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Abstract

We have studied the autotrophic growth of the marine microdgghrysis galband@arke, in a batch photobioreactor, comparing
five different culture media and analysing the influence of each on growth kinetics as well as on the fatty-acid composition and proteit
content of the biomass. All the experiments were performed &€ 1&ith the culture medium at pH 8.0, a specific rate of air supply of
1vv-1tmin~! and a continuous illumination of 40-43 Wth The results show no parallel between good nutritional characteristics and
high values of the kinetic parameters. Nevertheless, a compromise between the nutritional factors and growth kinetics could be provide
by Ukeles medium, which provided a biomass with a good composition in polyunsaturated fatty acids (eq34iga8.2), an adequate
protein content (25.3%) and relatively high values, although not the highest registered, for maximum specific gromgr=aeys hrl)
and biomass productivity (1:810~3 kg m—3 h~1). © 2000 Elsevier Science S.A. All rights reserved.
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1. Introduction tions. In general, modifications in the culture medium change
the biochemical composition of the biomass, fundamentally
Unicellular marine algae constitute a renewable resource proteins, lipids, carbohydrates and pigments.
currently under exploitation. Prominent among their char-  In the present work, we study the autotrophic growth of
acteristics is their highem(-3) fatty-acid composition, Isochrysis galban@arke in a batch photobioreactor, com-
attributed with notable properties such as energetic compo-paring five culture media and analysing the influence of each
nents and essential nutrients for animal feed, and, in someon growth kinetics as well as on the fatty-acid composition
cases, certain microalgae can supply fatty acids for humanand protein content of the biomass produced.
consumption [1].
Among marine microalgadsochrysis galbanas a hap-
tophyceae which, for its good nutritive characteristics (espe- 2. Experimental details
cially in relation to polyunsaturated fatty-acid composition),
is of substantial interest in aquaculture, principally to feed 2.1. Microorganisms
mollusk larvae, as well as fish and crustaceans in the early
stages of growth [2-4]. The experiments were performed with the marine
In the production of biomass with certain desired charac- microalga Isochrysis galbanaParke, obtained from the

teristics, the composition of the culture medium is a funda- ‘Culture Center for Microalgae and Protozoa’, Oban, UK.
mental factor. The relationship between the nutrients used

and the composition of the biomass is known [5]. On the 5 5 cyiture media
other hand, the culture medium affects the specific growth

rate and the maximum level of biomass production. Defi- e five culture media used were: Guillard [6], Ukeles
ciency in the medium with respect to a given nutrient can

X ; _modified according to Fabregas and Herrero [7], the medium
cause the alga to adapt its metabolism to new external condl-of Ben-Amotz [8], the commercial medium Algal-1, and the

synthetic medium S88 [9].To the media Guillard and Ukeles,
* Corresponding author. we added Tris(hydroximethyl)aminomethane chlorohydrate
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Table 1
Composition of media for culture déochrysis galbana
Nutrient Culture medium (mgf)

Guillard (f/2) Ukeles Ben-Amotz S-88 Algal-1
N (as nitrate) 12.353 28.000 70.000 13.848 39.375
P (as phosphate) 1.125 3.098 6.200 2.222 4.200
Fe 0.6538 0.9310 0.1954 0.5022 1.785
Zn 0.004481 0.06519 2.290 0.005006 0.09270
Mn 0.04940 0.05496 0.5490 0.05005 0.07700
Mo 0.002485 0.09596 0.4797 0.0005157 0.09800
Co 0.002972 0.005944 0.01770 0.0005039 0.008000
Cu 0.002547 0.006366 0.01908 0.004988 0.008500
Thiamine HCI 0.1000 0.0350 0.0350 0.0500 0.0280
Biotin 0.0005 0.0050 0.0050 - 0.0014
Cyanocobalamin 0.0005 0.0030 0.0030 0.0001 0.0014

(Tris-HCI) to buffer the media. The medium Algal-1 was 2.5. Procedure
supplied by Nutricién Avanzada, S.A. (La Corufia, Spain).

In Table 1, the compositions of the five culture media are  Each culture began with the addition of 360 ml to each
compared in relation to their concentration in each of the photobioreactor for a total volume of 500 ml. The illumi-
mostimportant chemical elements. Only for the vitamin con- nation was continual at 40-43 WTh, a specific-air-supply
tent is the concentration of the three components detailed.rate of 1vv 1 min~1 at 13C and an initial pH of 8.0. Both
It should be emphasized that, in all cases, the real concenthe culture medium and the air supply were sterilized by
trations were slightly higher than those indicated; given the filtration through cellulose-nitrate membranes with a pore
use of enriched media, seawater contributes an additionalsize of 0.2um. In each culture, the pH was measured upon
quantity of each of these elements. Only in the synthetic sampling, although it was not adjusted to its initial value. In
medium, S-88, did the real concentrations of the medium general, the pH was found to rise slightly over the course of
coincide with those listed in Table 1. the culture, the variation being1.

In terms of macronutrients, the richest medium was  Over the course of each experiment, we determined the
Ben-Amotz, and the poorest Guillard medium. In general, quantity of biomass produced. At the end of each experi-
the Ben-Amotz medium proved richer in micronutrients, ment, we determined the crude-protein concentration and the

except for Fe content. Also, this medium stands out for its fatty-acid composition of the lipid fraction of the biomass.
high Zn content. In vitamins, the commercial media Algal-1

and S-88 contained the lowest concentrations. 2.6. Analytical methods

2.3. Experimental installation Growth was determined by absorbance measurements of
the cell suspension at 660 nm. The biomass concentration,
The experimental installation (Fig. 1) consisted funda- X, in gl was calculated by the expression:
mentally of four photobioreactors equipped with a thermal
jacket and with a lid having two orifices: the central orifice * = 0.2264¢60 — 5.39 x 10 @)
was used for the aerator and the other for measurement an

. dI'h rude-protein content wi rmin m ring th
control of the pH and for an air outlet. € crude-protein content was dete ed by measuring the

total nitrogen by element analysis of the biomass and mul-
tiplying this value by 6.25 [10].
2.4. Preparation of the inoculate and preculture The content and nature of the fatty acids of the biomass
were determined from the lipid fraction [11]. The methyla-
Before beginning each experiment, we performed a tion of the fatty acids were performed using a mixture of
preculture in two phases. The first phase was performed inacetyl chloride—methanol at a proportion of 5:1 (v:v). The
10-ml test tubes, adding 2 ml of inoculate to 6 ml of culture methyl esthers were analysed in a Hewlett—Packard 5930A
medium, maintaining the tubes 7 days under continuous gas chromatograph equipped with a flame ionization detec-
illumination at room temperature. The second phase wastor. A 30-m-long capillary column of high-polarity fused sil-
conducted in the bioreactor by adding the contents of five ica was used. The column had an inside diameter of 0.25mm
test tubes to 100 ml of the culture medium, for a total of and a film 0.3.m thick. The temperature programme was
140ml and kept at 1% for 7 days. With this stepped as follows: initial oven temperature of 180 for 8 min; then
process, we attained an adequate initial concentration andan increase in temperature ofGmin~! to 190°C; finally
similar characteristics in all the cultures. the oven maintained isothermically for 25 min. Both detec-
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Fig. 1. Experimental installation: 1, compressor; 2, filtre; 3, stabilizing column; 4, washing flask; 5, distributor; 6, valve; 7, diaphragm; &tensnom
9, filtres; 10, aerifiers; 11, photobioreactor, 12, bath with thermostat; 13, refrigerant; 14, peristaltic pump; 15-filter; 16, magnetic stiprsndteér;
18, combined electrode; 19, pH controller; 20, combined electrode; 21 and 22, peristaltic pumps; 23, fluorescent tubes; and 24, reflecting screen.

tor and injector temperatures were 220 In each analy- culture, calculations were made of the protein content and
sis, 1.4ul of methyl esther solution was injected into the fatty-acid composition of the lipid fraction of the biomass.
chromatograph. The standards used were rapeseed-oil mix
and PUFAS-1 of Supelco, catalogue numbers 4-7017 and3.1. Kinetic parameters
4-7033, respectively.
In all the experiments, the lag (or adaptation) phase was
practically negligible, and from the beginning of the culture
3. Results and discussion there was an exponential phase of a certain duration, for
which the maximum specific growth rate was determined by
From the experimental results, the kinetic parameters a minimum-square fit to the equation:
maximum specific growth rateuf,) and biomass produc-

tivity (Pg) were determined. In addition, at the end of each |n <ﬁ> =a+ pumt )
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Fig. 2. Growth curves®) and biomass concentratio® against time for the experiments corresponding to the Ben-Amotz and S-88 mediums.
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The Neperian logarithm of dimensionless biomass concen-factors may exert an influence, in this case, it appears that

tration, In &/Xp), was represented against tintg for each the transference of COs the fundamental cause of growth

of the culture media. For example, Fig. 2 shows the growth limitation. In this sense, it was found experimentally that

curves for two of the experiments. According to Eq. (2), in the beginning of the linear phase coincided with the greatest

the event that the lag phase was completely negligible, therise in the pH of the culture, and it is known that the £O

ordinate at the origin (a) would be null. In the entire series solubility declines with the pH.

of experiments, these values remained very close to zero.  The greatedPg value was reached in the culture using the
The maximum specific-growth values, for each of the ex- Ukeles medium buffered with Tris-HCI at a concentration

periments, together with the linear regression coefficients, of 4.13 mM, also the culture that gave the lowest value for

r, are listed in Table 2. The highest valuesof, close the maximum specific growth rate.

to 0.02h1, were achieved in the culture media S-88 and

Algal-1, while the lowest value, 0.015h corresponded to 3 2 protein and fatty-acid composition

Ukeles medium buffered with 4.13 mM of Tris-HCI.

With respect to the order of magnitude of the, val- The crude-protein content was determined in each exper-
ues, it should be indicated that other marine microalgae jnent at a time near the stationary phase of the culture.
of aquacultural interest, such astraselmissp. andSkele-  Thege results were expressed in percentages by dry-biomass
tonema costaturunder very similar conditions and a tem- (o4p ) of the culture (Table 3). Clearly, the highest percent-
perature of }SC have given values far h|gheTe(traseIm1|s ages of protein were attained with the mediums Ben-Amotz
#m=0.04 =, [12]) and lower Bkeletonmguim=0.01h", (37%) and Algal-1 (30.3%), which are also characterized by
[13]) than inlsochrysis galbana _ a greater concentration of nitrogen, especially in the form

After the exponential phase, cell growth continued but at ¢ nitrate.

a lower rate. During this long phase of slowing growth, the  \jth regard to other algae, the data of Becker [10] show
biomass values fit a linear relationship of the type: that the percentages in protein Ischrysisare substan-
3) tially lower than in the specieSpirulina (50-70%) or in
freshwater microalgae, which are characterized by their
In this equationPg (g1~ h~1) represents biomass produc- Nigh protein concentrations, as@hlorella pyrenoidosand
tivity and is a parameter characteristic of this long period Scenedesmus obliqus0-60%), even lower than in other
in which it is possible to admit linear growth. For example, Marine microalgae, such dketraselmis maculatg52%)
the same Fig. 2 shows a representation of the biomass conPunaliella salina(57%) orDunaliella tertiolecta(30-70%)
centration against time for two experiments, in which the [14]. The highest percentage recorded, 37%, was of the
long period of linear variation in biomass contrasts with that Same order as that reached in the cultures of other marine
corresponding to the exponential phase. microalgae,Skeletonema costaturasing operational con-

The Pg values calculated are also listed in Table 2, in- ditions more favourable for growth, as well as a medium
dicating the starting time of the linear growth (h) and ~ formulated specially for this diatom [15].
the biomass levelsx( gl-1) at that time for each experi- In addition, at the end of each experiment, in the station-
ments. This linear growth period, after the exponential phase, @y phase, we determined the fatty-acid content of the lipid
is characteristic of the bioprocesses controlled by physical fraction of the biomass produced.
stages. In this particular case, the kinetic control of the bio- _ The results for each medium are shown in Table 4.
process may reside in the transference of carbon dioxide The highest percentages correspond to myristic, oleic and
in the cell suspension or to insufficient illumination in the Palmitic acid, and, when Ukeles 2 and Ben-Amotz me-

culture on reaching a certain cell density. Although the two dia were used, docosahexanoic acid, also. Fig. 3 gives the
total percentage of saturated, monounsaturated, polyun-

x =c+ Pgt

Table 2
Kinetic parameters Table 3
Protein content of the biomass
Culture medium um (W) 12 t(h)y x(@lI™ Pg10® - -
@l~th Y Medio de cultivo Pr (%)
Guillard 0.0166 0.999 166 0.22 1.91 Guillard 12.4
Guillarc? 0.0165 0.999 91 0.059 0.89 Guillarc? 20.6
Ukeles 0.0184 0.999 140 0.10 1.85 Ukeles 25.3
Ukele® 0.0158 0.995 117 0.12 1.69 Ukele® 24.1
Ukele$ 0.0154 0.999 166 0.24 2.25 Ukele$ 19.4
Ben-Amotz 0.0157 0.989 117 0.11 1.71 Ben-Amotz 37.0
S-88 0.0194 0.996 111 0.090 1.91 S-88 27.4
Algal-1 0.0204 0.996 91 0.097 1.93 Algal-1 30.3
aBuffered with a concentration of 4.13mM Tris-HCI. aBuffered with a concentration of 4.13mM Tris-HCI.

b Buffered with a concentration of 2.06 mM Tris-HCI. b Buffered with a concentration of 2.06 mM Tris-HCI.


https://www.researchgate.net/publication/230181588_The_influence_of_temperature_on_the_growth_and_fatty-acid_composition_of_Skeletonema_costatum_in_a_batch_photobioreactor?el=1_x_8&enrichId=rgreq-f11a26fd8dc0f0add0cafc10ea5f35a1-XXX&enrichSource=Y292ZXJQYWdlOzIyMjY5NjUwNjtBUzoxMDI0NTc5NTA2MDUzMjZAMTQwMTQzOTI4NzU3OQ==
https://www.researchgate.net/publication/255720720_Nutriiional_properties_of_microalgae_potentials_and_constraints?el=1_x_8&enrichId=rgreq-f11a26fd8dc0f0add0cafc10ea5f35a1-XXX&enrichSource=Y292ZXJQYWdlOzIyMjY5NjUwNjtBUzoxMDI0NTc5NTA2MDUzMjZAMTQwMTQzOTI4NzU3OQ==
https://www.researchgate.net/publication/226162821_Renewal_rate_and_nutrient_concentration_as_tools_to_modify_productivity_and_biochemical_composition_of_cyclostat_cultures_of_the_marine_microalga_Dunaliella_tertiolecta?el=1_x_8&enrichId=rgreq-f11a26fd8dc0f0add0cafc10ea5f35a1-XXX&enrichSource=Y292ZXJQYWdlOzIyMjY5NjUwNjtBUzoxMDI0NTc5NTA2MDUzMjZAMTQwMTQzOTI4NzU3OQ==
https://www.researchgate.net/publication/291773140_Skeletonema_costatum_as_a_potential_of_fatty_acids_and_single-cell_protein_SCP_The_effect_of_pH_on_growth_rate_and_biomass_composition?el=1_x_8&enrichId=rgreq-f11a26fd8dc0f0add0cafc10ea5f35a1-XXX&enrichSource=Y292ZXJQYWdlOzIyMjY5NjUwNjtBUzoxMDI0NTc5NTA2MDUzMjZAMTQwMTQzOTI4NzU3OQ==

S. @nchez et al./Biochemical Engineering Journal 6 (2000) 13-18 17

Table 4

Fatty-acid composition

Fatty acid Guillard Guillard Ukeles Ukele$ Ukeles Ben-Amotz S-88 Algal-1
14:0 38.9 27.8 15.1 13.0 28.8 15.6 31.3 30.4
14:1 (—5) - 2.8 3.2 t - tre - 3.1
16:0 25.2 20.5 17.1 13.5 21.6 14.0 17.5 22.8
16:1 (—7) - 1.1 tf - - e tre tre
16:2 (—4) tre 2.0 7.7 7.4 \¢ 7.9 - 4.4
18:0 2.9 2.6 r - tre tr¢ 3.1 3.1
18:1 (—9) 19.6 10.4 21.7 14.5 20.6 16.2 28.7 12.3
18:2 (—6) 34 3.3 6.3 & 55 te 5.7 3.8
18:3 (—3) tre 3.5 4.9 7.7 \¢ 8.3 4.7 3.7
18:4 (—3) 6.3 5.9 tf tr¢ 4.2 te 3.6 6.2
20:1 (—9) tre 5.5 6.4 7.1 7.7 6.8 r tre
20:2 (—6) 3.8 0.9 tf 6.5 - 6.6 tf -

22:1 (—9) - e 3.4 5.0 6.1 4.4 - -
22:6 (—3) tre 9.7 15.3 25.3 5.6 20.2 5.2 10.3

aBuffered with a concentration of 4.13mM Tris-HCI.
b Buffered with a concentration of 2.06 mM Tris-HCI.

¢ Traces.
saturated, essential amd-3 higher polyunsaturated fatty Of all the media assayed, Ukeles-2 reached the highest
acids ©£n—3 HUFA) against the culture medium used in percentage of polyunsaturated fatty acids (46.9%, of which
each experiment. In addition, Fig. 3 shows the3/n—6 25.3% was docosahexanoic acid), followed by Ben-Amotz

index of each culture; this index represents the quotient be-(43%). The highest percentages in essential fatty acids and
tween the fatty acids corresponding to the groop8 and »n—3 HUFA (33 and 25.3%, respectively) corresponded
n—6, and, according to Webb and Chu [16], is a parame- to Ukeles-2, and the next highest to Ben-Amotz (28.5 and
ter that can be considered to estimate the nutritional value 20.2%, respectively). It should be pointed out that neither in
of the microalgae. According to these authors, when the the operational conditions assayed nor in the culture media
n—3/n—6 quotient is within the 2-5 range, the biomass be- used was the acid 20r5-3 detected, although under certain
ing produced in the culture can have acceptable nutritional conditions it is characteristic of some specieslsachry-
quality. sis (20). In this sense, our results coincide with those of

Ben-Amotz (8) and Servel et al. [21] fésochrysis galbana

but differ from those of Vazhappilly and Chen [20]. Addi-

80 80 tionally, on comparing the different media used, we found
60 i“ a wide variation in the content of the acid 226 3, per-
u . " haps related to the effective maintenance of the pH of the
40 g 5w g 1% P culture, although this is not clearly appreciable in our re-
20 ° 5 220 9 sults. With reference to docosahexanoic acid, 2p:63),
0 , 0 g it should be indicated that this acid is highly important for
Y - the growth and development of the oysBmassostrea gigas
g 60 160 ¥ [17] and in general for the feeding of oyster larvae. In ad-
E 40 . ; J 140 dition, studies by different researchers have shown that this
(-5 " e © 3'20 acid, together with 20:5n3) are essential for the growth
® © o 8 and maintenance of marine fish [18,19]. Thus, it is worth-
0 : : : : : : 0 while emphasizing the high percentages of docosahexanoic
60 6 o acid achieved with Ukeles-2 and Ben-Amotz mediums.
0 A s N . 3 On the other hand, the Ukeles medium gives rise to a
A dq greater percentage of monounsaturated fatty acids (34.7%),

20 R L, a2 2 although it is notable that the synthetic medium S-88 gave
oL — f LA o 2.8..7% corre'spondlng only to oleic acid, 18q-@). Ip ad-
S & &S vye‘” & 4 _d|t|0n, the high percentage (38.9%) of myristic acid, 14:0,
¢ 7 s in the culture medium Guillard deserves mention.
The relationship between the fatty-acid fractions
Fig. 3. Variation in fatty-acid content of the lipid fraction in the biomass n—3/n—6 showed values of between 2 and 5 for the Uke-
with composition of the culture mediumM) % saturated fatty acids; les, Guillard-1, Ben-Amotz and S-88 media. As pointed

1) % monounsaturated®) % polyunsaturated;) % essential; . . . .
((% )zn(-)s HUFA: (A) n—3/r:)6 :egﬁznship_ @ % 4 out above, this would indicate that the biomass produced in

Y NS
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these cultures have acceptable nutritive value. In addition, [10] E.W. Becker, Nutritional properties of microalgae: potentials and

the Ukeles medium provided an-3/n—6 relationship close constraints, in: A. Richmond (Ed.), Handbook of Microalgal Mass
to the value 3.1, considered indicative of a biomass having ___ Culture, CRC Press, Boca Raton, FL, 1986, pp. 339-420.
excellent nutritional value [16] [11] G. Lepage, C.C. Roy, Improved recovery of fatty acid through direct

. _ transesterification without prior extraction or purification, J. Lipid.
On the basis of our experimental results, we conclude Res. 25 (1984) 1391—1396.

that no clear parallel can be established between the good12] F. Garcia, Estudio cinético y composicién bideica deTetraselmis

nutritional characteristics of the biomass and the high values  sp Andlisis de la productividad en un fotobiorreactor externo, Ph.D.
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