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Abstract Three low-cost drying methods (sun, solar, and
draft oven) were optimized to produce Spirulina powder of
optimal quality. Optimization in the pre-dehydration stage
included the use of two antioxidants, α-tocopherol and
tertiary-butyl hydroquinone (TBHQ), and two blanching
methods, microwave and water bath, to inactivate enzymes.
The efficiency of the pre-dehydration treatments at mini-
mizing lipid peroxidation were evaluated in terms of the
product’s oxidative stability using the thiobarbituric acid
(TBA) test. The sample with the lowest TBA reactive
substance (TBARS) value was considered the most stable.
TBHQ was found to be significantly better than α-
tocopherol in minimizing lipid peroxidation in blanched
samples while α-tocopherol was better than TBHQ in
unblanched samples. Microwave blanching exerted a
greater stabilizing effect than water bath blanching. The

combined effect of TBHQ and microwave blanching was
found to be the most effective pre-dehydration treatment for
minimizing lipid peroxidation in drying Spirulina. Among
the three low-cost optimized drying methods, sun-drying
produced a dried product with the lowest TBARS value
(0.472 mg malondialdehyde.kg−1), which was closest to
that of the spray-dried (control) sample (0.434 mg MDA.
kg−1). Draft oven and solar drying produced dried products
with the same average TBARS value (0.56 mg MDA.kg−1).
Sun-drying, when optimized, produced a dried product that
was almost as stable as the spray-dried product.
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Introduction

Spirulina, a spiral-shaped cyanobacterium, is gaining
worldwide popularity as a food supplement (Belay 1997),
being one of the most nutritious, concentrated foods known
to man. It has been shown to be an excellent source of
proteins, vitamins, and minerals (Switzer 1980). Research
shows that among the cyanobacteria, Spirulina platensis
and S. maxima appear to be the only producer of γ-
linolenic acid (GLA).

Gamma linolenic acid (C18:3ω), a three double-bond
polyunsaturated fatty acid (PUFA) of the ω6 family, is a
precursor of arachidonic acid, which is required for the
formation of the lipid mediators that are, in turn, involved
in the control of the immune system (Gerster 1995; Gill and
Valivety 1997; Salem 1999). Hernandez (2001) reported
that S. platensis could alleviate the toxic side effects of
chemotherapeutic drugs used in cancer management. The
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author cited that the presence of phytocyanins in Spirulina
had been credited to induce hematopoiesis in the bone
marrow.

Gamma linolenic acid has been shown to be about 170-
fold more effective than linoleic acid at lowering serum
levels of low-density lipoprotein (Cohen 1997), and can
prevent accumulation of cholesterol in the body (Samuels et
al. 2002). It also has a positive effect on heart disease,
Parkinson’s disease, and multiple sclerosis. Moreover, it is
used in the treatment of atopic eczema, and in alleviating
the symptoms of premenstrual syndrome. Remirez et al.
(2002) observed that Spirulina exerted a significant anti-
arthritic effect, which they attribute partly to previously
reported anti-inflammatory and anti-oxidative properties of
its phycocyanin. Parikh et al. (2001) reported that type-2
diabetes mellitus patients given Spirulina supplementation
for 2 months experienced an appreciable lowering of
fasting blood glucose and postprandial blood glucose
levels, and improved long-term glucose regulation. Triglyc-
eride, total cholesterol and low-density lipoprotein choles-
terol levels were also significantly lowered, coupled with a
marginal increase in the level of high-density lipoprotein
cholesterol. These findings suggest the beneficial effect of
Spirulina supplementation in controlling blood glucose
levels and in improving the lipid profile of subjects with
type 2 diabetes mellitus.

Spirulina entered the Philippine functional food market
several years ago. The most popular brands include
Provimin, Spirutein and Spirulina Cereal. Users attest to
its effectiveness at preventing and/or curing a variety of
illnesses, particularly hypertension, cardiovascular diseases,
and cancer. Samuels et al. (2002) found that Spirulina helps
reduce the increased levels of lipids in patients with
hyperlipidemic nephrotic syndrome. The price, however,
is prohibitive, reaching as much as Php20,000 per kilogram
of the capsule (US$1.00=Php45.00 as of May 22,2007).
Based on this premise, government agencies, academic
institutions, and entrepreneurs have put much effort into
exploring the possibility of optimizing the growth, process-
ing, and utilization of Spirulina in the country. Some of the
reported studies include those of Baldia et al. (1990, 1995),
Sapin et al. (1993), and Zafaralla et al. (1985, 1989). The
study by Talorete et al. (1999), in particular, established
parameters for the low-cost production of S. platensis. The
technology was intended for small farmers, as it does not
require a large capital outlay. However, the processing of
products of marketable quality presents a great problem.

Various drying methods differ in the extent of both
investment and energy requirement. The selection of a
particular drying method therefore depends on the scale of
operation and final use of the dried product. At present,
small-scale entrepreneurs commercially dry Spirulina
using solar and oven/cabinet drying, while large-scale

producers use spray drying. Spray drying produces high
quality products with high bioavailability, while solar and
oven/cabinet drying frequently result in products of low
and often inconsistent quality with low bioavailability
(Becker 1994).

Spray drying is too costly for small entrepreneurs. It can
account for up to 30% of the total cost of algal production.
The Department of Science and Technology ITDI in the
Philippines installed a spray dryer for this purpose, but the
service charge is still prohibitive, not to mention the distance
to be traveled just to use the facility. Hence, it is a major
economic limitation to the production of low-cost algal
products and a significant factor even in the case of higher
value products.

When optimized, low-cost drying methods (sun, solar
and draft oven-drying) have the potential to approach the
advantages derived from spray drying in terms of quality
and bioavailability at a lower cost. The development of an
optimized drying process would therefore encourage farm-
ers/entrepreneurs to grow Spirulina, as this will give them
the assurance that they can produce dried Spirulina of
marketable quality. As a result, the country can save a
tremendous amount of money spent on the importation of
this very expensive commodity. Malnourished individuals,
particularly those from the low-income groups, could
benefit more from its nutritional contribution and therapeu-
tic effects. Wider applications can likewise be made
feasible with a cheaper, locally available product. For
example, Spirulina provides complete nutrition for aquar-
ium fishes and other pets.

This study aims to compare the efficiency of two
antioxidants (α-tocopherol and tertiary-butyl hydroquinone
[TBHQ]), and two blanching methods (water bath and
microwave blanching) as pre-dehydration treatments at
minimizing lipid peroxidation in Spirulina; to identify
which combination of antioxidant/blanching method is the
most efficient at minimizing lipid peroxidation, and to
determine which of the optimized drying methods produces
the most stable (lowest peroxide value) product.

Materials and methods

The raw material was obtained from the project of Dr.
Lourdes Cruz at Jasaan, Misamis Oriental. The Spirulina
platensis isolate MI2 was grown in an outdoor raceway with
seawater-based media formulated by the project, designated
CBMS Medium. The initial pH and salinity of the growth
media were adjusted to 8.8 and 25 ppt respectively. Ambient
temperature was an average of 30±5°C.

Spirulina was harvested with a 300-mesh nylon net and
washed in two changes of potable water to rid the cells of
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salt and media residues. The slurry was chilled during
transport to the laboratory.

Raw material characterization

The Spirulina slurry used in the physico-chemical, micro-
biological, and proximate analyses was freeze-dried on the
same day it was harvested. The dried raw material was
analyzed and characterized according to the parameters
suggested by Vonshak (1997); for heavy metal content
(mercury by the AOAC method, lead and cadmium by
atomic absorption spectrophotometry), protein (by the
Kjeldahl method using Tecator 1030 Auto Analyzer), ash
(ashing in the Yamato FP31 muffle furnace at 550°C),
moisture (wet and dry using the Eyela FD-81 freeze dryer
and the Yamato DN83 constant temperature oven set at
70°C respectively), crude fat (AOAC Soxhlet extraction
using SF-6 apparatus). The fatty acid profile was deter-
mined using gas chromatography. In addition, the presence
and amount of iron was established because of its catalytic
role in lipid peroxidation. Iron and calcium were deter-
mined by atomic absorption spectrophotometry.

Dried Spirulina samples were likewise subjected to
microbial assay for coliforms, and the yeast and mold
counts using BAM-AOAC methods. The sensory quality of
the dried sample was likewise evaluated in terms of color
and taste by a laboratory panel.

Optimization of pre-dehydration treatments

There are several choices for enzyme inactivation as well as
antioxidants, but the question of which of these can provide
adequate protection at a reasonable cost was the focus of
the optimization study. The seven treatments, representing
the different antioxidant/enzyme inactivation methods and a
control, were designated as follows:

1. Treatment 1—tocopherol + water bath blanching
(TWB)

2. Treatment 2—tocopherol + microwave blanching
(TMB)

3. Treatment 3—tocopherol + no heat treatment (TCtrl)
4. Treatment 4—TBHQ + water bath blanching (TBWB)
5. Treatment 5—TBHQ + microwave blanching (TBMB)
6. Treatment 6—TBHQ + no heat treatment (TBCtrl)
7. Treatment 7—control: no antioxidant, no heat treatment

The DL-α form of tocopherol was used because it is the
principal antioxidant used in vegetable oils, is cheaper and
readily available, besides being efficient at high levels of
oxygen pressure. TBHQ was likewise chosen because of its
effectiveness at providing oxidative stability to crude and
polyunsaturated oils, especially vegetable oils (Giese 1996).

Both of the antioxidants used were of food grade. Figure 1
presents the flowchart for the optimization of the pretreat-
ment process.

Antioxidant preparation and dispersion

Stock solutions of DL-α tocopherol and TBHQ were
prepared in absolute ethanol. The amount of antioxidants
added (0.03% for tocopherol and 0.02% for TBHQ) were
based on the predetermined crude fat content of dried
Spirulina (about 6%). Each of the required aliquots of
antioxidant was diluted with 50 ml of deionized water to
facilitate its dispersion in the thick slurry. Each of the two
antioxidants was dispersed separately into the 450 g of
slurry and blended for 5 min at speed 4 in an Oster kitchen
blender before subdividing the slurry into three equal
portions allocated to the two blanching treatments and a
corresponding no blanch control. Treatment 7 represented
the samples without antioxidant and heat treatment.

Enzyme inactivation

The following figures present flowcharts for the water bath
(Fig. 2) and microwave (Fig. 3) blanching of Spirulina. In
water bath blanching, the slurry was heated to 80°C for
3 min as suggested by Giese (1992). An equivalent process
for microwave blanching was done by setting the power
and time control at “high” and 3 min respectively.

Drying of pretreated samples

The blanched slurry was immediately dried in a constant
temperature draft oven (Yamato DN 83) set at 65°C, to a
constant weight (about 7% moisture content). Drying trays
were placed in the oven in random positions and interchanged
three times during the drying period. Dried samples were
immediately subjected to the TBA test for lipid peroxidation.

TBA test

The TBA/TCA stock reagent was prepared by mixing 15%
w/v trichloroacetic acid (TCA), 0.375% w/v thiobarbituric
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Fig. 1 Flowchart for the development of an optimal pre-dehydration
treatment for minimum lipid peroxidation in Spirulina. TBHQ tertiary-
butyl hydroquinone, TBA thiobarbituric acid
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acid (TBA), and 0.25N hydrochloric acid. The solution was
mildly heated to facilitate the dissolution of the thiobarbi-
turic acid. Both reagents used were of analytical grade.

Spirulina powder (0.4 g) was placed in a 10-mL test tube
and vortexed with 5 mL of deionized distilled water for 15 s.
Butylated hydroxyanisole (50 μL, 7.2%) and TBA/TCA
stock solution (2 mL) were added to the sample, vortexed for
15 min, and then incubated in a boiling water bath for 15 min
to develop color. Samples were cooled in iced water for
10 min and centrifuged for 15 min at 2,000 g. Absorbance of
the resulting supernatant was determined at 531 nm against
a blank containing 1 mL of deionized distilled water and
2 mL of TBA/TCA stock solution. The TBARS value,
expressed as milligrams of malonyldialdehyde (MDA) per
kg of sample, was calculated using a molar extinction
coefficient of the standard (1.56×10°M−1 cm−1).

Selection of best drying method for optimally
pretreated Spirulina

The combined antioxidant/enzyme inactivation pretreat-
ment method that gave the lowest TBARS value was used
in the preparation of another batch of samples that were
subjected to sun, solar, and cabinet drying to constant
weight (7±0.2% moisture content). Figure 4 presents the
flowchart for the determination of the best drying method.

Their corresponding TBARS values were analyzed and
compared with that of the spray dried sample.

The Spirulina slurry used in the three low-cost drying
methods was subjected to the best pre-dehydration treat-
ment, then poured into plastic-lined trays to a depth of
0.5 cm. The samples were dried to a constant weight. The
following figures present flowcharts for different methods
of drying Spirulina, such as: sun (Fig. 5), solar (Fig. 6), and
cabinet drying (Fig. 7).

For solar drying, a solar dryer as described by Becker
(1994) was used to for a temperature range of 50–55°C.

A control batch of Spirulina was dried using a Niro
spray dryer equipped with an electric air hose, a 24-vessel
centrifugal atomizer, and a peristaltic pump for delivering
the sample to the atomizer. Inlet air temperature was set at
225°C, while the exhaust temperature was maintained at
100°C. Drying time was adjusted to about 20 s by
controlling the flow rate of the suspended Spirulina sample
to the atomizer. Dried samples were subjected to the TBA
test following the procedure described above. The drying
method with the lowest TBARS value was considered the
best drying method.

Results

Physico-chemical and microbiological evaluation
of the raw material

The results of the physico-chemical and microbiological
analyses are presented in Table 1. Heavy metal determina-
tion revealed significantly negligible amounts of mercury
and lead in the sample. The iron content was 0.10%. Total
coliform count determination yielded negative results. The
freshly harvested Spirulina had a dark green color and mild
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Fig. 4 Flowchart for the determination of the best drying method for
Spirulina
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Fig. 5 Flowchart for the sun
drying of Spirulina
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Fig. 3 Flowchart for the micro-
wave blanching of Spirulina
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Fig. 2 Flowchart for the water bath blanching of Spirulina
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taste, and was shown to contain 67.9% protein, and 5.7%
ash. The crude fat/lipid content of freeze-dried Spirulina
was 6.017% by Soxhlet extraction and 6.15% by gas
chromatography.

Comparative efficiency of antioxidants at minimizing lipid
peroxidation

The effects of different antioxidants and blanching methods
as pre-dehydration treatments on lipid peroxidation in
Spirulina are presented in Table 2. In unblanched Spirulina,
α-tocopherol-treated samples had a significantly lower
mean TBARS value (0.73 mg MDA.kg−1) than TBHQ-
treated samples (0.83 mg MDA.kg−1). In blanched samples,
however, TBHQ-treated samples had significantly lower
mean TBARS values than α-tocopherol-treated samples.

Comparative effects of the two blanching methods

Water bath blanching

Antioxidant-treated Spirulina samples subjected to water
bath blanching (80°C for 3 min) had a generally higher
mean TBARS value than that of the corresponding
unblanched samples.

Microwave blanching

The mean TBARS value of Spirulina treated with TBHQ
and subsequently subjected to microwave blanching
(0.54 mg MDA.kg−1) was significantly lower than that for
its unblanched counterpart (0.83 mg MDA.kg−1). On the
other hand, the α-tocopherol-treated, microwave-blanched
Spirulina had significantly higher TBARS value (0.78 mg
MDA.kg−1) than its unblanched counterpart (0.73 mg
MDA.kg−1).

The results indicate that the use of TBHQ as an
antioxidant combined with microwave blanching for en-

zyme inactivation is the best option for minimizing lipid
peroxidation in Spirulina. On the other hand, in the absence
of a microwave the use of α-tocopherol with no subsequent
blanching is the next best option.

Table 1 Heavy metals content and microbiological counts of dried S.
platensis MI2 compared with values recommended by Vonshak (1997)
or, where indicated by a superscript letter, by the respective authority
indicated below

Heavy metal Actual content
(%)

Recommended
(%)

Mercury <0.000002 <0.00001
Lead <0.001 <0.002
Cadmium <0.0003 <0.0001
Proximate analysis
Protein 67.92 50–60
Ash 5.71 <10.0
Moisture
Wet 87.39 -
Dry 7.18 <7.00

Crude fat 6.017–6.15 6.80
Minerals
Calcium 0.22 0.70*
Iron 0.10 0.10*

Physical characteristics (observed)
Color Dark green Green to dark

green
Taste Mild Mild

Microbiological test
Total plate count, CFU/g 2.2×104 0.5×105 a

Yeast and mold count,
CFU/g

1.6×103 -

Coliform count, MPN/g Negative Negativeb

a Japan Health Food Association, b Ministry of Health, Sweden
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Fig. 7 Flowchart for the cabinet
drying of Spirulina

Spirulina slurry 
   

Subject to the “best” pre-dehydration treatment 
  

Pour onto plastic-lined aluminum trays, 0.5 cm thick
  

Load trays in solar dryer 
  

Solar-dry to constant weight 
  

TBA test 

↓ 

↓ 

↓ 

↓ 

↓ 

Fig. 6 Flowchart for the solar
drying of Spirulina

Table 2 Effect of different antioxidants and blanching methods
as pre-dehydration treatments on lipid peroxidation in Spirulina
(mg MDA.kg−1)

Antioxidant TBARS values (mg MDA.kg−1) Total Mean

R1 R2 R3

Water bath blanching
Tocopherol 1.16 1.08 1.00 3.24 1.08a

TBHQ 0.91 0.94 0.88 2.73 0.91b

Microwave blanching
Tocopherol 0.78 0.86 0.70 2.34 0.78c

TBHQ 0.51 0.58 0.54 1.63 0.54e

No blanching
Tocopherol 0.68 0.78 0.73 2.20 0.73d

TBHQ 0.83 0.91 0.74 2.48 0.83b

TBARS: thiobarbituric acid reactive substance; TBHQ: tertiary-butyl
hydroquinone; MDA: malondialdehyde
Means with the same letter superscripts are not significantly different
from each other according to Duncan's multiple range test at a 5%
level of significance
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Evaluation and selection of the best drying method

The effects of the pre-dehydration treatment and different
drying methods on lipid peroxidation in Spirulina are
presented in Table 3. In draft oven and sun dried Spirulina,
TBARS values of 0.56 and 0.47 mg MDA.kg−1 respective-
ly were obtained from TBHQ microwave blanching treated
samples versus 0.65 and 0.49 mg MDA.kg−1 respectively
for the untreated counterparts. No significant enhancement
in oxidative stability was observed in treated solar dried
samples.

Spray-dried Spirulina had a significantly lower TBARS
value than samples dried using the three low-cost drying
methods. Sun-dried Spirulina had a TBARS value (0.47 mg
MDA.kg−1) closest to that of the spray-dried sample
(0.43 mg MDA.kg−1).

Discussion

Physico-chemical and microbiological evaluation
of the raw material

The physico-chemical and microbiological analyses
revealed that freshly harvested S. platensis MI2 biomass
meets international quality standards for food-grade Spi-
rulina. Proximate analyses revealed that the freshly
harvested biomass conforms to set standards for biochem-
ical quality. The higher value obtained for cadmium may be
due to instrumental limitations, since the analyzer used
could only detect cadmium up to 0.0003% and not
quantities below 0.0001%, which is the lower limit
specified by Vonshak (1997). The negative coliform count
indicates that the freshly harvested biomass is micro-
biologically safe for human consumption.

The crude fat/lipid content of freeze-dried Spirulina
determined by Soxhlet extraction closely agreed with
values obtained by gas chromatography. Although Spi-
rulina may not be considered a lipid-rich food, its high
PUFA content, which was found to be unique for this

microalga, makes it a valuable source of the ω6 series of
essential fatty acids, particularly GLA.

Comparative efficiency of antioxidants at minimizing lipid
peroxidation

Alpha-tocopherol is more effective at minimizing lipid
peroxidation in unblanched Spirulina while TBHQ is more
effective in blanched samples. In unblanched Spirulina, the
significantly lower mean TBARS value obtained from α-
tocopherol-treated samples compared with TBHQ-treated
samples implies that α-tocopherol is more effective than
TBHQ at minimizing lipid peroxidation. Min and Bradley
(1992) and Elliott (1999) explained that α-tocopherol can
work both singly and synergistically with β-carotene when
used as a free radical scavenger to minimize or retard lipid
peroxidation. Spirulina contains 2.1 mg β-carotene per
gram (Belay 1997), suggesting a possible synergistic effect.

In blanched Spirulina, significantly higher mean TBARS
values obtained from α-tocopherol-treated samples com-
pared with TBHQ-treated samples indicate that the effi-
ciency of α-tocopherol as an antioxidant was adversely
affected by the heat treatment. Tocopherol has an energy of
activation (Ea=9–13) falling within the range for lipid
oxidation (Ea=10–25). This means that its degradation is
almost as temperature-dependent as the lipid it is supposed
to protect, so that both are degraded simultaneously.

Although free tocopherols are generally stable in heat in
the absence of oxygen, these can be oxidized by atmo-
spheric oxygen in unsaturated lipid systems in the presence
of light, heat or metal ions (Elliott 1999; Huber et al. 1995;
Floros 1992; Villota and Hawkes 1992). Physico-chemical
analysis revealed that Spirulina is rich in unsaturated fatty
acids and iron. Frankel (1984) pointed out that transition
metals with a redox potential, such as iron, catalyze
autoxidation by promoting the initiation step in the chain
reaction, or may inhibit antioxidative action.

Tertiary-butyl hydroquinone, on the other hand, appears
to be heat-stable, thus providing better protection to lipids
in blanched Spirulina.

Comparative effects of the two blanching methods

Water bath blanching

Ahn et al. (1995) explained that heating, as in water bath
blanching, causes cellular structural damage and subsequent
thermal maceration that enhances the contact of oxygen
with membrane lipids, which accelerates lipid peroxidation.
Lamb (1986) likewise pointed out that heat causes
oxidation of labile nutrients when the temperature used
disrupts tissues, but does not inactivate enzymes, causing
the enzymes and substrates to mix. The longer time

Table 3 Effect of pre-dehydration treatment and different drying
methods on lipid peroxidation in Spirulina (mg MDA.kg−1)

Drying method Pre-dehydration treatment

Treated Untreated (control)

Draft oven 0.56b 0.65a

Solar 0.56b 0.54b

Sun 0.47d 0.49c

Spray (control) 0.43e

Means with the same letter superscripts are not significantly different
from each other according to DMRT at a 5% level of significance
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associated with conventional water-bath blanching of thick
slurries (4 min in this case) provided sufficient time for
enzymes to accelerate lipid peroxidation and cause damage
in the food material before being inactivated.

Microwave blanching

Microwave blanching enhanced the oxidative stability of
TBHQ-treated, but not α-tocopherol-treated Spirulina. This
suggests that microwave heating diminishes the antioxidant
activity of α-tocopherol.

Oxidative stability of TBHQ-treated Spirulina was most
likely enhanced by rapid enzyme inactivation. Mullin (1995)
reported that microwaves deliver a more homogenous heat
treatment taking less time to come up to the desired process
temperature than conventional heating. Likewise, Giese
(1992) stated that the high rate of heat transfer for a
specified level of enzyme destruction would be expected to
result in reduced losses of heat-sensitive nutrients. These
findings agree with Klein’s (1986) observation that in about
half of the studies on microwave cooking, nutrient retention
was higher than in conventional cooking.

These results indicate that the best pretreatment for
minimizing lipid peroxidation in Spirulina is to use TBHQ
as an antioxidant and microwave blanching for enzyme
inactivation.

Evaluation and selection of the best drying method

Pretreatment of Spirulina enhanced the oxidative stability
of draft oven and sun-dried, but not solar dried samples.
The effect of photosensitized degradation in sun drying
seems to be less extensive compared with the effect of the
longer drying time in solar drying and higher temperature in
draft oven drying. Drying took 12–14 h in the solar dryer,
compared with 8–10 h in sun drying. On the other hand, the
draft oven temperature was 65°C compared with the
average sun-drying temperature of 45°C.

Spray drying has the advantage of an extremely short
drying time with minimal exposure to heat and oxygen
(Becker 1994), which resulted in a significantly lower
TBARS value than that obtained from the three low-cost
drying methods. That TBARS value obtained from sun-
dried Spirulina was closest to the spray-dried sample,
suggests that sun drying, when optimized, produces a
product that is almost as stable as the spray dried samples.
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