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Objectives
To maintain quality and extend postharvest life of harvested limu.

1. Determine whether postharvest dips in various calcium and nitrogen solutions
can assist in quality maintenance.

2. Determine the optimum storage temperature and maximum storage duration.

3. Determine whether modified atmosphere packaging can maintain quality and
extend postharvest life.

4. Determine whether postharvest treatments can minimize epiphytic growth.
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Anticipated Benefits

Work Progress and Principal Accomplishments

The anticipated benefits from this proposal are: (i) technology transfer of recom-
mendations, (ii) recommendations for preharvest calcium and nitrogen dips, (iii)
recommendations for postharvest storage temperatures and maximum storage du-
ration for quality maintenance, (iv) modified storage recommendations, and (v)
postharvest dips to minimize microbial growth. These recommendations will be
released by newsletters, personal contact, and extension agents on a regular basis
to all known producers and wholesalers during the two years of this project.

General Comments

To date, Gracilaria salicornia has been the main species used for this project.
The plant has a dark, brownish-red color and crunchy texture and generally grows
into a sizable cluster. The average shelf life for this limu is four days. When stored
at room temperature, it maintained a fresh harvest appearance for the first two
days, after which the thalli started to discolor,starting at the thallus tips and changing
from brown to a pinkish-to-purplish color. Not all tips on the same cluster of plant
changed color at the same time. There was large variation in the Gracilaria
salicornia cluster in color change during storage; some clusters did not change
color until four days at room temperature. Limu with short thalli and tighter clusters
generally discolored first. Smaller clusters were more likely to start to change
color sooner. After four days, the occurrence of a pink color rendered the limu
unappealing and unacceptable. It was also observed that the thalli tended to fall off
from the clusters after longer storage periods.

Objective 1: Determine whether postharvest dips in various
calcium and nitrogen solutions can assist in quality maintenance.

The addition of ammonium chloride at 1 and 10 ppm to sea water and dipping the
limu for two minutes did not improve the shelf life. Calcium chloride at 10 and 100
ppm also showed no improvement in shelf life. Both calcium and ammonium
dips were tested at 12.5 to 23°C, and temperature did not influence the result
(Figure 1).

Objective 2: Determine the optimum storage temperature and
maximum storage duration

G. salicornia was chilling-sensitive and did not respond well to low-temperature
storage. When stored overnight at 2°C, thalli became limp and entirely pinkish-
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red. At 10°C, the color change occurred in two days. By the fourth day, more than
90% of the limu was either pink or red. The rate of color change remained the
same when the limu was stored at temperatures higher than 10°C. The pattern of
the change in appearance showed the same trend among all temperatures tested
(Figure 2).

Electrolyte leakage was used as a measurement for the cell membrane integrity.
The lower the number, the healthier the membrane. Limu thalli started to lose
membrane integrity two days after harvest; the increases in leakage were especially

FIGURE 1. The influence of ammonium chloride (1 and 10 ppm) and calcium
chloride (10 and 100 ppm) dips for two minutes at 12.5, 15, 17.5, and 23°C
on limu color as Minolta Chromameter “a” and “b” values.
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high when stored at 10 and 12.5°C. Limu stored at 20°C showed the same trend
of electrolyte leakage, with a slightly lower rate. The result of the electrolyte leakage
studies indicated that 15°C was the optimal temperature for storage. At this
temperature, the electrolyte leakage remained low for four days then increased to
90% in the following two days. It is interesting that moderate temperatures only
delayed the onset of senescence, but did not postpone the whole process. The
rapid increase in electrolyte leakage and change in color when stored at 15°C
after four days indicated the occurrence of drastic physiological changes. Lower
temperature storage had no effect on thalli protein content as it changed only slightly

FIGURE 2. The effect of different temperatures on limu’s appearance during
storage.
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by day 4 (Figure 3). Protein content increased slightly at higher storage temperatures
and then declined significantly.

Phycobilin is the major red pigment in red algae. The optical density at wavelength
564 nm can be used as a measurement of phycobilin concentration. There are dual
peaks of absorption, and while only one is necessary,  optical densities were taken
at 564-nm and 497-nm wavelengths in this experiment. At storage temperatures
higher than 15°C, the phycobilin content remained steady for the first four days. At
lower storage temperatures, the phycobilin slowly disappeared (Figure 4).

FIGURE 3. The effect of temperature on electrolyte leakage and protein con-
tent in limu during storage.
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Respiration rate and ethylene production were measured for limu stored with and
without light at two temperatures. There was a steady rise in respiration rate when
limu was stored with or without light. Light seemed to stimulate the respiration rate
in limu stored at 16°C, but had no effect at higher temperatures (Figure 5). The
effect of light on the physiological changes of the limu may be temperature dependent.
Measurable ethylene production occurred in all the samples, and the amount varied
over the storage period. No relationship could be found between ethylene
production and respiration rate, either with or without light. Ethylene production
did not appear to be related to any of the measured physiological changes. Light
seemed to have a positive effect on respiration at low temperature and on ethylene

FIGURE 4. The effect of temperature on the phycobilin in limu during stor-
age.
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production at higher temperatures. The role of ethylene on limu postharvest life is
unknown. Inhibitors of ethylene action will be used to determine the role of ethylene
in limu senescence.

The decline in phycobilin was closely related to the rise of the color ‘b’ value as
measured with a Minolta colorimeter (Figure 6). Light increased the rate of the
pink color’s appearance at 21°C. Green light was not beneficial for the limu storage,
even though it has been reported to grow well under this light (Figure 7).

FIGURE 5. The effects of light and temperature on respiration rate of and
ethylene production by limu during storage.
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Dry weight showed a slight increase, except when stored at higher than 16°C,
where it steadily declined. Potein loss occurred under all storage conditions by
day 6. At the end of storage, a 50% reduction in protein content had occurred
(Figure 8). Temperature and light did not affect protein loss.

When the texture analyzer was used to measure limu thallus firmness, the results
were inconclusive. The analyzer measured compression force to break the tissue,
and the force was influenced by the thickness of the thallus. Firmness declined with
storage, but the decline was not significantly different (Table 1). By the end of the

FIGURE 6. The effect of light and temperature on the Minolta Chromameter
color change in limu during storage.
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FIGURE 7. Effect of green light on the characteristics of limu at two differ-
ent temperatures.

storage period, most of the thalli had become limp. When firmness measurements
were taken on the remaining intact thalli, the readings did not represent the initial
population. The extremely large standard deviation indicated that large variations
occurred in limu sample firmness.

Objective 3: Determine whether modified-atmosphere packaging
can maintain quality and extend postharvest life.
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FIGURE 8. The effect of light and temperature on dry weight and protein
content in limu during storage.

Initial work on different modified-atmosphere packages has just started. In addition,
the first run with high-pressure processing indicated that pressures higher than 150
MPa lead to rapid loss in thallus color.

Objective 4: Determine whether postharvest treatments can
minimize epiphytic growth.
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Preliminary work to evaluate different methods to evaluate epiphytic growth has
been undertaken and is continuing.

Materials and methods:
Material:  Limu were purchased from Hawaiian Marine Enterprises and deliv-
ered to Honolulu in the morning after harvest.  Limu were separated, placed in
plastic bags, and stored accordingly at various temperatures.

Subjective evaluation: Color and fresh weight loss: Overall condition was esti-
mated based on a scale of 0 to 3: 0=fresh condition, 1=slight loss of appearance,
2= moderate loss of appearance, and 3=severe loss of appearance. The color
change was ranked on a scale of 0 to 6: 0=no color change, 1=<10%, 2=10 to
30%, 3=30 to 60%, 4=60 to 90%, 5=90 to 99%, and 6= 100%. Color was also
measured with a Minolta Chromameter and expressed  in “a” and “b” values.

Ethylene production and respiration: Five hundred grams of limu in a plastic bag
were placed in a sealed container at room temperature. A 1-ml air sample was
taken from the head space at defined periods of time after sealing and analyzed for
ethylene production using a gas chromatography fitted with an alumina column
(75°C) and photoionization detector at 125°C and employing a carrier gas flow
rate of 25 ml/min. One ml of air from the head space was also injected into a CO2
infrared gas analyzer. Nitrogen gas was used as the carrier gas.

Phycobilin: Ten grams of limu were ground with 50 ml of 100mM phosphate
buffer (pH 7) in a Warning blender for one minute at medium speed. The homoge-
nate was centrifuged at 10,000 rpm for 15 minutes and the pellet discarded. The
absorption of aqueous extract was measured at OD564 and OD 497. Aliquots of
supernatant was used to measure the protein concentration using the Lowry method
of protein analysis.

Electrolyte Leakage: Ten grams of sample were washed with distilled water three
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times, placed in 50 ml of 0.6M mannitol solution, and subjected to constant shak-
ing. The conductivity was measured with an ion conductivity meter after one hour.
The tissue was then boiled for one hour in a water bath to release all electrolytes
and total conductivity was measured. The electrolyte leakage is represented as a
percentage of total conductivity.
Dry weight: Ten grams of tissue were dried at 80°C in an oven for two days, and
the dry weight was then measured.

Firmness: Individual thalli from each sample group were trimmed to 3 cm before
the compression reading was taken. Each point was the average of the measure-
ments of 35 thalli.

Work Planned

We will continue to try and reduce the large batch-to-batch variation in limu
postharvest response. To overcome this thallus-to-thallus variation, it maybe nec-
essary to increase sample size for each treatment and possibly increase the num-
ber of replications.

Objective 1: Ion treatments (ammonium and calcium).

This research will be expanded with our focus on postharvest dips and on Molokai
testing preharvest handling treatments. From our initial studies, a two-minute dip
had no impact; we will now test longer treatment times and different concentra-
tions of calcium and ammonium, with and without light.

Objective 2:  Storage temperature.

This objective has been largely completed.

Objective 3:  Modified-atmosphere storage.

The work under this objective has just started. We will focus on different packag-
ing methods using different initial concentrations of oxygen and carbon dioxide in
containers having different permeabilities. Since the respiration is relatively high
and because of the chilling sensitivity of the limu, the permeabilities of the container
and overwraps will be crucial.

Under this objective, we will continue to explore the potential applications of high
pressure processing. Different pretreatments will be tested along with different
processing pressures and temperatures.
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Objective 4: Epiphytic growth.

As soon as the evaluation method is selected, this objective will follow exactly as
outlined in the original proposal.

Publications in Print, Manuscripts, and
Papers Presented

None.

Impacts

The optimal storage temperature for Gracilaria salicornia is between 15 and
17°C. This storage temperature maintained quality, but did not extend the limu’s
shelf life. Initial testing using a two-minute postharvest dip in calcium and ammo-
nium did not extend shelf life. High-pressure processing results suggest that pres-
sures higher than 150 MPa lead to loss in thallus color. Studying the data has given
us a clear idea about the changes that do occur postharvest and what the best
measures of these changes are.


