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Ahstract

The vicld and eel properties of agar from Gelidium robuesfam, harvested in Baja California for industrial production
is affccted by season of collection and epiphyte loading. The alga is epiphytized to various extents by the bryozoan
Membroniphory inbercufaia (conchilla’™ and the resulting calcareous crust on the alga diminishes the price of
the scaweed biomass, Classification of the algal hiomass quality by the agar industry is based on the appareni
‘conchilla’ content from visual examination. The different quality classes can be categorized quantilatively inw
prentium class (30—20% whw of *‘conchilla’ Ioad), 2nd class {~ 30% wihw) and 3rd class (= 60% wiw). For samples
collected at fwa exploited beds, the biomass obtained from Bahia de Tortugas had a lower epiphytic coverage than
that from Bahia Asuncidn, The agar yield from different quality classes of . rebustun was strongly ailected by the
hryozomm epiphylic coverage, while its gel characteristics were not. Algae collecled ul Punta Prieta, an unexploited
bed nol alfected by “conchilla’, showed scasonality in agar yield. Tt ranged hetween 17.5 and 44.2% with two
maximum values observed, onc in snmmer and the other in winter, Gel strength ranged between 315 and 663

gom 2, rcaching a maximum during avtonn,

Introduction

Gelidium robustum (Gardner) Hollenberg & Abbott is
the principal agar source in Mexico. This species is
distributed in the cold up-welling walers of Baja Cali-
formia, Mrom Punta Descanso (32° 167 N, 1177 02' W)
o Isla Margaria (24° 26" N, 111° 51) W), growing
from the intertidal to 15-20 m depth in areus of high
water moton.

The Mexican agar industry started in 1956 when
a private company got 4 concession to harvest G, ro-
brevteernt, gatheting an average of 650 dry t annually.
tn produce hetween 40 to 73 t of agar. On the other
hand, fishermen cooperatives harvest between 100—
150 dry t annually, which are sold directly 1o the
private company or exported to the 1T7.8.A. (Rohledo,
19981, G. robusium is horvested throughout the year,
but the best peried is between May and Seprember due
o optimum weather conditions (Zertuche-Gonzilez,
1993}, The biochemistry of agar are known to change
i [espense to vanations in environmental conditions

{Mouradi-Givernaod ¢t al., 1992: Freile-Pelegrin et
al., 1995). This is cspecially important on the southern
Baja California coast where environmental factors can
be considerably affected by ditterent phenomena (ie,
El Nifio-Southern Oscillation). One problem associ-
ated with 7. robustion beds is related wilth the epi-
phytic bryozoan, Membraniphora tuberculata Bose,
(*conchilla®y which forms a calcareous covering on the
alga and lowers its the commercial value,

Gelidivm rebusium is considered the second most
important seaweed resource in México afler Meacro-
cysris pyrifera (L) C. Agardh, Although the former is
important for the Mexican agar indusiry, its agar con-
tent and physico-chemicul properties have litle been
studied and no data are availabie on agar characterist-
ics from more or less epiphytized algae. Ospinoza &
Rodriguer {1992) reported seasonal variations in yield
aml gel strength on &, robushost agar trom the Mex-
icam coast, however, the methods used in their study
were not classical. On the other hand, two agar season-
ality studies exist for . sofucszum harvested in North-
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ern California, L.8.A. (Cooper & Johnstone, 1944,
Buarilowi & Silverthome, 1972) showing completely
differenl seasonal patterns in the agar content. These
contradictions may tindicate thal major differences can
exisl among geographically separated populalions as
well as between those in the subtidal and intentidal
zones. The aim of this sludy was 10 compare Lhe agar
characieristics [rom three different quality classes of
. rebusnim in relaiion to thelr epiphylic covering
by conchille’ and collected [Tom iwo industrially ex-
pluited beds, Buhia Tortegas and Bahia Asuncito. On
the wiher hund, the agar chargcleristics 'ron algae
collecled from an unexploied bed, Punty Prieta, are
discussed in lerms of seasonalily,

Muterial und methods

Plant callecrion

The study arca is localed on the northwest coasl of
Soulhern Baja Califormia, I divided oo six zones
corresponding to different cooperatives (Figure 1),
The local wndustry has classified thece catepories of
. mbuyin bromass based on mnor 1o major Gpi-
phyte loading. referred to as ‘conchilla’: premivm,
second and third quality classes. Samples of the three
guality classes were collectad from the biomass har
vested in August 1997 by fishermen cooperatives at
two exploited beds, Bahia Tortupus (zone 3) and Bahia
Asuncion (zone 3. The harvest at both locaions was
done by diving between 5 to 10 m depth using an
air compressor in the boat (Tlooka equipment). Epi-
phyvie loading lor each qualily class was expressed as
a percentage of epiphyte weight present on the original
sample.

The material for the agar seasomal study was col-
lected from October 1995 w0 August 1998 by scuba
diving al 3 m deplh at the unexploited bed of Punta
Prieta (zone 6). Harvested plants were lmansported to
the laborzlory, washed thoroughly with tap-water and
dried in un oven al 60 *C (or 48 b, Subsamples ol [Tesh
material (72 = 4) were weighed, cleangd thoroughly
ol epiphytes and re-weighed in order W express agar
yield us dry welght percent of epiphyte [Tee seaweed.

Agar extraction
Diry samples {25 2% were soaked ina 0.5% wity selution

of Naa(C{ at 8390 " tor ) min priar o extraction.
1n order to elimuinate cxcess alkall, the seaweods were

wished with running tap-water for 1) min. Agar ex-
tractions (i = 3) were carried out following the method
described by Freile-Pelegrin et al. (1995).

Gel properiies

Agar gel strength, meling and gelhng temperatures,
were measared in triphecate on 1L.53% w/y solutions,
made with ground dry agar (Tecator Cyclotec mll,
(.5 mm particle size) th deiomized water. Gl strength
g e~y was measured after standing overnight at
room temperature, by measuring the load thal canses a
cylindrical plunger (1 cm? cross section} to break the
gel within 20 5 {Armisén & Galaras, 1Y87).

Gelling temperamare was measured as follows: a
hot agar solution (10 ml) was poured into a test whe
containing a glass bead (5 min diameter). The wbe was
tilted up and down in a water bath at room temperature
until the glass bead ceased moving., The temperat-
ure in the gel was then immediately measured with &
precision thermometer (0.1 *C divisions).

Melting temperature of the gel in a test be was
measured by placing a lead bead ¢ mum diameter) on
the gel surface, The test tube was clamped in a water
bath and the temperature raised from 50 to 100 *C
at 1 °C min "': the melting point was recorded with
a precisien thermometer when the bead sank into the
solution,

Chemical characteristics

The weight percentage of sulphate was determined
in triplicate by hydrolyzing ' g of agar powder (pre-
viously dricd at 105 *C) with 10 ml HNO; in 100
ml Kjeldahl flasks., The completely hydrolyzed cster
sulphates were guantitatively precipirated with bariurm
chloride. collected on ash-free gravimetric paper fil-
ters, dried. ignited ar 400 °C for 3 h and preciscly
weighed. The weight of the obtained barivm sulph-
are, multiplicd by 04116, pave the weight couivalent
sulphate.

Sravisrical analvsis

Data were tested (or normality (Kelmogoroy-Smirmov),
and subjeeted W the Barte(s el lor homogeneity of
group yarances aging a statistical soflware package
(Stazoit). Pearson’s prodoct moment correlation besl
was used o determine the linear correlation belween
cpiphyte load. agar vicld and physico-chenueal prop-
criies. ANOVA comparison of means was done os-
mp a Tokey’s HS5D test o deternune the seasonal-



503

L. 28°00'

ZIONE |
sl Notividod

el

P Eugenia
P. Quzbroda

ZONE 3

ZONE 4

Campo Quesn

Puerto Eacondido
Puerto Nuavo

ZONRES

Baohio de San Rogue

________ Baohio Asuncidn
: . ) Punta
L 27000 Prieto
ZO0NES
i5° a0’ ! r4°op'

Figure £ Map of Sowthern Baja Calitormia showiag the disinet soncs where Gelidisn robicsium i exgploited.

iy and dilference armomg the three guality classes,
Groups with heterogensous characters were tested us-
ing non-paramelnic Kruskal-Wallis one way analyses
of variance.

Resulls

Oucdiey classes at explnited beds

The epiphyte load of G. rebusmm from Bahia Tor-
tugas @nd Bahiy Asuncidn was mainly compoesed of
the bryvroan epiphvte Membraniphara tuberculara.
Samples collected al Bahfa Tortugas showed un epi-

phyte content {"conchiflu’) varying between 31.2%
wiw for premium class biomass, to 64.5% whw for
the 3rd quality class (Table 1. The epiphyte load
of samples collecied at Bahfa Asuncion was slightly
higher bor all guality classes, ranging from 44 5% wiw
for the premium class, o 69.4% whiw for the 3rd class
{Tabhle I).

The agar yield runged between 21.1%: for preminim
qualicy class o 13.9% for third class, froom samples
collected al Babia Tortugas. The agur conient in Bahia
Asuncidn samples was slighlly fower, and ranged
between 19,25 for peemium class @ 10.5% for third
class (Figure 23 ANOVA showed a significant dil-
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Fignre 20 Apar vicld ol G wobstann from the three qualiry classes
(premiom, 2nd acd 3rd) collected ot Bahia Tortugas fblack bary and
at Bahla Asuncidn cwhite bary. Bars represenl standard devidicn,

ference berween the epiphyte load and the apar vicld
fur the samples from tha theee quality classcs at hoth
localities (p - 001 ‘Fable 23, There was an inverse
correlation between the epiphyte load and the npar
vicld tor G, ywtneifum from Balia Tortugas (r= 093,
g 00D and from Bahia Asuncidn (r = 097 p =
(0.01). However, no corrclation was found between the
epiphyte load and the agar zel strenglh, or belween
the former and the gelling and melting lemperatures.
The agar pel strength varied for all classes between
567 and 623 g cm ¢ at Bahfa Torlugus, und belween
582 and 630 ¢ cm 2 at Bahiz Asuncidn, bul there
was no defined pattern between the two localities
(lable 1). Gelling and melting lemperatures of agar
from the three quality ¢lasses ol both localitics arc
ghown i Table | ANOVA showed no significant dif-

ference between the physical properties of agur [tom
the three quality classes of both localities, except for
the melting temperatnre at Bahia Tortgas (Table 23

Seascaality of daor vietd witd cOaracTorises

Srom G, robustum w wnexploited bed

The epiphyte load of G. robastum from Punta Prieta
wis maiily composed, throughout the year, of the red
seaweeds Luwrencia sp. and Cryptoplewra spp. and by
d vory simall amount of the brvozoan Membraniphora
{ebe vl

The apar vicld ranged between 173 and 44 2%
reaching two maximunm values, the highest in summear
and another peak in winter months (Figure 3a). The
agar gel strenglh ranged belween 315 und 665 gemn =,
with & maximum during avtumn, To general, the gel
serength decreased toward spring with a slight increase
during (he summer months {Figure 3b), Althoegh the
vel strength did not show any signilican comelation
wilth 1he agar comten, the highest value of the former
coincided with the wininuom agae yield. The sulphate
comtent ranged fom 274 10 2,12% and was highest
in aummn (Figure 3b). The agar gelling temperatures
were higher in apring with a mean value of 35,7 °C,
decreasing o a minimum in antumn (340 °C), The
agar melting temperatures showed o similar seasonal
patlern. ranging from 87.2 "C o 82.5 °C (Figure 3c).
There was a positive correlation between the gelling
and melting emperatures (r = 075, p < 0.05), and
both were inversely correlared with the zel strength
(r = =078, p <« 0.0] for gelling emperature: v =
—0.83, p = 0.05 for melting remperature). ANOVA
showed a seasonal variation in agar conlent (p = (.01)



fuble 2 ANOYVA teu for significance  differances
among Lthe three qualily classes of (5 mbuseos in
cpiphyue Joad arud agar characterislics

wariable dat  F ol

Lkahla Tortugas

Epiphyle Toad (%) L8273 0.0000F

Azar vield (%) 2 TOT4 OO
Gol srenglh fgom 4y 2 L7 NS
Gelling temp. (°C)F z NS
Bleling wip., (7C z 4559 (0.000s"
Bahia Asuncitin

Lpipiiyte load (4.1 z 1601 G009
Agar yviehl (%) 2 18085 CuOD00A
Gel sieenglh (2 om h oz 324 NS
Gielling ieanp. {707 2 262 NS
Melting temp. 150" 2 — N5

FHighly significand (p -<001% NS = no significant (p
=005
POty with huterogeneous Chiaracun

and physice-chemical properties (p < 0.01) fur the
samples collected al Punta Priela.

Discussion

Classification of algal biomass, made by fishermen
cooperdlives and the agar indusiry, is based on the
appacent ‘venchilla’ content rem visual examination.
Based on our resulls, he dillerent quality classes can
be calegorized uantitatively inlo preminm class with
4 ‘conchilla’ conlent runging Irom 30 0 40%. 2nd
class with approximartely 30%, and 3rd class above
oll% whv hryazoan epiphyte content. Bahia Tortu-
Eas 15 the zone with the highest {r. robustum hatrvest
values, corresponding to 60% of the total agar pra-
ductiom from southern Baja California (Casas-Valdez
& Fajardo, 1990}, This may be related o the lower
amount of bryozoan found for all €7, rolusttm biomass
classes collected at this site, compared with samples
from Bahia Asuncidn.

In general, the price of seaweeds is related o qual
ity class which depend on *conchille’ Toad. This study
has shown that agar conteot, but not its quality is de
pendent on epiphytic load. This is in agreement with
recent studies on the apar from Gelidiwnr canarien-
&5 (Grunow) Sepane-Camba (Freile-Pelegrin et al.,
1993) and Pererociadia capillarea (Gmeliny Bornet ot
Thuret (Freile-Pelegrin et al., 1996), where differont
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Figure 3. Scasonzlily of agar Tom G rsuesnen colleclod al Punly
Pricta. (ap Arawe vield saprased as peroenl of dey weight {rom
clesed seawezd. (b Gel strength of 1.5 apar sululivn (basy and
sulphate contant in agar sanples (—e— ). 723 Gelling (o) and melw-
ing (wh temperaturas of 1.5% agac solution. Bars represent standard
deviation.

epiphytic coverings of two populations did not affect
quality characteristics.

On the other hand, reduction of the amonant of light
availahle for the algae can lower the agar yields {San-
telices, 1988). Cancina et al. (1987) have shown that
thalli of Gelidium rex Santelices et Abhot encrusted
with M. wherculata receive a lower irradiance and
have a lower photosynthetic rate than non-ancrusted
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thalli. According to Torres ot al. (1991), maximal
phatosynthetic rates increase cell-wall polysacchar-
ides svnthesis in Gelidium sesguipedole (Clements)
Thuret, This may explain the differences found in (5,
robusfum agar yield for the different qualiry classes,

In relation with the seascnal study, alpas were col-
lected at four periods over the year representing the
mast contrasting wearher conditions W the region. A
seasonal pattern for the apar vield and guality char-
acteristics of G rpbusioen was shown, I general, the
agar comtent ingreased towards the summer months,
reaching values comsidered higher than commercial
vields {17-25%). Similar resalts have heen found for
the same species (Bartbow & Silverthorne, 1872} and
in G, cameriensiy collected at simidlar laditude (Freale-
Pelegrin el al., 1395). The second peak may be related
o slow growih rates influenced by the low seawater
temperatnie duting winter (Guzmdn del Proo & De
la Campa Guemin, 1979, TInder this comdition, agar
syiithesis ocours at the expense of biomass production,
as it has alrcady becn shown for other Gelidivm ape-
cies (Mouradi-Givernaud ct al., 1992: T'reile-Pelegrin
et al., 1995).

During the spring months, when a decrease in
temperatere and high nutrient levels prevail doe to
up-welling conditions in the area, the lowest pel
strength is found. Although nutrient encichment has
becn proven to increase apar guality (Bird et al,,
1081; Santeliccs, 198%Y, in &n robusinm, the effect
of high nutrient vptake is nor reflected oo the agar
gl strength unttl summer when the plant reaches its
highest growth (Barilotti & Silverthome, 1972). The
highast ugar gel strength recorded for the autumn col-
lected algae, could be related o an incregse i water
movemeitt due to storms 1 this season, therefore, en-
hancing nutrient uptake and increasing the nitrogen
statis m O robustien, The sulphate content of G ro-
Pustom agar s within the range required by industry
{Arrmsén & Cralatas, 1987), and there was no -
verse cortelation between this content and gel strength
as other authors reported for other Celidium species
(Onraét & Robertson, 19870 The gelling and mele-
ing temperatures trom (r robusiner agar are similar
ta those of the commercially available agars obiained
from G. sesqreipedale (Garcia, [988). Based on our
tesults, it is difficult to assess the optimum time for
harvesting. 1n tact, industry collects this alga all year
round, decreasing #ts harvest during zuiumn doe to
had weather conditions. However, results showed that
the best quality in terms of gel strength is found dur-
ing these months when values are close to those of

bacteriological agar (about 608 g cm™, McHugh,
149917,

G orobmstues tram Scuthern Baja Caliloroia wis
shown to synthesize agar in quantity and cquality suit-
able for industrial purposes. Apar yield s strongly
atfected by epiphytic covering, although values range
withi industrial requirements {17-253%). Apar gol
strenpth i mainly aftccted by environmental condi-
tions and this has to be taken into account when pro-
ducing bactericlopical prade asar from {7, robusinm
biomass,
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