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Abstract The main objective of this study was to eval-

uate the stability of astaxanthin after drying and storage at

different conditions during a 9-week period. Recovery of

astaxanthin was evaluated by extracting pigments from the

dried powders and analysing extracts by HPLC. The

powders obtained were stored under different conditions of

temperature and oxygen level and the effects on the deg-

radation of astaxanthin were examined. Under the experi-

mental conditions conducted in this study, the drying

temperature that yielded the highest content of astaxanthin

was 220�C, as the inlet, and 120�C, as the outlet temper-

ature of the drying chamber. The best results were obtained

for biomass dried at 180/110�C and stored at -21�C under

nitrogen, with astaxanthin degradation lower than 10%

after 9 weeks of storage. A reasonable preservation of as-

taxanthin can be achieved by conditions 180/80�C, -21�C

nitrogen, 180/110�C, 21�C nitrogen, and 220/80�C, 21�C

vacuum: the ratio of astaxanthin degradation is equal or

inferior to 40%. In order to prevent astaxanthin degradation

of Haematococcus pluvialis biomass, it is recommended

the storage of the spray dried carotenized cells (180/1108C)

under nitrogen and -21�C.
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Introduction

Astaxanthin (3,30-dihydroxy-b,b-carotene-4,40-dione) is

widely distributed in aquatic animals. It is the main pig-

ment in salmonids, crustaceans, some higher plants and in

the yeast Xanthophyllomyces dendrorhous (Phaffia rho-

dozyma). Astaxanthin is at least partly present in most

plant and animal materials as esters of higher fatty acids.

This is also the case of the unicellular microalga H.

pluvialis, which is able to biosynthesise and accumulate

astaxanthin in concentrations up to 5% (more frequently

1–3%) of its ash free dry weight. Approximately 90% of

this astaxanthin exists in form of mono- and diesters

(Harker et al. 1996; Lorenz and Cysewski 2000). For this

reason, H. pluvialis is a good natural source of astaxan-

thin to be included in feeds for fish and crustaceans in

aquaculture. On the other hand, as salmonids cannot

synthesise carotenoids de novo, the reddish colour of their

flesh depends mostly on dietary supplements, especially

those containing carotenoids.

Several techniques were already tested in order to

evaluate the effects on the recovery of astaxanthin from H.

pluvialis (Mendes-Pinto et al. 2001). In this study, spray

drying produced the highest carotenoid content biomass.

Another study also showed that spray drying can be used

without excessive degradation of carotenoids (Leach et al.

1998). Nevertheless, after obtaining the microalgae dried

biomass, it has to be stored until used and/or incorporated

in fish/crustacean feeds. There is scarce information pub-

lished about this subject.

In this work, H. pluvialis encysted cells, rich in asta-

xanthin, were spray-dried at different temperatures and

stored under different conditions. The pigment degradation

of these powders was evaluated during a storage period of

9 weeks.
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Materials and methods

Cultures

Haematococcus pluvialis (34/7 strain of CCAP, Winder-

mere, UK) cells were batch cultivated in Bold’s Basal

Medium (Nichols and Bold 1964) in glass flasks of 10 L in

a chamber with control of light and temperature. Cultures

were kept at constant temperature (21�C) and light inten-

sity (45 lmol photon.m-2 s-1), and a photoperiod of 12 h

light/12 h dark. Agitation of the cultures was performed by

gently bubbling of filtered compressed air. When the sta-

tionary phase of growth was achieved, cultures were

transferred to another chamber with constant temperature

(35�C) and continuous light (80 lmol photon.m-2 s-1), to

induce carotenogenesis of cells, for a 7-week period.

Before spray drying, cells were harvested and centrifuged

(10 min, 1,000 g) to concentrate the biomass.

Spray drying

Carotenised cultures of H. pluvialis were spray dried using

a Niro Atomiser Mobile Minor Unit. Characteristics and

the ways to adjust temperatures are described elsewhere

(Leach et al. 1998). Four drying experiments were

accomplished; bottles used to collect the powders were

always covered with aluminium foil in order to prevent

major degradation of pigments. Drying inlet/outlet tem-

peratures tested were (�C) I-220/120; II-220/80; III-180-

110; IV-180/80. Experiments were carried out twice.

Determination of water content and ash free dry weight

For evaluation of the dry weight, a precise weighed amount

of powder was dried overnight, at 105�C, until constant

weight was achieved. Determination of ashes was achieved

after transferring the sample dried at 105�C to an oven at

550�C for 1 h. All determinations were executed in tripli-

cate. Dry weight and ashes were evaluated in the concen-

trated biomass (before drying) and immediately after each

drying assay.

Water content and ash free dry weight (AFDW) were

calculated.

Storage of the dried powders

The powder collected from each drying experiment was

divided in aliquots of 100 mg and introduced in amber

glass vials of 20 ml capacity. All flasks contained

approximately the same quantity of powder to ensure equal

headspace volume in all samples. These flasks were further

grouped in four sets, each with the same number of vials.

Storage conditions are indicated in Table 1.

For two of the sets (A and B), nitrogen gas (type C45,

with a residual O2 concentration of 4 vpm and a residual

water of 3 vpm) was flushed into the glass vials for 1 min,

in order to guarantee the removal of air. Samples that were

stored in normal air (C) were packed in similar glass flasks

also with similar Teflon caps. A MULTIVAC Gastriovac

machine (Multivac Sepp Haggenmüller KG) was used to

create vacuum in one set of the flasks (D); conditions were

set-up in order to obtain a vacuum level of 3 mbar. The

gathering of samples for pigment analyses was made by

picking up two flasks at random from each storing chamber

every fortnight with the exception of the samples stored at

21�C under normal air (in this case a sample was taken

every week). The total time of storage was 9 weeks.

Carotenoid extraction and analyses

Solvents used for extraction were ethanol and diethylether

(1:1 v/v), both from Merck. Complete extraction of

carotenoids was performed on concentrated biomass (1 ml)

and on spray-dried samples (30 mg powder). Rupture of

cell walls was achieved by adding glass beads of 2 mm

diameter to the extraction tubes, and subjecting them to

vortexing (Heidolph Reax 2000—1 min, speed 7), ultra-

sound (Bandelin Sonorex, 0.6A; 35 kHz—15 min) and

centrifugation (5 min at 1,000 g). Extracts were filtered

through a cotton wool filter to remove cell debris, and

evaporated to dryness under a constant flow of oxygen-free

nitrogen.

Sample extracts were redissolved in acetone (Merck)

and the spectrum analysed between 400 and 700 nm using

a UV–Vis 1601 Shimadzu spectrophotometer. The absor-

bance of solutions in the same solvent was registered at

476 nm to calculate astaxanthin concentration using an

extinction coefficient of 2100.

Acetone extracts were injected in a Beckman Gold

HPLC System unit equipped with a diode array detector for

continuous monitoring of peaks. Carotenoids were sepa-

rated by a Vydac 201TP54 reverse phase C18 (5 lm)

column (0.46 9 25 cm) (The Separation Group, Hesperia)

A solvent gradient of acetonitrile (UV gradient, Romil)-

water (9:1 v/v) (solvent A) and ethyl acetate (Riedel-de

Haën) (solvent B) was employed: 100% of solvent A at

0 min to 100% of solvent B at 30 min, until 35 min.

Standard of astaxanthin (Sigma Chemicals) was also ana-

lysed for comparison of retention times.

Table 1 Storage conditions of the H. pluvialis dried powder

Condition A B C D

Storage condition N2

-21�C

N2

21�C

Air

-21�C

Vacuum

21�C
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Statistical analysis

Statistical analysis was performed using Statistica 6.0

(StatSoft Inc.). Significance between means (one-way

Anova) was assessed by the post-hoc Tukey’s Honest

Significant Difference (HSD) test. Values were considered

significantly different at P \ 0.05.

Results and discussion

All drying experiments yielded dark red free flowing

powders with different water contents (P \ 0.05)

(Table 2). However, no differences were detected among

the ash free dry weight contents for the different experi-

ments. The astaxanthin content was higher for drying

experiments at 220�C than at 180�C (P \ 0.05) (Table 2).

Despite working with different temperatures and materials,

Niamnuy et al. (2008) also observed that higher drying

temperatures led to higher contents of astaxanthin.

Ratio of astaxanthin degradation represents the amount

of astaxanthin lost along the time of storage divided by the

initial astaxanthin concentration in the biomass (after

drying). Ratio of astaxanthin degradation along the storage

time was adjusted with a polynomial model of the 2nd

order, as the expression

ratio of astaxanthin degradation ¼ a � t2 þ b � t þ c;

where t is the storage time (in weeks) and a, b, c are the

coefficients of the model (Table 3). However, in case IVA

(Fig. 1), a linear model fitted better the data (R2 = 0.99),

being a simpler representation of the tendency, and in case

IIIA (Fig. 1) no adjustment was possible as the degrada-

tion was detectable only after 6 weeks of storage. The 1st

derivative of this model, given by 2a*t ? b (g/kg AFDW/

week-1), represents the rate of astaxanthin degrada-

tion. The absolute value of the 2nd derivative of the

model, given by |2a| (g/kg AFDW/week-2), represents the

acceleration of the degradation suffered by the dried

powders.

Table 3 Curves of tendency for the ratio of astaxanthin degradation (at2 ? bt ? c), rates of astaxanthin degradation (2at ? b) and constants for

the acceleration of degradation (2a), for different conditions of storage of powders, obtained with different spray drying temperatures

Storage

condition

Curve of

tendency

R2 Rate of degradation

(g/kgAFDW/week)

Acceleration of degradation

(g/kgAFDW/week2)

IA -0.0025t2 ? 0.079t - 0.0269 0.94 -0.005t ? 0.0789 0.005

IIA 0.0035t2 ? 0.022t ? 0.0224 0.98 0.007t ? 0.022 0.007

IIIA – – – –

IVA 0.0396t ? 0.0022 0.99 – 0.000

IB -0.0085t2 ? 0.1272 ? 0.02 0.98 -0.017t ? 0.1272 0.017

IIB -0.006t2 ? 0.1141t - 0.0084 0.996 -0.012t ? 0.1141 0.012

IIIB -0.0045t2 ? 0.0847t - 0.0019 0.999 -0.009t ? 0.0847 0.009

IVB -0.0065t2 ? 0.1415t ? 0.0396 0.96 -0.013t ? 0.1415 0.013

IC -0.004t2 ? 0.1168t ? 0.0246 0.91 -0.008t ? 0.1168 0.008

IIC -0.0055t2 ? 0.1123t ? 0.0131 0.97 -0.011t ? 0.1123 0.011

IIIC 0.006t2 ? 0.0648t - 0.0367 0.96 0.012t ? 0.0648 0.012

IVC -0.013t2 ? 0.1985t - 0.0098 0.99 -0.026t ? 0.1985 0.026

ID -0.003t2 ? 0.1229t ? 0.0043 0.998 -0.006t ? 0.1229 0.006

IID -0.006t2 ? 0.0949t - 0.0131 0.93 -0.012t ? 0.0949 0.012

IIID -0.004t2 ? 0.0838t ? 0.0096 0.98 -0.008t ? 0.0838 0.008

IVD 0.0005t2 ? 0.082t ? 0.017 0.96 -0.001t ? 0.082 0.001

Table 2 Water content, ash

free dry weight (AFDW) and

astaxanthin content of the dried

powders

Drying

condition

Inlet

temperature

(�C)

Outlet

temperature

(�C)

Water

content

(%)

AFDW

(g/kg)

Astaxanthin

content

(g/kg AFDW)

I 220 120 9.3 ± 1.0 b 464 ± 4 a 6.2 ± 0.6 a

II 220 80 3.6 ± 0.2 c 566 ± 24 a 4.6 ± 0.3 b

III 180 110 11.4 ± 2.0 ab 612 ± 14 a 3.3 ± 0.4 c

IV 180 80 14.0 ± 3.0 a 604 ± 3.5 a 3.5 ± 0.2 c
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The acceleration of the astaxanthin degradation is a

convenient indicator of the best storage conditions of the

biomass, for the 16 different situations studied.

As it was expected, results of the acceleration of asta-

xanthin degradation (Table 3) show that, at freezing tem-

peratures (-21�C) and under a nitrogen atmosphere

(storage condition A), the degradation of astaxanthin is

very slow (Fig. 1).

Figure 1A represents the pigment degradation of the

dried biomass stored under nitrogen and -21�C. Stored

under this condition, cells dried with an inlet temperature

of 180�C and an outlet temperature of 110�C, are

remarkably more stable than the other powders: astaxan-

thin degradation was \3%, even after 6 weeks of storage

(Table 4 and Fig. 1). Powders with lower water content

(conditions I and II, Tables 2 and 4) presented a faster

degradation than the ones with higher water content (con-

ditions III and IV). Perhaps the wet character of the III and

IV powders could somehow prevent the degradation under

these conditions (Table 4).

When comparing the results of the astaxanthin degra-

dation for the powders stored under -21�C (A) and 21�C

(B), both under nitrogen, the effect of temperature in the

oxidation process is evident: the degradation is higher at

21�C. After a 9-week period of storage under 21�C, deg-

radation of astaxanthin varied between 30 and 80%

(Table 4 and Fig. 1B). As it happened for the condition A,

acceleration of astaxanthin degradation was lower for

powders with an intermediate water content (condition

IIIB, Table 4). This observation is in agreement with the

models available in the literature for b-carotene degrada-

tion (Lorenz and Cysewski 2000; Tanaka et al. 1994; Foss

et al. 1984; Torrisen 1989). As there is some lack of ref-

erences for astaxanthin stability in dried systems, b-caro-

tene models seem to be the only ones available for

comparison.

Although observation of the powders at the microscope

showed that the majority of Haematococcus cells resisted

the drying process, acting as a natural protector of their

pigments, this characteristic was not sufficient when the

Fig. 1 Astaxanthin degradation

in the biomass dried at

temperatures of 220/120�C

(I, diamonds), 220/80�C

(II, squares), 180/110�C

(III, triangles) and 180/80�C

(IV, crosses) and stored under:

A nitrogen and –21�C,

B nitrogen and 21�C, C normal

air and 21�C, D vacuum and

21�C. Lines represent the

tendency of astaxanthin

degradation

Table 4 Constants for the

acceleration of astaxanthin

degradation with time (week-2)

* Degradation was only

detectable after 6 weeks of

storage

Storage condition Drying temperatures (inlet/outlet)

220/120�C (I) 220/80�C (II) 180/110�C (III) 180/80�C (IV)

A -21�C Nitrogen 0.005 0.007 * 0.000

B 21�C Nitrogen 0.017 0.012 0.009 0.013

C 21�C Air 0.008 0.011 0.012 0.026

D 21�C Vacuum 0.006 0.012 0.008 0.001
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powders were stored under 21�C and normal air (Fig. 1C).

In this case, both temperature and oxygen contributed to

the degradation of astaxanthin, which was always higher

than 40% after 6 weeks of storage, with the highest

acceleration observed for condition IVC (Table 3).

Except for the value obtained for condition IID

(Table 4), whose constant for the acceleration of astaxan-

thin degradation was not much different from condition

IIC, degradation of pigments were always lower for sam-

ples stored under nitrogen (D) than for those stored under

normal air (C). These results are supported by Niamnuy

et al. (2008), who also observed, despite the different

temperatures they worked with, that degradation of pig-

ments was lower under nitrogen than under normal air.

Besides the best results obtained for biomass dried at

180/110�C and stored at -21�C under nitrogen (condition

IIIA), a reasonable preservation of astaxanthin can be

achieved by conditions IVA (180/80�C, -21�C nitrogen),

IIIB (180/110�C, 21�C nitrogen), and IID (220/80�C, 21�C

vacuum): the ratio of astaxanthin degradation is equal or

inferior to 40% at the end of 9 weeks of storage.

Conclusion

In order to prevent astaxanthin degradation of Haemato-

coccus pluvialis biomass, it is recommended the storage of

the spray dried carotenized cells (180/110�C) under nitro-

gen and -21�C. Nevertheless, other conditions of storage

can also be used to prevent major astaxanthin degradation,

such as vacuum at 21�C.
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