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enriched post-harvest treatment. Additional physical
characteristics of agar (agar yield, dynamic gelling
temperature, relative viscosity, and ash content) were not

correlated with gel strength.
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INTRODUCTION

The rapid expansion of the agar industry in recent
vears has resulted in the increasingly limited availability
of phycocolloid-bearing seaweeds for this industry, and
overharvesting of some species. This has stimulated world-
wide attempts to find additional species with extracts
suitable for industrial use (Matsuhashi and Hayashi, 1972;
Doty and Alvarez, 1973; 0za, 1978; Pringle, 1979; Abbott,
1980; Whyte and Englar, 1980; Whyte et al., 1981; Nelson et

al., 1983). Species of the algal genus Gracilaria have

received considerable attention, since many have been shown
to contain high grade agar and are abundant enough in
some areas to be harvested. In addition, several

Gracilaria species have been cultivated on a commercial

scale, most notably in southern Taiwan (Chen, 1976; Wang
and Yang, 1980; Yang et al., 1981; Yang, 1982).

A number of Gracilaria species occur in Micronesia

(Tsuda, 1984), and agar extracts from a few of these have
been examined. Nelson et al. (1983) reported that suitable
yields of agar extracts could be obtained from Guam species

of Gracilaria, but that these had relatively 1low gel

strengths (100-240 g cm?). If the gel strengths of these



extracts could be improved, then the potential for a

Gracilaria-based agar industry in Micronesia would be

enhanced.

Agar quality is influenced by a variety of factors
including the =environmental conditions under which the
thalli are grown. Seasonality, for example, has been
reported to affect both the yield and gel strength of agar
from natural seaweed populations (DeBoer and Ryther, 1977;
Oza, 1978; Hoyle, 1978; Whyte et al., 1981). Similar
patterns of seasonality have been reported for thalli
cultured in ponds (Wang and Yang, 1980; Yang et al., 1981;
Yang, 1982). In general, agar gel strength is inversely
correlated with the length of the photoperiod (Bird et al.,
1978; Wang and Yang, 1980; Yang, 1982) and inversely
related to thallus growth rate (Hoyle, 1978).

The nutrient concentrations in which the thalli are

grown also affect agar quality. Gracilaria thalli grown

under controlled conditions and exposed to high levels of
ammonium nitrogen fertilization produce agar with
relatively high gel strengths (DeBoer, 1978; and Bird et
al,, 1981).

Although in many cases it may not be feasible to
control environmental conditions during culture, the agar
quality could possibly be improved by manipulation of
environmental conditions in post-harvest treatments.

Fuller and Mathieson (1972) and Mathieson (1975) reported



that the agar yields from Chondrus crispus were improved by

holding the thalli in tanks for short periods after
harvest, and it seems likely that agar extract quality from

Gracilaria thalli also could be improved by postharvest

treatments which limit growth and/or increase available
nitrogen,

This study was designed to examine the effects of
post-harvest holding regimes on the yield and quality of
agar from wild-harvested thalli of two Guam species of

Gracilaria. Post-harvest comparisons of agar gel strength

and other properties were made for thalli which were: 1)
maintained either wunder a natural photoperiod or in
complete darkness, and 2) exposed to varying degrees of
fertilization by periodic, short-term exposures to

dissolved ammonium.



MATERIALS AND METHODS

Collection and Maintenance of Algae

The seaweeds used in the post-harvest treatments were
collected from various areas around Guam. The species of

Gracilaria used during this study are currently wundergoing

‘taxonomic revisions and are therefore referred to as

Gracilaria salicornia and Gracilaria sp. Thalli of

Gracilaria salicornia were harvested from the Piti Channel

area of Apra Harbor, while those of Gracilaria sp. were

harvested from Sella Bay and Cetti Bay on the southwestern
coast. The freshly collected thalli were brought to the
University of Guam Marine Laboratory and rinsed with
seawater to remove sediment, epiphytes and visible
epizooans.

Two sets of experiments were conducted. For each set,
1,000 g (wet weight) of thalli were distributed into each
of a series of outdoor flow-through tanks (80x50x40 «cm).
Seawater flow in the tanks varied from 200 to 360 1 h?
depending on the tide level and on the condition of the
laboratory seawater pump.

Salinity and water temperature were measured daily.
Salinity was measured with a refractometer and ranged from

33 to 36% ; water temperature varied from 27 to 31° C.



Ambient 1light intensities were determined as photon flux
density (mE m™? s*) with a Licor quantum meter with
underwater sensors. Measurements were taken at noon and

ranged from 150-450 pE m? s in the exposed tanks.

Light vs. Dark Treatment Protocol

The first set of experiments was designed to determine
whether 1light conditions in the ©post-harvest holding
conditions influence the quality of agar extracts. Thalli
were exposed 1in unenriched seawater either to a natural,
12-h, photoperiod or to complete darkness. Two consecutive

two-week trials were conducted with Gracilaria salicornia

and three with Gracilaria sp.. In each trial, after the

first week 500 g (wet weight) of the thalli were removed
from the holding tanks, and the remaining thalli were
collected at the end of the second week. After they were
removed from the tanks, the thalli were washed, sun-dried
to remove most of the moisture, and oven-dried to constant
weight. Agar was extracted from the thalli and analysed as
described below.

Gracilaria salicornia was very difficult to extract

and was therefore not used during the second part of the

experiment.

Nutrient Enrichment Protocol

The second set of experiments was designed to

determine the effect of nitrogen fertilization on the



quality of agar extracts. Only thalli of Gracilaria sp,.

were used in these trials. Each of the three trials 1in
this set consisted of a series of two weekly exposures of
the thalli to one of five <concentrations of dissolved
ammonium (control, 325, 750, 1500, or 2000 pM NHM—N). At
the beginning of each week, thalli were removed from the
tanks and briefly rinsed in filtered seawater, then placed
into plastic 80-1 aquaria and exposed to the appropriate
concentration of dissolved ammonium under gentle aeration
for 1 h. The thalli were then returned to the holding
tanks. As 1in the first set of experiments, 500 g (wet
weight) of the thalli were harvested after the first week.
The experiment was terminated at the end of the second
week, and the rest of the seaweed was collected. The thalli
were then dried and weighed as described above. Agar

extraction and analyses were conducted as described below.

Agar Extraction and Analysis

Replicate agar extractions were made from thalli from
each of the treatments and of the pretreated seaweeds. The
extraction methods were similar to those used in commercial
agar production and by other investigators (Kim, 1970;
Wang and Yang, 1980; Durairatnam and Santos, 1980).
Samples of clean seaweed, dried (5°C) to constant weight,
were treated for 15 min in a preheated 27 aqueous solution
of NaOH at 94°C (1:15, w/v). The duration and strength of

the alkaline pretreatment chosen for the two species had



been determined from preliminary trials. The seaweeds
were then rinsed overnight (12 h) with running tap water.
The suspension in the beakers containing the thalli was
brought to its original volume and the pH was adjusted to
6.5-7.0 with a 0.03% acetic acid solution, The thalli
were then gently boiled for 2 h. The resultant solution
was strained through an 8-ply cheese cloth in a stainless
steel pressure filter and filtered again through an 8-ply
muslin filter on a 20-cm Buchner funnel to remove any
remaining algal fragments. The filtered extracts were then
allowed to gel overnight in a refrigerator at 4°C, and the
gels were sliced and frozen at -5°C for 24 h. The frozen
agar was thawed at room temperature over nylon screen and
oven-dried at 50°C to constant weight. The samples were
then cooled to room tempurature (24°C) over silica gel in
a desiccator and weighed. The agar content, expressed as
clean anhydrous yield (Santos, 1980), was determined
gravimetrically and expressed as a percentage of thallus
dry weight.

The gel strengths of the extracts were determined with
a gelometer developed by the Japan Agar Industry
(Matsuhashi and Hayashi, 1972) and described in detail by
Kim (1970). The gel strengths of replicate samples of 1.57%
agar gels were determined in 50-ml beakers. Gel strength
was calculated as the pressure, in grams on a l-cm diameter

plunger, which the gel could resist for 20 seconds at 20°C



(see Nelson et al., 1983). Two measurements of gel
strength were taken for each of the extraction replicates.
Measurements taken at slightly higher temperatures as a
result of fluctuations in room temperature were adjusted
according to the tables provided by Kim (1970).

An Ostwald viscometer was used to measure the
viscosity of 0.06% agar solutions at 65°C (Kim, 1970; Whyte
and Englar, 1980) with deionized reagent grade water as a
reference.

Stoppered 12-cm test tubes (I.D. 18 mm) containing
10 ml of a 17 agar solution were used to measure the
dynamic gelling temperature (gel point) of the agar
extracts (Yang, 1982). A thermometer was inserted through
the stopper into the center of the tube. While the samples
were cooled in a water bath at a rate of 2°C min?, a 3-mm
diameter glass ball was placed on the surface of the agar
at every 1°C change in temperature of the solution. The
temperature at which the surface of the agar solution could
support the glass ball was recorded as the dynamic gelling
temperature (Yang, 1982).

The nitrogen content of subsamples of thalli within
each experimental treatment was determined in duplicate
after micro-kjeldahl digestion (Gallaher et al., 1976). The
thalli were digested in sulfuric acid with a mixture of

sodium thiosulfate and cupric sulfate (100:1, w:w) added as



a catalyst. The nitrogen concentration of the digestate
was determined with an Orion 95-10 gas-sensing ammonia
probe attached to an Orion model 901 ionalyzer (Gallaher et
al., 1976). An amino acid, L-phenylalanine, was wused as a
standard.

Statistical analyses, including one way analyses of
variance (anova) and the <calculation of correlation
coefficients, were performed with the use of the Systat
statistical program; Systat, Inc. Leland Wilkinson 603 Main

St. Evanson, Il. 60202, on an IBM - PC computer,



RESULTS

Light vs.Dark

The results of post-harvest treatment of thalli in
unenriched systems exposed to either 1light or complete
darkness were ambiguous since the two algal species reacted
differently to the treatments. As the results in Table 1

show, the trials with Gracilaria salicornia demonstrated no

significant differences in gel strength between treatments
in the open versus closed tanks (Fs=2.84, p>0.05). However,
the gel strength following the dark post-harvest holding
treatment waé slightly higher (195.5 g cm? ) than the
initial gel strength (181.5 g cm?) by the end of the second
week (Figure 1). As shown in Table 2, analysis of the

trials involving Gracilaria sp. indicated significant

differences in gel strength between the holding conditions
(Fs=13.46, p<0.05). Agar samples from thalli held in
closed tanks had higher gel strengths than those from
thalli held 1in open tanks for both weeks after harvest
(Figure 2). However, the gel strengths resulting from the
post-harvest treatments were not greater than those of the
initial samples.

Additional physical characteristics of the agar, such

as agar yield, dynamic gelling temperature, relative

10



Table 1. Anova results comparing gel strengths of agar
extracted from Gracilaria salicornia over
a 2-week post-harvest holding period in open
and closed tanks.

source sum-of-squares df mean-square F-ratio P
(1) week 370,562 1 370.562 w332 «575
(2) treatment 3164.063 1 3164.063 2.836 .118
(1)*(2) 3335.063 1 3335.063 2.990 .109
error 13386.650 12 1115.554

11
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Table 2. Anova results comparing gel strengths of agar
extracted from Gracilaria sp. over a 2-week
post-harvest holding period in open and closed

tanks.
source sum-of-square df mean-square F-ratio P
(1) week 6.000 1 6.000 .040 .843
(2) treatment 2016.667 1 2016.667 13.457 .002
(1)*(2) 42,667 1 42.667 .285 .600
error 2997.167 20 149,858

13
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viscosity, and ash content were examined, but no apparent
pattern in relation to treatment emerged. Tables 3 and 4

provide a summary of these properties.

Nutrient Erichment

As shown in Table 5, ©post-harvest holding of thalli

of Gracilaria sp. in nitrogen-enriched systems resulted in

significant differences in gel strengths between enrichment
levels (Fs=5.47, p<0.05). Thalli grown at the 750 puM
enrichment level produced agar with higher gel strength
(145.8 g cm"?) than either the other treatment groups or
the pretreatment group (Figure 3). The agar samples from
this enrichment level also increased in gel strength each
week of the post-harvest treatment. Also, <combining the
data from all of the enrichment treatments demonstrates
(Figure 4) that the gel strengths were significantly
correlated with post-harvest thallus nitrogen content
(r=0.512, p<0.05).

Again, other physical characteristics of the agar
were examined; however there were no apparent patterns in
relation to post-harvest treatment. These properties are

summarized in Table 6.

15



Table 3. Summary of effects of 2-week holding periods in open and closed tanks on
thallus nitrogen content (%), and on agar yield (%), dynamic gelling
temperature (°C), relative viscosity (nrel), ash content(%) of extracts of
Gracilaria salicornia, Values represent the mean of 2 replicates and
standard deviation.

dynamic
post-harvest  thallus agar gelling relative

replicates treatment  nitrogen yield temperature  viscosity ash

% (%) °c) (rrel) %)
1  initial 2,9%0.0 22,0%1.4 42.620.1 1.4:0.0 3.90.4
week 1 open 2.840.2 19.0£1.8 43,040.0 1.3+0.2 4,940,1
closed 2.440.3 20.0%0.0 44,620,1 1.4&0.1 4.020.1
week 2 open 2.890.1 20.042,1 42.8%0,2 1.120.0 4,440.6
closed 3.1%0.4 17.01.5 44,5%0,2 1.2:0.0 3.6¢0.1
2  initial 2,440.2 21,0%1.8 44,040.1 1.4¢0.3 4,0¢0.1
week 1 open 2.140,2 27.01.4 45,042.8 1.2:0.0 4.6:0.4
closed 1.80.4 24,043.5 43,842.8 1.4+0.6 5.440,7
week 2 open 2.10.3 30.02.8 45,0¢0.0 1.2+0.5 3.540.1
closed 2.610.4 22.,0%1.4 43,840.2 1.30.1 4,710.4

1. gel-strength measured with 1.5% agar at 20°C 2. dynamic gelling temperature
measured with 17 agar 3. viscosity measured with 0.06% agar at 40°C

16



Table 4, Summary of effects of 2-week holding periods in open and closed tanks on
thallus ni'c.ro§en content (%), and on agar yield (%), dynamic gelling

temperature ('C), relative viscosity (nrel), ash content (%) of extracts of

Gracilaria sp. Values represent the mean of 2 replicates and standard

deviation,
dynamic
post-harvest thallus agar gelling relative

replicates  treatment  nitrogen yield  temperature  viscosity ash

%) (% (°0 (nrel) %)
1  initial 2,0:0.6 40,043.5 42,0:0.1 1.4:0.0 6.2:0.1
week 1 open 1.340.6 36.046.9 41,240,1 1.5:0.0 6.60.1
closed 2.0:0.3 25.045.6 41.0+1.4 1.320.2 6.30.1
week 2 open 2.84.3 20.0£2.8 41.5+0.6 1.720.3 6.310.4
closed 2.890,1 28.0+2.0 40,5:0.7 1.540.1 7.580.3
2  injtial 2.440.,3 51.0%1.4 40.540.2 1.540.3 6.840.7
week 1 open 1.840.0 50.0#.9 41.240.4 1.540.4 7.2%0.3
closed 2.140.5 44,043.5 40.8+0.4 1.340,1 7.6%0.8
week 2 open 2.0¢0.1 26.0%2.1 40.040.0 1.440.1 6.9%0.3
closed 2.840.3 22,01.6 39.0#0.0 1.2¢40.1 6.640.4
3  initial 3.1%0.1 20.0£2.8 38.5#0.7 1.210.1 6.6:0.1
week 1 open 2.020.3  20.0:0.7  39.0:0.5 1L.40.1  5.8%0.6
closed 2.440,1 20.0:0.7 39.810.4 1.340.0 6.5:0.3
week 2 open 3.3¢0.1 20.00.0 39.540.4 1.410.1 7.430,7
closed 2,840.3 19.040.7 39.440.1 1,280.3 6.240.4

1. gel-strength measured with 1.5% agar at 20°C 2. dynamic gelling temperature
measured with 1% agar 3. relative viscosity measured with 0.06% agar at 40°C

17



Table 5. Anova results comparing gel strengths of agar
extracted from Gracilaria sp. over a 2-week
post-harvest holding period with different
levels of nitrogen enrichment.

source sum~of-squares df mean-square F-ratio P
(1) week 330.031 1 330.031 1.394 .244
(2) treatment 5175.865 4 1293.966 5.467 .001
(1)*(2) 562.500 4 140,625 .594 .669
error 9940.251 42 236.673

18
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vield (%), dynamic gelling temperature (°C), relative viscosity (nrel), ash
content (%) of extracts of Gracilaria sp. Values represent the mean of 2

Sumary of effects of nitrogen fertilization (NHy Cl) during a 1- to 2-week
post-harvest holding period on thallus nitrogen content (%), and on agar
replicates and standard deviation.

Table 6.

dynamic

post harvest thallus agar gelling  relative
treatment nitrogen yield temperature viscosity

replicates

(°0

(%)

(ngel)

(%)

(o

nNoOOANOMONOMTE

oooooooo

O WO WO NWO WO N NN

100212010

oooooo
111111111

SN OoOooRETNAHO

ooooooooo

§8858888%

AXAKNABKX

3111031/43

&iymmwmm

222322233

ambient seawater
325 M
750 M
1500 M
week 2 ambient seawater
325 M
750 M
1500 pM

week 1

1

772312/46533

ooooooooooo

66675566766

10012013010

% £3399439988

/487286016/43

EEREEEEEER

RRBSRIRKIIQ

0313051/4—/0/4

ﬂﬂﬂ@.ﬂ@wwwmi

QOO OO0OO0o QQQ

8982998879

L2222222222

5331333/43

ARREERIL R

122969239

876765765

103100101

EEEEEREE

33303/432

111111111

OCNET~NOOFTNO

AR IARAR

598556108

RAEREARRIA

MO O MM 0T

mﬂﬂﬂﬂiﬂ_ii

700000000

SHUSgHad

341213313

d99999999

/422935203
233222333

1.

gel-strength measured with 1.5% agar at 20°C 2. gelling temperature

measured with 17 agar 3. viscosity measured with 0.06% agar at 40°C



DISCUSSION

The results of this study demonstrate that the gel

strength of Gracilaria agar can be altered by post-harvest

holding treatments. Post-harvest conditions of both sets of
experiments, 1i.e., the controlling of light and the degree
of nitrogen enrichment, altered agar gel strength. The most
dramatic improvements in gel stength, however, were
obtained when the post-harvest thalli received nitrogen
fertilization., This study demonstrates that thalli held
under moderate conditions of nitrogen enrichment produce
agars with improved gel strength by comparison with
recently harvested algae. In addition, significant
relations were demonstrated between gel strength and post-
harvest thallus nitrogen content., This relationship between
gel strength and thallus nitrogen content was also noted
and explained, in part, by Cragie et al. (1984) who showed
that nitrogen deficient thalli produced -extracts with
higher proportions of galactose and lower amounts of
anhydrogalactose than thalli which were not nitrogen
limited. Similar relations between gel strength and

thallus nitrogen content for Gracilaria were reported by

Patwary and van der Meer (1983) and by Bird (1982).
The optimum level of nitrogen enrichment in respect to
gel quality was 750 pyM. The decline in gel strength of

extracts from thalli held at higher ammonium enrichment

22



levels may be related to the toxicity of ammonia at high
concentrations. Lapointe and Ryther (1979) recorded
reduced growth when thalli were exposed to large daily
enrichment loads, and a significant ©portion of the
assimilated NH: was then stored in the inorganic form. In
addition, Nelson (1985) reported that photosynthetic rates

of Gracilaria thalli were inhibited at ammonium

concentrations greater than 100 pM.

Although relations between the physical charcteristics
of agar extracts have been studied, the physiological
mechanisms whereby thallus nitrogen affects the gel
strength are not fully understood. Lapointe and Ryther
(1979) reported that availability of nitrogen during growth
affects the ratio of protein to carbohydrate in the thalli.
Bird (1982) reported that the thallus nitrogen pools of G.
tikvahiae <consisted mainly of amino acids and proteins;

forms of inorganic nitrogen such as NO3 and NH: were found

in much smaller quantities. He also showed that when
thalli are nitrogen limited, carbohydrate synthesis
predominates, agar yield increases, and gel strength

decreases.

Although additional physical charcteristics measured
to determine the gel quality during this study fell within
the ranges reported by other investigators (DeBoer and

Ryther, 1977; 0Oza, 1978; Hoyle, 1978; Whyte et al., 1981;
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Nelson et al., 1983), no apparent relation between agar
yield, gelling temperature, relative viscosity, and ash
content were found. Although it was shown that post-
harvest holding conditions used in this study significantly
affected gel strength, the improvement in agar quality over
the pre-holding 1levels was not dramatic and further

refinement of the technique is needed.
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