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Spray-drying of Dunaliella salina to produce a f-carotene rich
powder
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Powders of Dunaliella salina biomass were obtained by spray drying a cell concentrate under different drying
regimes. A three-factor, two-level experimental design was employed to investigate the influence of inlet tempera-

ture, outlet temperature and feed solids on B-carotene recovery. The effect of microencapsulation in a polymer
matrix of maltodextrin and gum arabic was also studied. All powders were stored under specific conditions to assess

the stability of the native  B-carotene. There was a trend indicating that lower outlet temperature yielded higher
carotenoid recoveries, -carotene recovery varying between 57% and 91%. Microencapsulated biomass yielded
100% recoveries. All non-microencapsulated powders were unstable in terms of B-carotene content in the presence
of natural light and oxygen showing 90% degradation over a 7-day period. The incorporation of a microencapsulating

agent had a significant increase in the storage stability. Results indicated a first-order degradation of the B-carotene
in microencapsulated powders with kinetic constants of 0.06 day -1 and 0.10 day *. HPLC analysis showed no effect
of drying processes on isomer composition (9- cis-B-carotene and all-trans -B-carotene ratio). This behaviour was
also observed during storage of the microencapsulated powders.
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Introduction tene fromD. salina are based on vegetable oil enriched
: — : : : with algal carotenoid [8]. An alternative product is a spray-
Dunaliella salinais a motile unicellular alga belonging to n%ried biomass powderB-carotene is very susceptible to

the class Chlorophyceae. It can tolerate extreme variations " .. X .
. S X aro . xidative degradation. Indeed, it has been reported that
in salinity ranging from 0.2—35% [4], but is most frequently spray-drying using conventional air as the drying gas can

. : ) b 0
]::suggltnrg'z[aurrs?:gslgnrljaggﬁzy\tlchsﬂlglgegsae%ot\éealcoo{;’b?#g{i]r sult in 45% oxidation of carotenoids from an algal feed
: P . No work however has investigated the effect of differ-

of high salinity, high UV radiation and low nitrate nutrient ent drying regimes on carotenoid recovery during spray-

stressP. salinamassively accumulatg®-carotene at levels ! ; .
that calljn reach 10% on )6/1 dry Weightqﬁasis [2]—the highes?rymg' Spray-dry microencapsulation has been employed
0 improve the stability of carotenoids in paprika oleoresin

levels found in nature. In addition to being a natural orang(h] and carrot pulp [10]; the latter work also investigated

5;?anr:1?2tAB§arg:§r?tea:1§[i(;Qi?jarr?toztngﬁictg\r/]?iaﬁre%u[:Zc::cgrf-the effects of storage on theand 8 structural isomers. In
»ap ! P Y, the case oD. saling the relative stability of thecis and

E;?X,{eenrfg]?]agu&a;ﬁ%ﬂ%%i([;]" Zhﬁilﬂtézigigct))mﬂof?:n% nn I_t ans stereoisomers in the product is of key commercial
Roche since the 1950s: how%evés isomeric f)(/)rms such 'mportance. The objectives of this work are to investigate

; . v . the effects of processing conditions on arotene con-
as 9eis, present in approximately equal proportionsait tent and stere?)isomer c%mposition of sgify-dmecSalina

:;Zr;/stlr?usD.aizﬂrr]nau?a:(teeSrﬁgrlfalc:f?ggti\r/ne?;airllglr?irﬁgllut?s!guaen[c:js] biomass and determine the effects of microencapsulation to
jmprove the stability of the resultant powder.

In addition, a marketing advantage can be gained by label
ling a product as ‘natural’. Indeed natur@icarotene has
a market price approximately double that of the synthetidVaterials and methods
product. A recent work stated that at least five Compan'e%xperimenta/ design

e o e o g THeE mptant chying parameters o the recoveryif
' carotene during spray-drying dd. salina were investi-

svgeue(;snggrg:lfgng Olﬁ;gve\,}tsﬁgﬁ fc(;t;l;usvg]tclzr;( C'ngilfltgoorg Jgﬁg'ﬁated: the temperature of the drying air entering the dryer

y P > Or 'ag P ear the feed inlet (T inlet), the temperature of the air as

Or,\cjf,giacmﬁf%a" available products of natugataro- it leaves the dryer (T outlet), and the solids content of the

y P feed to the dryer (% solids w/w). A three-factor, two-level

experimental design was consequently employed involving
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D. salina culture an equal volume of algal concentrate with a 22.5% wi/v

A volume of 125 L of live carotenised culture originating polymer mixture of maltodextrin dextrose equivalent 12

from Culture Collection of Algae and Protozoa, Cumbria, (Roquette, France) and gum arabic (Merck, Germany) com-
UK and subsequently grown in outdoor raceway ponds irbined in the ratio 3.5 : 1. The higher cell content was neces-
the Algarve was supplied by Necton Lda (Belamandil,sary to compensate for dilution by the polymer mix and

Algarve, Portugal). The culture had a cell concentration ofalso to partially compensate for the significant increase in
0.8 x 10° cells mi?, a salinity of 18% NaCl w/w, and a solids levels causing a relative reduction in carotenoid as
pH of 8.5. It was transferred to four 50-L clear polythenea percentage of solids.

tubes located outside on the south side of the building in

Porto and agitated by gentle sparging of compressed air tﬂna/ sis
stabilise the culture and check its condition. Regular input Y

o CO, and deloised water maianed he o and salimy) 25,10 1 Sy aner and esulant pouder were drec
at their original values. Due to the extreme salinity, it was 9 '

not necessary to ensure the sterility of all inputs. The CuI_olds were extracted in triplicate from the feed and biomass

ture was maintained in this condition with no noticeableﬁgglde;? 4V¥'5hnriciﬁtgn;air&grgigmzeﬂ t?]%eggr?]%hgé?vmeﬁ:'
decline in cell viability as observed by microscopy for 5 . y A ffici f 2500. Powd |
days. The culture was then concentrated and washed by |O§Ismg_ an extinction coefficient o oY), FOwder samples
speed centrifugation at 2600g to a cell concentration of containing the microencapsulating mixture had to first be
20 x 10° cells mr. Feed solid levels were thus adiusted vigorously mixed and sonicated with deionised water prior

; ' X . i to extraction with acetone. Acetone extracts were evapor-
by desalting the culture using a centrifuge to salinities of

4% and 7% w/w, giving solids levels of 4.5% and 8.75% Z:ﬁgr len.dle ;nndltgr?jgei?egri]r?torgdésescg(l\rfgn Igo?;elgr::’afglg/lggr)g
m/g;/ Sr(()al'?é)ectlvely, salt was thus considered an inert buIk'equipped with a diode array detector. Carotenoids were sep-
) arated by a VYDAC 201 TP C18 reverse phase chromato-
graphy column (The Separations Group, Hesperia, CA,
USA). The column temperature was maintained atC30
The binary gradient was composed of methanol (solvent A)

iﬂd acetonitrile (solvent B). The course of the gradient was

Spray-drying

Concentrated feed suspensions were spray dried using
Niro Atomiser Mobile Minor Unit (Niro Atomiser, Copen-
hagen, Denmark). The dryer had a chamber diameter
0.8 m, and a rotating wheel atomiser which was operate(q - o : :
at 23000 rpm for all experiments. The inlet temperaturef in, followed by 100% A at 35.1 min for 20 min. The

. c o low rate was 0.7 ml mirt. Carotenoids were identified by
was fixed by adjusting the heater controls on the dryer, . . . : .
Outlet temperature is controlled by the feed input rate t comparison of retention time with standards provided by

; . L . _Roche (Basel, Switzerland) and by analysis of the absorp-
the dryer and was fixed by feeding deionised water prlo(jt?on spectra of the eluting peaks.

to the introduction of the algal feed. The drying conditions
used in the study are described in Table 1. During the dry-
ing experiments, the powder collection bottles wereB-carotene stability study
covered with aluminium foil to reduce the likelihood of After each drying, the glass vessels were allowed to equi-
post-drying photoxidation of the carotenoids during eacHibrate to room temperature. Subsequently, some of the
experimental run. Only powder collected in the glass col-powder was then transferred to 25-ml glass vials and
lection vessels was used for analysis and stability studieexposed to daylight in the laboratory. The average light
intensity to which the samples were exposed was
Microencapsulation 11.8 umol photon m? st. Samples were taken after day 2
Microencapsulation of a more highly concentrated algaland day 7 for carotenoid determination and thereafter
suspension (198 10° cells mr?) was carried out by mixing weekly for a 36-day period.

00% A for 5 min, 90% A and 10% B at 5.1 min for 30

Table 1 Effect of spray-drying conditions of-carotene recoveries iD. salinabiomass

Feed T inlet T outlet Powder solids B-carotene B-carotene B-carotene in

solids €C) (°C) (% wiw) (% w/w solids) recovery (%) starting material
(% wiv) (% wiw)
4.50 200 110 95.8%0.98 0.62+ 0.02 90.89 0.68
120 98.26+ 1.32 0.79: 0.04 76.23 1.04
265 110 95.2& 0.92 0.56+ 0.05 81.12 0.69
120 95.06+ 0.30 0.47+0.02 81.36 0.58
8.75 200 110 94.72 0.46 0.24+0.01 67.54 0.36
120 94.55+ 0.18 0.16+ 0.02 56.92 0.28
265 110 95.84 0.54 0.27+£0.01 90.33 0.30
120 94.61+ 0.15 0.34+0.02 82.93 0.40
15.43 200 120 98.830.17 0.21+0.01 100.00 0.21
265 120 98.150.20 0.22+0.01 100.00 0.22

aMlicroencapsulated.
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Statistical analysis typical for D. salinaand are virtually identical, confirming
Statistical analysis of the experimental design for signifi-that no discernible changes in isomer proportions resulted
cant effects and interactions of experimental factors wa$rom the drying process. Despite the apparently high tem-
performed using Statgraphics statistical software (Statisticgberatures used in spray drying processes, the generation of
Graphics Corporation, Rockville, MD, USA). a highly atomised spray provides a large surface area for
the rapid evaporation of water. Consequently, the mean
temperature of the drops is low enough, and the residence
time in the drying chamber of the dried particles short
All the drying experiments yielded orange, dry, free-flow- enough, that excessive oxidation of carotenoid is avoided.
ing powders. The most significant characteristic from anin the case of runs with high outlet temperatures (low inlet
industrial point of view is theB-carotene recovery value feed rate), the ‘real’ temperature to which the biomass is
for each condition (Table 1). As referred to in Material andexposed during the run is high, probably a consequence of
Methods, the original culture was concentrated by centrithe extremely high specific surface typical of spray-dried
fugation to obtain two concentrated suspensions (4% salproducts, which maximises exposure of carotenoids to oxy-
4.5% solids and 7% salt, 8.75% solids). Due to the practicafjen during storage [5]. The microencapsulated powders
impossibility of doing more than two drying experiments were considerably more stable due to the action of the poly-
per day, the concentrated cultures were kept in the freezaner coat as a barrier to oxygen diffusion; consequently,
for 7 days until being processed. This storage resulted isufficient data points were obtained to apply a first order
inevitable depletion of3-carotene. Before each ass@f,  kinetic model, which fitted both data sets well. First order
carotene and solids content of concentrated culture werdegradation constants for microencapsulated powders are:
determined. Results showed no variation in solids, but ther.06 day* (r> = 0.98) for 200C inlet temperature and 0.10
was a decrease iB-carotene concentration with time. day? (r? = 0.99) for 263C. Of particular note is that the
Values of B-carotene content of the concentrated culturepowder produced with a lower inlet temperature was more
(spray-dried feed) are represented in Table 1 for eacltable. This is probably due to the effect of temperature on
experiment. It is clear, that contrary to the work of [6] with the nature of the polymer matrix during drying which is
the microalgaeSpirulina spp, conventional spray drying reflected in terms of its permeability to oxygen during stor-
can be used to drp. salinawithout excessivg8-carotene age. During the drying process, water must continue to
degradation under appropriate conditions, two experimentevaporate through the drying matrix. At higher tempera-
yielding B-carotene recoveries in excess of 90%. At lowtures, the build-up of pressure and subsequent release of
feed solids levels, variations in inlet and outlet temperaturavater vapour can lead to a more open voided structure
are less important, the combination of low inlet and lowwhere exposure to oxygen and thus degradation is greater.
outlet providing the best recovery of 90.89%. At higher All non-encapsulated powders exhibited a rapid degra-
solids levels that would be more typical of an industrial dation to levels below 10% of the original carotene levels
process, a higher inlet temperature was clearly more effe@after only 7 days. On the contrary, in microencapsulated
tive at reducing degradation. For all combinations of solidspowders despite the fact that some degradation has
levels and inlet temperature, a low outlet temperature proeccurred, the proportions of the isomers are virtually
duced a better B-carotene recovery. No significant unaltered from those shown in Figure 1. This indicates that
(P<0.05) interactions were found between the three experithe degradative mechanism affects both isomers equally.
mental parameters studied (inlet temperature, outlet tem- It can be concluded that by choice of appropriate drying
perature, feed solids content). conditions, most notably avoidance of high outlet tempera-

Figure 1 compares the chromatograms of carotenoidures, spray-drying can be used to producg-earotene
extracted from the feed to the spray-dryer for one of therich powder fromD. saling without excessive degradation
experiments and the resultant spray-dried powder. Botlor change in isomer composition. Thgcarotene in the
chromatograms clearly show a high amount afi®isomer  resulting powders degrades rapidly in the presence of light

and oxygen. A dramatic improvement in thgcarotene
spray-dried powder (265/110) stability of the resultant powders can be obtained by spray-
drying the cell concentrate with a microencapsulating poly-

mer mix of maltodextrin and gum arabic. A similar result
was also observed by [10] using hydrolyzed starches as
encapsulating agent.

Preliminary studies with the addition of BHT, TBHQ and

Results and discussion

spray-dryer feed vitamin E to the spray dryer feed indicated that only TBHQ
may be successful in significantly reducing degradation of
M the non-encapsulated powders during storage in the pres-
y ence of light and oxygen.
0 10 20 30 40 For the spray drying oDunaliella to be economically
. . . feasible, it will be necessary to further reduce salt concen-
retention time (min) tration in the biomass. By careful step-wise centrifugation

e . Y - . .
Figure1 HPLC carotenoid profile at 450 nm showing the effect of it is possible to r(_-:-ach 1-2% of salt WlthOUt. dISI’Up_tIﬂg the
spray-drying (conditions T inlet 266, T outlet 116C, solids content of ~ C€llS, although this may not b.e feasible at mdlllsmal _Scak_':‘-
feed 4.5% wiw) ong-carotene isomers db. salina Other methods of desalinization have been tried (dialysis
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and u|trafi|tration) but have not been put into practice due halotolerant algaDunaliella. In: Marine Biotechnology Volume 1:

; i ; ; ; Pharmaceutical and Bioactive Natural Products (Attaway DH and
to inefficiency (dialysis) or damage t®. salina cells Zaborsky OR. eds), pp 411-417, Plenum Press. New York.

(ultraflltratlon). 3 Ben-Amotz A, S Mokady, S Edelstein and M Avron. 1989. Bioavail-
ability of natural isomer mixture as compared with synthetic all-trans
B-carotene in rats and chicks. Am Inst Nutrition 22; 1013.
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