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Abstract

Seasonal biomass variation, agar yield and some agar properties of Pterocladia
capillacea and Hypnea musciformis were examined during the period from July 2003 to
June 2004. The maximum biomass values of both studied algae were recorded during
winter and the minimum values were obtained during spring and summer. Agar yield of P.
capillacea varied from a minimum of 26.6% (dry weight) in August, to a maximum value
of 35.6% in October, while that of H. musciformis varied from a minimum of 15.3% at
June, to a maximum of 24% at December. The maximum agar gel strengths were recorded
at July (being 225 and 158 gcm™ of P. capillacea and H. musciformis, respectively).
Gelling and melting temperatures showed significant seasonal variation for both studied
algal species. Agar yield and quality of P. capillacea and H. musciformis were within the
range of accepted commercial values. Yield and gel properties of agar extracted from H.
musciformis were comparable with those obtained from P. capillacea. Results also
indicated that H. musciformis can be considered as a good candidate for commercial agar
use.
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Introduction

Most of agar production in the world is derived from the red seaweed
genera Gracilaria (53%) and Gelidium (44%). Only a small quantity (3%) is
produced from other agarophytes like Gelidiella and Pterocladia (McHugh, 1991,
Marinho-Soriano; Bourret, 2003). It has a wide variety of use as human and
animal food in addition of numerous industrial, biological and medical
applications for its excellent thickening and gelling properties (Armisén, 1995;
Mtolera and Buriyo, 2004; Meena et al., 2006; Pereira-Pacheco et al., 2007).
Biochemistry of agar is known to change in response to several factors. Thus,
agar yield and quality not only depend on its specific characteristics, but are
closely related to species and time of collection (Marinho-Soriano et al., 1999).
Although the quality of agar is usually judged in terms of its technical
performance as a gelling agent (gel strength), other parameters are also important
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to determine its use in food industry, such as gelling and melting temperatures
(Pereira-Pacheco et al., 2007).

The poor quality of agar obtained from species of Gracilaria make them
useful in other applications such as low fat and soft-texture products. Thus,
researchers concentrated their work on the extraction of agar from other red
seaweeds (Armisén, 1995; Pereira-Pacheco et al., 2007). Pterocladia is one of the
most genera that comprise the greatest number of the rhodophytes distributed
along the seashore of Alexandria (Egypt) (Nasr et al., 1966; Rao and Bekheet,
1976). It has been observed that the quality of agar extracted from Pterocladia,
collected from Alexandria is higher than a lot of other known agarophyte species
at different countries (Rao and Bekheet, 1976). Although there are many studies
on taxonomy and distribution of other species of red seaweeds grown along the
seashore of Alexandria but a little is known on their agar content and gel
properties. Hypnea musciformis is one of the red algae inhabiting most shallow
seashores of Alexandria all over the year (Nasr et al., 1966).

This study investigates the effect of seasonal variation on agar yield and
quality of the native agarophyte Pterocladia capillacea as well as Hypnea
musciformis as a promising agar source.

Materials and Methods
Study site

Abu-Qir Bay is a semi-enclosed basin located about 36 km East of
Alexandria (Fig. 1). It lies between 30°05'- 30°22' E and 31°16'- 31°21' N. This
western inshore area of the bay is a shallow region (with average depth of 3.8 m),
interrupted with several rocky islets.
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Figure (1): Sampling site in the Southwestern part of Abu-Qir Bay, Alexandria,
Egypt.
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Sampling and biomass estimation

Healthy individuals of Pterocladia capillacea (Gmelin) Bornet and
Thuret and Hypnea musciformis (Wulfen) Lamouroux were collected monthly
from July 2003 to June 2004 (in triplicates) using a square metallic frame (0.25
m?). Algal samples were brought to the laboratory in dark plastic bags, where they
were identified, washed with tap water to remove epiphytes and impurities,
weighed and then oven dried at 60°C till a constant weight, prior to agar
extraction.

Agar extraction and quality determination

The native agar extraction was performed according to the method
described by Marinho-Soriano et al. (1999). Each dried sample was ground and
well mixed before use. Extraction of agar was carried out by boiling a sub-sample
(10g) of the dried algae in 600 mL distilled water, adjusted to pH 6.5 in an
Erlenmeyer flask and heated for 1 h at 110°C in an autoclave, after which the
extract was filtered through a cotton tissue. The residue was re-extracted under
the same conditions. The filtrate was allowed to gel at the room temperature and
then placed in a freezer overnight. The frozen gel was thawed, washed with
distilled water to remove impurities and dried for 24 h at 60°C. All extractions
were carried out using triplicate samples. The agar yield (%) was calculated as the
percentage of the dry matter.

Gel strength (g cm™) was performed on aliquots of 4mL of 1.5% w/v agar
solution in 0.1 M KCL in plastic vials (Hurtado-Ponce and Umezaki, 1988), using
a cylindrical plunger 10 mm in diameter, by increasing the weight load on the gel
surface until the point of gel breakage.

The gelling and melting temperatures were measured according to the
method described by Craigie and Leigh (1978) and Murano et al. (1992). For
gelling temperature measurement, 10 mL agar solution was allowed to cool
gradually and a thermometer was emerged in the solution. The temperature at
which the thermometer was fixed to the gel was noted. Melting temperature was
determined with glass beads suspended on the gel. The gels were heated stepwise
till the glass beads sank into the gel.

Statistical analyses

Data were analyzed statistically using one-way analysis of variance
(ANOVA, P<0.05) using a computer statistical analysis software program
(COSTAT 2.0).

Results

Maximum biomass values of P. capillaceae were recorded during
December, January and February while the minimum values were recorded during
April, May, June, July and August (Fig. 2). The major peak was observed in
December (486 gm™), while the lowest value was recorded in June (156 gm).
Biomass production of P. capillaceae was significantly decreased from January to
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Figure (2): Variation in biomass (gm™) of Pterocladia capillacea and Hypnea
musciformis. Vertical bars represent the standard deviation, different letters for each
species means significantly different at p < 0.05

June, and then gradually increased till December (Fig. 2). A significant
fluctuation on the biomass of H. musciformois, (with minimum values of 89 and
84 gm®) was observed in May and August, respectively. However, the maximum
value (355 gm™) was observed in November (Fig. 2). Results showed that the
biomass of the studied species varied significantly along the study period, p <
0.05 (Fig. 2 and Table 1).

Table (1): One way ANOVA calculated to test monthly variations in biomass and
agar yield and properties for Pterocladia capillacea and Hypnea musciformis along
the sampling period.

Pterocladia capillacea Hypnea musciformis
Source of variation LSDy5 P LSDy5 p
Biomass 8.224838065 el 8.320478931 il
Agar Yield 1.666471373 el 2.090317041 il
Gel strength 3.66533051 el 5.620569977 il
Gelling temperature ~ 2.232175763 il 3.043196585 ekl
Melting temperature  0.839149476 ekl 3.680678509 ol

***: Means highly significant at P < 0.05.
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Agar yield of P. capillacea and H. musciformis showed a well-defined
variation along the study period. The agar yield of P. capillacea varied from the
minimum value of 26.6 % in August, to the maximum value of 35.6% in October.
While the values of H. musciformis were always lower than P. capillacea since
they ranged from a minimum of 15.3% at June to a maximum of 24% at
December (Fig. 3). Variation in agar yield of both studied seaweeds was
statistically significant along the study period as shown by ANOVA test (Tablel).
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Figure (3): Variation in agar yield (%) of Pterocladia capillacea and Hypnea
musciformis. Vertical bars represent the standard deviation, different letters for each
species means significantly different at p < 0.05.

Statistical analysis for gel strength of the considered algae showed
significant differences along the study period. The maximum strength values of P.
capillacea and H. musciformis (225gcm™ and 158gcm™ respectively) were
recorded at July (Fig. 4A). The gelling and melting temperatures varied
significantly among the seasons in both algal samples. Agar extracted from P.
capillacea had a maximum gelling and melting temperatures (62.9 and 90.7°C) at
July and February, respectively. For H. musciformis, the maximum gelling and
melting temperatures (62 and 97°C) were recorded at February and July,
correspondingly. Although the variation was significant along the study period
but there was no a regular trend, where several gelling and melting temperature
peaks were observed for both studied species at different months.
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Figure 4: Variations in (A) Gel Strength (gcm™), (B) Gelling Temperature °C and (C)
Melting Temperature °C of agar from Pterocladia capillacea and Hypnea
musciformis. Vertical bars represent the standard deviation, different letters for each
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Discussion

The algal biomass in this study showed a different seasonal variation. P.
capillacea showed their minimum biomass values from May to August and
maximum values from December to January. The peak (486 gm™) recorded in
December, coincides with high rainfall season (December, January, February)
which was in contrast with the results of Luhan (1996), who working on a
rhodophycean alga Gracilaria heteroclada, and the work of Pondevida and
Hurtado-Ponce (1996) on Gracilaria bailinae.

The high biomass values recorded during winter season are probably due to
improved nutrient availability (Buriyo and Kivaisi, 2003) and/or low light
intensity. Where high light intensity accompanied with high temperature (in
summer season) may lead to reduce algal productivity partialy due to
photoinhibition (Krause and Weis, 1991) and desiccation especially for intertidal
algae (Moorjani, 1982). A gradual decrease in algal biomass values were
observed between May and August. This period was associated with high light
intensities and high temperature. Furthermore, this period normally has relatively
longer hours of sunshine, which may affect benthic intertidal seaweeds (Moorjani,
1982). The detrimental combination effects of light stress, desiccation, higher
salinity and nutrient limitation probably conducted to the decline of algal
biomass.

Agar yield showed fairly significant variation along the study period, and
this was true for both P. capillacea and H. musciformis. There was clear
relationship between agar yield and biomass. Where, their peaks were observed
nearly at the same period from October to December, this is in contrast with the
work on other red algae revealed by (Freile-Pelegrin, 2000; Marinho-Soriano and
Bourret, 2003). The agar yield of P. capillacea during the whole study period was
slightly higher than that of H. musciformis. However, the range of agar yield in
this study for both algae species was comparable to values found for the other
agarophytes species (Durairatnam et al., 1990; Matsuhiro and Urzua, 1990).
Previous studies on agarophytes have shown that the seasonal variation of
biomass and agar yield can or cannot exhibit a similar pattern. As in the study of
Marinho-Soriano (1999) who observed that the peak of biomass and agar yield of
Gracilaria bursa-pastoris were during the summer; while Whyte et al. (1981)
found inverse relationship between these two parameters in Gracilaria gracilis.

The process responsible for agar degradation at different seasons could be
of bacteriological or enzymatic origin (Armisén, 1995; Kapraun, 1999). In fact,
this loss in gel parameters may be due to hydrolysis (Armisén, 1995). Although
these parameters were fluctuated within seasons, but at the end of this study, agar
quality characteristics were as good as those recorded for other red species
achieved by (Rebello et al., 1996; Zemke-White and Ohno, 1999; Zemke-White
et al., 1999; Freile-Pelegrin, 2000).

It is evident from this study that time of harvesting algal biomass for agar
production is a significant factor. Furthermore, high-quality of agar extracted
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production is a significant factor. Furthermore, high-quality of agar extracted
from H. musciformis, encourage the usage of this alga as a good source for
commercial agar production.
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