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Abstract The effect of several alkali treatments on the
yield, gel strength, rheology, and chemical characteristics
(quality) of the agar obtained from Gracilariopsis lemanei-
formis from the Gulf of California was analyzed using
different alkali concentrations, temperatures and treatment
times. In the first stage of the experiment, all treatments
lasted 60 min and the NaOH concentrations (2.5, 3.0, 4.0,
5.0, 6.0%) and temperature (80, 90, 100°C) varied. At
constant time, temperature played the predominant role,
promoting an increase in agar gel strength. Based on the
best treatment conditions found (4% and 5% NaOH, and

90°C and 100°C temperature), in the second stage different
treatment times (15, 30, 60, 90, 120 min) were used. Since
agar yields were not significantly different among temper-
atures and times, the optimal conditions to obtain best
quality agar were those providing the highest gel strength.
Treatment time played an important role in increasing gel
strength. Maximum gel strength (Nikan, 954 g cm−2) was
obtained with 5% NaOH at 100°C after 90 min of
treatment, though these conditions resulted in an agar yield
reduction of 25.5% relative to native agar. This treatment
proved to efficiently yield G. lemaneiformis agar that will
meet the commercial quality requirements regarding gel
strength, 3,6 anhydrogalactose and sulfate content, as well
as rheology and hysteresis.
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Introduction

At least 55 economically important seaweed species are
found in the Gulf of California, 19 of which have high
commercial harvest potential; the most abundant are those of
the genus Gracilariopsis (Espinoza-Ávalos 1993; Pacheco-
Ruíz and Zertuche-González 1996; Zertuche-González
1988; Pacheco-Ruíz et al. 2003).

Agar is the main component of the cell matrix and wall
of some red algal species, particularly from the families
Gelidiaceae and Gracilariaceae (Painter 1983; Craigie
1990); however, due to their poor gel strength native agars
from Gracilaria and other species require molecular
modification in order to meet commercial agar specifica-
tions (Armisen 1995).
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The agar molecule is composed of an alternating
sequence of (1–3) β-D-galactopyranose and (1–4) 3,6
anhydro α-L-galactopyranose units, and the quality of the
agar is maximized when as much as possible of the α-L-
galactopyranose 6 sulfate is converted to 3,6 anhydro
galactose (3,6 AG) by a sulfohydrolytic enzymatic reaction
(Rees 1961; Wong and Craigie 1978) or alkali treatment
(Armisen 1995).

Alkali treatment (Duckworth and Yaphe 1971; Rees
1972) has been widely applied by agar producers using
Gracilaria as raw material (Armisen 1995; Minghou 1990).
This species, however, yields agars with different degrees
of sulfate hemiester substitution, so the final agar yield and
chemical characteristics will depend on the strength of the
treatment (e.g., alkali concentration, temperature, and
duration) (Minghou 1990; Hurtado-Ponce 1992; Lai and
Lii 1998). Despite the increase in gel strength due to the
elimination of the sulfate group and concomitant formation
of 3,6 AG, under certain conditions the alkali treatment
may produce severe depolymerization that affects the yield
and properties of the final product (Myslabodski 1990).

This study aimed to determine the optimal treatment
conditions (time, temperature, and alkali concentration) that
would provide the highest yield and quality of the agar
obtained from G. lemaneiformis from the Gulf of California.

Materials and methods

Plants of Gracilariopsis lemaneiformis (Bory) Dawson,
Acleto et Foldvik were obtained in March 2001 from the
commercial harvest at Las Ánimas Bay, on the NW coast
of the Gulf of California, Mexico (28° 49′ 00″ N, 113° 21′
50″ W; Fig. 1).

The optimal alkali treatment conditions were determined
in two stages. The first factorial design involved 15
treatments: five NaOH concentrations (2.5, 3.0, 4.0, 5.0,
6.0%), three temperatures (80, 90, 100°C), and one
treatment time (60 min). Based on the alkali treatment
conditions that resulted in the best agar yield and gel
strength in the first stage, a second factorial design involved
20 different treatments: two NaOH concentrations (4.0,

Fig. 1 Location of the sampling
area
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5.0%), two temperatures (90, 100°C), and five treatment
times (15, 30, 60, 90, 120 min).

For native agar extraction, a modification of the method
proposed by Craigie and Leigh (1978) was employed as
follows: 5 g whole dry algae was washed twice with
100 mL distilled water and extracted in 0.1 M phosphate
buffer at pH 6.3 for 1 h at 100°C with constant stirring. The
resulting extract was vacuum-filtered (Whatman paper and
diatomaceus earth), frozen for 12 h then thawed, and the
resulting liquid was discarded. The gel was washed twice
with 70% ethanol for 15 min and twice with concentrated
ethanol for 30 min; finally, it was dried at 60°C for 72 h,
weighed, and the agar yield was calculated relative to the
initial 5-g sample. In all cases, agar extraction was carried
out with five replicates.

For the extraction of alkali-treated agar, 5 g whole dry
algae was treated at different times with 150 mL alkali
solution at the predetermined concentrations and temper-
atures. Once the sample had cooled, the alkali solution was
removed and the algae were washed under running tap
water for 5 min, and rinsed for 10 min with 0.02% H2SO4

and three times with distilled water. After settling overnight
in distilled water, the liquid was discarded. The agar
extraction was carried out in 150 mL phosphate buffer,

pH 6.3, in an autoclave at 121°C for 60 min, and the
resulting agar was collected as described for native agar.

Gel strength, expressed as g cm−2, was evaluated in
1.5% agar gels using a Nikan gel meter (Armisen and
Galatas 1987). The melting and gelling temperatures were
determined according to Armisen (1995). The 3,6 AG
content was determined by the colorimetric method of
Yaphe and Arsenault (1965), as modified by Craigie and
Leigh (1978). The sulfate content was quantified by the
turbidimetric method using BaCl2 (Tabatabai 1974; modi-
fied by Craigie and Wen 1984).

Differences between the results of the agar treatments
were assessed by a Cochran test, followed by a two-way
ANOVA (α=0.05). When differences were found, a
multiple post hoc Tukey test (Wayne 2002; Zar 1999) was
applied. Sulfate and 3,6 AG contents, and gel strength were
analyzed using the Pearson correlation test.

Results

Gracilaria lemaneiformis yielded 25.8% of native agar with
low gel strength (< 100 g cm−2), while the alkali treatment
applied for 60 min reduced the yield by 5.5–8.0% (20.3–
17.8%) (Fig. 2a), with no significant differences regarding
the NaOH concentration (P=0.344). The application of the
alkali treatment at constant time yielded agar with gelling
characteristics; maximum gel strength (1,116 g cm−2) was
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Fig. 2 Agar yield (a) and gel strength of 1.5% agar (b) from
Gracilariopsis lemaneiformis at different NaOH concentrations,
temperatures and constant treatment time (60 min). Vertical lines
Standard error (SE; n=5)
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Fig. 3 Agar yield (a) and gel strength of 1.5% agar (b) from G.
lemaneiformis at different NaOH concentrations (4% and 5%),
temperatures (90 and 100°C) and treatment times. Vertical lines SE;
n=5
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achieved with 5.0% NaOH at 90°C. Temperature was the
most important factor, especially at low NaOH concen-
trations (2.5–4.0%) (Fig. 3b). The gel strength values
obtained at 90°C and 100°C were similar but higher than
those obtained at 80°C (Tukey test). Thus, the best
conditions found in the first experimental stage at a
constant time of 60 min were 4% and 5% NaOH and
temperatures of 90 and 100°C.

In the second stage, the mean agar yield of G.
lemaneiformis varied between 24.4% and 15.5%. There
was a reduction in agar yield as the treatment time
increased, with no significant differences among alkali
treatments regarding time, temperature, and NaOH concen-
tration (P>0.05) (Fig. 3a). As opposed to agar yield, the
mean gel strength values increased as the treatment time
increased, and maximum gel strength (954 g cm−2) was
obtained with 5.0% NaOH at 100°C and 90 min treatment.
There were significant differences among alkali treatments
at different temperatures and treatment times (P=0.011),
but not regarding NaOH concentration (P=0.284) (Fig. 3b).

The 3,6 AG content in native agar was 26.9%, but
increased to 40.2% in the 90-min alkali treatment with
5.0% NaOH at 100°C (Fig. 4b). The sulfate content value
obtained for native agar was much higher (5.1%) than the
minimum value (1.0%) recorded in 120-min alkali-treated
agar (Fig. 4b). It is worth mentioning, however, that both

Table 1 Gelling, melting temperatures and hysteresis of agar, in
relation to treatment time, under optimal alkali conditions (5% NaOH
at 100°C)

Temperature (°C) Treatment time

(min)

15 30 60 90 120

Melting point 91 92 94 94 81
Gelling point 34 35 34 36 32
Hysteresis 57 57 60 58 49

a

10

12

14

16

18

20

22

24

26

0 15 30 60 90 120

Treatment time (min)

Y
ie

ld
 (

%
) 

   
  

b

0

10

20

30

40

50

120906030150

Treatment time (min)

3,
6-

an
h

yd
ro

g
al

ac
to

se
 (

%
)

0

1

2

3

4

5

6

S
u

lp
h

at
e 

(%
)

3,6-anhydrogalactose Sulphate

Fig. 4 Agar yield (a) and 3,6
anhydro-L-galactose and sulfate
contents (b) of G. lemaneiformis
agar after different treatment
times with 5% NaOH at 100°C.
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the 3,6 AG and sulfate contents in the agar were not
statistically different (P>0.05) with regard to the alkali
treatment time after 15 min of treatment (Fig. 4b).

The yield and sulfate content of the G. lemaneiformis agar
showed a high correlation (r=0.85). A negative correlation
(r=−0.72) was found between gel strength and yield and
between gel strength and sulfate content (r=−0.66) but low
correlation values were found between 3,6 AG and sulfate
content (r=0.23), gel strength and 3,6 AG content (r=−0.16),
and yield and 3,6 AG content (r=0.09).

The highest (94°C) and lowest (81°C) melting points
were achieved with the 60- and 120-min alkali treatments,
respectively, whereas gelling temperature fluctuated
between 32°C and 36°C, corresponding to the 120-
and 90-min alkali treatments, respectively (Table 1).

Discussion

The alkali treatment had a positive effect on the quality of
the G. lemaneiformis agar, increasing the gel strength and
3,6 AG content by decreasing the sulfate content. The
resulting agar showed acceptable commercial agar charac-
teristics, forming clear and strong gels. During the alkali
treatment, temperature played the predominant role, fol-
lowed by alkali concentration and treatment time, similar to
that reported by Lai and Lii (1998) and Villanueva et al.
(1997).

The optimal alkali treatment conditions found in this
study corresponded to 5.0% NaOH at 100°C for 90 min.
Even though the G. lemaneiformis agar yield obtained after
the alkali treatment did not surpass the values reported in
other studies, it was more than double that recommended
for industrial purposes (>8.0%) using agar-producing
species (Armisen 1995).

In the alkali treatment, gel strength was observed to
increase, peaking (954 g cm−2) at 90 min. It then decreased
by 11% (848 g cm−2) at 120 min, indicating some
degradation by depolymerization of the agar molecule
(Lai and Lii 1998; Nishinari and Watase 1983). Protective
mechanisms, however, can be employed to minimize
degradation (Myslabodski 1990).

The maximum gel strength obtained in this study
(954 g cm−2) was slightly higher (892 g cm−2) than that
reported by Arellano-Carbajal et al. (1999) for the same
species and study area. The difference may be attributed to
the different extraction conditions used, or to seasonal
variations in the agar structure of the species.

Most of the increment in the 3,6 AG content and
reduction in the sulfate content of G. lemaneiformis agar
occurred in the first 15 min of the alkali treatment (Fig. 4),
whereas the 3,6 AG peak value (40.2%) coincided with a
low content of the sulfate groups (1.0%) and the highest gel

strength, as reported for the agar of Gracilaria eucheu-
moides (Villanueva et al. 1997).

The gelling (32–36°C) and melting point (81–94°C)
ranges obtained for the G. lemaneiformis agar are
comparable to those reported by Arellano-Carbajal et al.
(1999) for this species (34.3–37°C and 92–98°C, respec-
tively). It is important to mention that the gelling point
range found in both studies was lower than that reported for
Gracilaria (42°C) and other Gracilariopsis (40°C) species
(Armisen 2000), perhaps because the G. lemaneiformis agar
shows a lower degree of methylation (particularly low 6-O-
methylgalactose content; Guiseley 1970). Proving this,
however, is beyond the scope of this study.

The optimal conditions for the alkali treatment in this
study aimed to reduce the excessive consumption of
reagents and treatment time, avoiding an over processing
that would result in degradation of the agar molecule
(Nishinari and Watase 1983; Lai and Lii 1998), but without
compromising agar quality. These conditions were obtained
with 5% NaOH at 100°C for 90 min. However, our results
show that it is possible to use a less expensive treatment by
reducing the time, with 15 min of treatment and 5% NaOH
at 100°C. This would yield an agar with a gel strength
>700 g cm−2, a value close enough to fulfill commercial
requirements (>750 g cm−2) (Armisen 1995).
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