared spectrum results for tetrasporophytes is much closer to
that of a carrageenan of the lambda family. In the tetrasporo-
phyte sample, the presence of the 3,6-AG is observed in small
amounts, which indicates an hybridation degree within this
family. The carrageenan in tetrasporic plants showed a compo-
sition close to the KCl-insoluble fraction of A-carrageenan
obtained from C. crispus tetrasporophytes (McCandless et al.,
1973). McCandless et al. (1973) report that Gigartina tetraspo-
rophytes have more anhydrogalactose than the carrageenan of
Chondrus, Iridaea and Rhodoglossum.

Spectra of samples extracted by means af alkaline treat-
ment are needed to differenciate the different structures present
in the tetrasporophyte phase and their hybridation degree.

The hypothesis of the carrageenan yield was rejected since
there was not any significant difference between summer and
winter, despite the fact that in most of the carrageenophytes



Ciencias Marinas, Vol. 28, No. 3, 2002

Es necesario contar con espectros de muestras extraidas
mediante tratamiento alcalino para diferenciar las diferentes
estructuras presentes de la fase tetraesporofita y su grado de
hibridacion.

La hipétesis del rendimiento de carragenano se rechazé ya
que no se encontr6 diferencia significativa entre verano e
invierno, a pesar de que en la mayoria de las carragenofitas se
observa una variacion estacional en el rendimiento atribuida a
cambios en las condiciones ambientales (Fogg 1964; Neish y
Shacklocck, 1971; Dawes et al., 1977a; Zertuche-Gonzalez,
1988). Tal variacion no se detectd a pesar de que en la costa
NW del Golfo de California los parametros fisico-quimicos
cambian drasticamente, con diferencias de 17°C en tempera-
tura y 10 pM en nitratos entre verano e invierno (Robinson,
1973; Alvarez-Borrego et al., 1978; Bray y Robles, 1989;
Pacheco-Ruiz et al, 1992). En tres Gigartinas de Nueva
Zelanda se reportan comportamientos similares a los de C.
pectinatus en un periodo anual de muestreo de carragenanos
(Pickmere et al., 1975).

A pesar de que C. pectinatus se caracteriza por presentar un
crecimiento rapido y alta productividad en primavera
(Pacheco-Ruiz et al., 1992), en este trabajo no se observd un
decremento en el rendimiento del carragenano. Este comporta-
miento es diferente al observado en otras carragenofitas, ya que
cuando existe rapido crecimiento en una macroalga se espera
una baja en el rendimiento atribuible a que en un medio rico en
nutrientes, el carbon producido en la fotosintesis y que entra al
ciclo de Krebs, es destinado principalmente a la sintesis de
compuestos precursores de aminoacidos y en menor medida a
la biosintesis de carbohidratos (Raven, 1974; Neish et al.,
1977; DeBoer, 1979).

No se detectaron diferencias significativas en el rendi-
miento entre fases reproductivas (68 a 70%) de C. pectinatus,
quizas atribuible a que las muestras se recolectaron en la
misma estacion del afio. Un patrén similar se reporta en
Gigartina sp. (McCandless et al., 1973; 1983; Pickmere et al.,
1975) y E. uncinatum (Dawes et al., 1977b; Zertuche-Gonza-
lez, 1988). Ademas C. pectinatus presenté mayor rendimiento
con menor fluctuacion estacional (66 a 72%) a la reportada en
C. crispus (30 a 70%) (Fuller y Mathieson, 1972).

Los valores de 3,6-anhidrogalactosa y grupos hemiester
sulfato encontrados en plantas femeninas y estériles de C.
pectinatus fueron cercanos a valores reportados para la
fraccion insoluble en KCl de especies productoras de un
carragenano hibrido del tipo kappa/iota como C. crispus,
Mazzaella leptorinchos (J. Ag.) y Mazzaella ornithorhynchos
(Mc.Candless et al., 1983), asi como de Fucheuma
odontophorum Bergesen (Santos, 1989).
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Figura 1. Espectro de infrarrojo del carragenano de Chondracanthus
pectinatus de las muestras estacionales de primavera (P), verano (V),
invierno (I) y fases reproductivas: estéril (E), femenino —carposporofitos—
(F) y tetrasporofitos (T).

Figure 1. Infrared spectrum of the Chondracanthus pectinatus carrageenan
from the spring (P), summer (V) and winter (I) seasonal samples and
reproductive phases: sterile (E), feminine —carposporophytes— (F) and
tetrasporophytes (T).

there is a seasonal variation in the yield that is attributed to
changes in the environmental conditions (Fogg, 1964; Neish
and Shacklock, 1971; Dawes et al., 1977a; Zertuche-Gonzalez,
1988). Such variation was not detected even though in the NW
coast of the Gulf of California the physical-chemical parame-
ters change drastically, with differences of 17°C in temperature
and 10 uM of nitrates between summer and winter (Robinson,
1973; Alvarez-Borrego et al., 1978; Bray and Robles, 1989;
Pacheco-Ruiz et al., 1992). Similar behaviors to that of C.
pectinatus are reported in three Gigartinales from New Zealand
in an annual sampling period of carrageenans (Pickmere ef al.,
1975).

Despite the fact that C. pectinatus characterizes by having a
fast grow and a high productivity in spring (Pacheco-Ruiz et
al., 1992), in this study there was not any decrease observed in
the yield of carrageenan. Such a behavior is anomalous when
compared to other carrageenophytes since when there is a fast
growth in a macroalga, a drop in the yield is expected, which is
attributable to the fact that in a nutrient-rich environment, the
carbon produced by photosynthesis entering into the Krebs
cycle is used mainly for the synthesis of compounds that
promote aminoacids and in a lesser extent, for the biosynthesis
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of carbohydrates (Raven, 1974; Neish et al., 1977; DeBoer,
1979).

No significant differences were detected in the yield among
reproductive phases (68 to 70%) of C. pectinatus which might
be attributable to the samples being collected in the same sea-
son. A similar pattern is reported in Gigartina sp. (McCandless
et al., 1973; 1983; Pickmere et al., 1975) and E. uncinatum
(Dawes et al., 1977b; Zertuche-Gonzalez, 1988). Moreover, C.
pectinatus showed a higher yield with less seasonal fluctua-
tions (66 to 72%) when compared to that reported in C. crispus
(30 to 70%) (Fuller and Mathieson, 1972).

Values of 3,6-anhydrogalactose and hemi-esther sulfate
groups found in feminine and sterile plants of C. pectinatus
were close to the values reported for the KCl-insoluble fraction
of species that produce a hybrid carrageenan of the kind kappa/
iota as C. crispus, Mazzaella leptorinchos (J. Ag.) and
Mazzaella ornithorhynchos (McCandless ef al., 1983) as well
as in Eucheuma odontophorum Borgesen (Santos, 1989).
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