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Abstract Beta-glucans, widespread glucose polymers in
mushrooms, yeasts, and bacteria, but rarely found in
microalgae, have wide applications and high medicinal and
economical potential. Some (-glucans like paramylon from
algae-like Fuglena gracilis are well investigated, but there is
little information about the (3-glucan content of microalgae.
Therefore, more than 40 species of cultured microalgae have
been investigated for composition of their biomass regarding
to lipids, carbohydrates including (3-glucans and proteins.
Most of algae species showed a rather similar biomass com-
position of about 10 % lipids, 25 % carbohydrates, and 40 %
proteins if they have been cultivated in a full medium, rather
low light conditions of 50 umol photons m %5, 12/12 h light/
dark cycle under aeration and a temperature of 25+2 °C. The
content of (3-glucans varied between 1.7 and 24.2 % of dry
weight, respectively. Two microalgae, Scenedesmus
ovalternus SAG 52.80 and Porphyridium purpureum SAG
1380-1d with a yield of more than 20 % of dry weight were
identified as the best 3-glucan producers under standard culti-
vation conditions. Culture optimization experiments revealed
that enhanced irradiance increased the [3-glucan content of
Scenedesmus obtusiusculus A 189, a novel green algae isolate,
from 6.4 to 19.5 %, but the 3-glucan content of the green alga
S. ovalternus SAG 52.80 remained unaffected (24.2 vs.
23.3 %). Nitrate starvation enhanced the (3-glucan content of
S. obtusiusculus A 189 from 16 to 23 % and of S. ovalternus
SAG 52.80 from 23.3 to 36.7 %.
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Introduction

Due to their wide potential applications, algae have become
more and more valuable for science, technology, and economy
in the last decades. Algae can be used as food and food sup-
plements, for extracting high value products such as
astaxanthin or for the production of renewable energy.
Furthermore, products of algae are on the market as health
food (Rosello-Sastre 2012; Borowitzka 2013) and studies
have shown that algae or algae extracts are also useable
for medicinal applications, based on their anti-
inflammatory (Hasegawa et al. 1999; Cavalcante-Silva
et al. 2012) or immunomodulatory effects (Kralovec
et al. 2005; Bitencourt et al. 2011). It is discussed that
these effects could be caused by the presence of 3-(1-3/
1-6)-glucans (Bobadilla et al. 2013).

Paramylon, a (3-(1-3)-linked glucan, common in bacterial
cell walls, was also detected in Euglena sp. Sugiyama et al.
(2009) described hepatoprotective effects of high-dosed
paramylon against acute liver injury induced by carbon tetra-
chloride and showed that oral administered paramylon was
able to inhibit the development of chemical-induced atopic
dermatitis-like skin lesions (Sugiyama et al. 2010) in animal
studies. According to Watanabe et al. (2013), paramylon is
considered to have preventive effects against colon cancer in
mice. Even in vitro HIV-activity of sulfated paramylon has
been described (Koizumi et al. 1993).

Many other polysaccharides from algae are in use, too, for
example, carragenan or alginate (Bixler and Porse 2011), but
in the literature, there is not much information available about
the content of 3-glucans in microalgae, and only a few species
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have been investigated (Howard et al. 1976; Suarez et al.
2008). The economic importance of (3-glucans is increasing
continuously. There is a huge market for dietary products
and health food and their potential as pharmaceuticals
(Vo et al. 2012) and also as nutritional supplements is
high. Lentinan (Zhang et al. 2011) for example is in use
in anti-cancer therapy, even though (-glucans are not
cytotoxic and have probably no direct anti-tumor activ-
ity. Chemical modification like introduction of sulfate-
and carboxymethyl groups can lead to anti-tumor active
derivatives (Wang et al. 2004). Sulfation of (3-glucans
with different chain length can increase the anti-tumor
activity (Tao et al. 2006). Some studies have shown that
[3-glucans can influence the innate and adaptive immune
system by targeting macrophages or T cells (Chan et al.
2009), but not all the details are understood so far. This
immune activity could explain the benefit of 3-glucans
used in anti-cancer therapy. Other reported effects are
the anti-carcinogenic activity found in some [(-glucan-
enriched mushroom extracts, the prevention of oncogen-
esis (Akramiene et al. 2007), anti-inflammatory, anti-hy-
perglycemia, and anti-viral activities (Zhang et al.
2007). Essential for the biological activity of f3-
glucans is the chain length and the higher order struc-
ture (Sletmoen and Stokke 2008), assuming that the
highest immune activity can be found in mediate-long
triple helical chains.

Concerning the broad potential applications of 3-glu-
cans, new biological sources should be explored. Algae
cultivation is much easier, the costs are lower and the
productivity is much higher than mushroom cultivation.
Many mushroom species cannot be cultivated but have
to be collected from nature. From this point of view,
microalgae could be interesting new sources for (-glu-
cans. Changing of carbon and nitrogen sources in the
culture medium of Euglena gracilis, an important producer
of paramylon, resulted in an improvement of 3-glucan pro-
duction (Rodriguez-Zavala et al. 2010), so that culture opti-
mization of potential (3-glucan producers seems to be a prom-
ising way to get sufficient amounts of microalgae biomass for
economically effective use.

In this study, a screening of different microalgae was
carried out to get an overview of composition of primary
metabolites with the special focus on (3-glucan content in
microalgae biomass cultured under standard cultivation
conditions. Changing cultivation conditions to optimize
carbohydrate production as described by Markou et al.
(2012) resulted in both, an increased total glucan content
but also an enhanced amount of (-glucans in the bio-
mass obtained from the green algae Scenedesmus
obtusiusculus A189 and Scenedesmus ovalternus SAG
52.80 and indicates an opportunity for an upregulation
of [3-glucan biosynthesis.
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Material and methods

Forty-seven microalgae strains, including green algae, red al-
gae, and diatoms, were isolated from different environmental
samples or were obtained from strain collections, respectively;
see Table 1 for details. The unialgal strains were integrated
into the culture collection of the Institute of Pharmacy,
University of Greifswald.

Cultivation and harvesting

Pre-cultures of each algae species were cultivated in
200 mL BG11, SWES, Dun and f/2 media, respectively
(Table 1). The media were prepared according to the
instructions of the Culture Collection of Algae at Gottingen
University SAG (www.epsag.uni-goettingen.de) without soil
extract. SWES, Dun and /2 were modified as follows: SWES
contained NaNO; 0.5 g L', K,HPO, 0.05 g Lt
MgS0,4 0.6 g L', CaCl, 04 g L', NaCl 27 g L' and was
supplemented with 10 mL 02 medium contained additionally
a trace element solution consisting of 3 g L! Na,EDTA, 0.
6 g L' HyBO;, 0.2 g L' FeSO47H,0, 0.14 g L'
MnCl,-4H,0, 0.033 g L™' ZnSO,-7H,0, 0.0007 g L'
Co(NO3),-6H,0 and 0.0002 g L™' CuSO45H,0. Dun
Medium was supplemented with 1.2 g L™ MgSO,, 0.8 g L™
CaCl, and 10 mL of the trace element solution used for prep-
aration of the modified SWES medium. Modified /2 medi-
um contained additionally 2.45 g L' MgSO,47H,O and
1.2 g L' KCI. Cultures were grown in ventilated Schott
Bottles (VWR, Germany) until an optical density at 750 nm
(OD750) of at least 2 was reached. Afterwards the pre-culture
was used to inoculate 10 parallel algae cultures in 500 mL
Schott Bottles containing 200 mL medium. The starting
OD;5¢ was 0.1, irradiance was 50 pmol photons mZs!at
12/12 h light/dark cycle (Osram Lumilux Cool White 39W,
Germany). Cultures were ventilated with fresh air at a flow of
approx. 1.5 vvm at a temperature of 25+2 °C over a
cultivation time of 14 days. This standard cultivation proce-
dure was used to grow algae in a full medium and without
light-stress conditions. Every second day, 0.1 mL of the cul-
tures was used to measure optical density for growth control.
Evaporated water was refilled with sterile distilled water every
second day. Cultures were harvested by centrifugation at
5700 % g for 5 min and biomass was dried by lyophilization
(Vaco$5, Zirbus Technology, Germany).

For the light experiments, S. obtusiusculus A 189 was culti-
vated under different irradiances (50, 100, 150, and 200 pumol
photons m > s ') with three replicates for each irradiance. Other
cultivation conditions and harvesting were identical to the stan-
dard cultivation conditions as described above.

For the nitrate (N) starvation experiments, pre-cultures of S.
obtusiusculus A 189 and S. ovalternus SAG 52.80 with an
OD;5 of at least 3 were centrifuged at 1900 % g for 2 min.
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The supernatant was discarded and the algae pellet resuspend-
ed in BG-11 medium with N-concentrations of 100, 75, 50,
40, 35, 30, 25, 20, 15, 10 and 5 % of the standard concentra-
tion (1.5 g L™ NaNOs). The algae were cultivated in 500 mL
Schott Bottles, each filled with 200 mL of BG-11 medium,
containing different N concentrations. Three replicates were
cultivated for each concentration; the whole experiment was
repeated twice. The irradiance was 200 umol photons m s ™',
other conditions and harvesting were identical to the screening
experiments described above.

Lipid extraction

For lipid extraction, 50 mg of dried biomass was suspended in
5 mL n-hexane and treated with an ultrasonic probe (Sonopuls
HD2070 and UW2070, Bandelin, Germany) for 2 min to
break the cell walls. Extraction was carried out at 1000 rpm
for 30 min on a magnetic stirrer (MR3001, Heidolph,
Germany) utilizing stirring bars of a shape 10 x6 mm
(VWR, Germany). After this, samples were centrifuged and
the supernatant was collected in tared snap cap vials (VWR,
Germany). The whole procedure was repeated twice, the com-
bined supernatants were dried overnight. Extract yield was
calculated gravimetrically.

Total carbohydrates

The total carbohydrate yield was measured using a modified
thymol-sulfuric acid method according to Groger (1961).
20 mg of defatted biomass was hydrolyzed for 2 h at 100 °C
with 2 N HCL. After cooling, the mixture was filled to 10.0 mL
with distilled water and filtered through 0.22 um PVDF filters
(Rotilabo, Roth, Germany). 100 uL of the filtrate was diluted
to 1.0 mL with distilled water. For the calibration, a glucose
stock solution with a concentration of 1 mg mL ™" was diluted
with distilled water to final concentrations of 0.1, 0.08, 0.06,
0.04, 0.02, and 0.01 mg mL™". 100 pL of test or calibration
solution was added to 300 uL thymol reagent (I mg mL™"
thymol in concentrated sulfuric acid), vortexed thoroughly
and heated at 110 °C for 30 min. Absorbance at 509 nm was
measured in 96-well plates (Nuncleon Delta Surface, Thermo
Scientific, USA) in a plate reader (Fluostar Omega, BMG
Labtech, Germany). As a blank 100 puL distilled water added
to 300 pL thymol reagent was used.

Total protein

Total protein yield was measured with a modified ninhydrin
method according to Starcher (2001). 1.0 g of ninhydrin was
dissolved in 75 mL of ethylene glycol and 12.5 mL 4 N sodi-
um acetate buffer (272 g sodium acetate trihydrate and
100 mL glacial acetic acid filled to 500.0 mL with distilled
water). Directly before use, 14 pL mL ™' of a tin chloride

solution (100 mg mL™" SnCl, in ethylene glycol) was added
and mixed well.

5.0 mg of algal biomass was hydrolyzed in 1 mL 6 N HCI
for 2 h at 100 °C, diluted to 10.0 mL with distilled water and
filtered through a 0.22 um PVDF filter. 100 uL of the filtrate
was diluted to 2.0 mL with distilled water. Bovine serum
albumin (BSA) was used for calibration. A stock solution
(10 mg mL™' BSA) was diluted with distilled water to
100 pL to final concentrations of 1, 2, 4, 6, 8, and
10 mg mL ™", 100 uL 6 N HCI was added, heated to 100 °C
for 2 h and diluted to 2.0 mL. 100 puL of each calibration level
was filled to 2.0 mL with distilled water. 200 uL of every
calibration and test solutions were mixed with 300 puL ninhy-
drin reagent and incubated at 110 °C for 40 min. 200 pL water
mixed with 300 pL ninhydrin reagent was used as blank. The
absorption at 575 nm was measured in 96-well-plates in a
plate reader.

3-glucan yield

For determination of (3-glucan content, the test kit K-YBGL
04/08 “Mushroom and Yeast Beta-Glucan” from Megazyme
International Ireland, was used, following the manufacturer’s
instructions.

Results and discussion
Biomass, lipids, carbohydrates, and proteins

Table 1 summarizes the yield of biomass and primary metab-
olites of the 47 investigated microalgae strains. Biomass yield
was between 0.19 and 1.37 g L™" after 14 days. Under stan-
dard conditions, the green algae Scenedesmus spp. and
Chlorella spp. grew best. Lipid content in general was low
(<10 %), only some species showed higher lipid contents
e.g. Cylindrotheca fusiformis and Nannochloropsis salina
with 39.1 and 27.4 %, respectively. The total carbohydrate
yield varied in a wide range between N. salina (11.8 %) and
Porphyridium purpureum (59.2 %), but biomass of most algae
contained on average about 25 % carbohydrates. In contrast to
lipid and carbohydrates, most investigated microalgae re-
vealed more than 40 % protein in the biomass, and only the
marine species such as P. purpureum, N. salina, and
C. fusiformis showed distinctly lower values of <20 %.

3-glucans

Under standard cultivation conditions, 31 of 47 algae species
showed a [3-glucan content between 5 and 10 % of dry weight.
Phaeodactylum tricornutum and Mesotaenium caldariorum
exhibited a very low value (1.7 %), but Scenedesmus
ovalternus, Porphyridium purpureum, Cylindrotheca
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Table 1  Biomass yield, lipids, carbohydrates (CH), proteins, and (3-glucans of microalgae

Name Str. no. Medium Biomass [g L] Lipids CH Proteins 3-Glucan
[% DW] [% DW] [% DW] [% DW]
Acutodesmus obliquus 2326° BG-11 1.00 7.0 274 372 9.8
Ankistrodesmus falcatus K 196* BG-11 0.57 12.6 24.5% 53.7 6.5
Chlamydomonas reinhardtii K 205* BG-11 0.45 8.8 18.1 41.4 5.8
Chlamydomonas reinhardtii K 215* BG-11 0.57 13.5 254 53.8 6.9
Chlorella miniata K 226* BG-11 0.46 10.2 26.3 43.0 8.5
Chlorella sp. A 6" BG-11 0.94 8.7 23.8 46.7 8.1
Chlorella sp. A 224* BG-11 0.73 14.8 219 51.2 6.8
Chlorella sp. K 224* BG-11 0.76 7.2 27.0 395 8.9
Chlorella vulgaris A9 BG-11 0.65 8.2 26.3 529 6.2
Coccomyxa sp. A304° BG-11 0.93 13.6 24.8 46.0 4.5
Coelastrum microporum K 80° BG-11 0.67 11.0 302" 45.6 8.3
Coelastrum sp. A 176" BG-11 0.47 72 23.0 39.5 5.5
Cylindrotheca fusiformis 1017/2° /2 mod. 0.43 39.1 372 16.9 17.9
Desmodesmus armatus 276-4¢° BG-11 0.52 34 244 52.7 6.6
Desmodesmus bicellularis 2333° BG-11 0.51 53 243 444 7.6
Desmodesmus communis 2057° BG-11 0.63 2.0 34.1 444 10.8
Desmodesmus intermedius A 300" BG-11 0.64 6.4 233 42.0 17.8
Desmodesmus schnepfii 15.98° BG-11 0.64 8.3 22.1 52.0 5.1
Mesotaenium caldariorum A 317 BG-11 0.27 8.8 36.1 35.6 1.7
Monoraphidium braunii 48.87° BG-11 0.97 11.2 233 49.1 8.6
Monoraphidium griffithii 202-13° BG-11 0.45 10.5 23.0 41.7 4.8
Monoraphidium terrestre 49.87° BG-11 0.54 10.9 325 344 8.3
Nannochloropsis salina 40.85" SWES 0.45 274 11.8* 15.5 4.2
Qocystis irregularis A 1927 BG-11 0.39 11.0 26.1" 45.6 5.1
Parachlorella kessleri A 302* BG-11 0.56 11.4 26.4 46.6 5.1
Pediastrum boryanum A 13* BG-11 0.47 7.7 24.0 422 6.3
Pediastrum duplex A 78 BG-11 0.60 1.5 27.9% 53.8 8.3
Phaeodactylum tricornutum 190-1a° SWES mod. 0.33 16.2 18.3" 49.1 1.7
Picochlorum sp. Le-1¢ Dun mod. 0.31 134 344" 19.1 11.8
Porphyridium purpureum 1381%’ /2 mod. 0.59 8.4 59.2 10.2 22.4
Scenedesmus acuminatus A 59° BG-11 0.77 13.7 22.6 412 7.9
Scenedesmus arvensis 2336° BG-11 0.24 9.3 30.2 41.1 8.2
Scenedesmus costatus 46.88° BG-11 0.50 6.6 30.6 39.5 49
Scenedesmus ecornis 2332° BG-11 0.64 8.0 27.8 382 11.3
Scenedesmus ellipticus 64.81° BG-11 0.48 9.2 24.7 33.8 5.0
Scenedesmus falcatus 2.81° BG-11 0.65 7.3 348 36.5 11.9
Scenedesmus obtusiusculus A 189% BG-11 0.75 10.1 35.2% 472 7.8
Scenedesmus ovalternus 52.80° BG-11 1.37 6.2 54.1 29.0 242
Scenedesmus productocapitatus 21.81° BG-11 0.92 7.0 29.4 37.6 8.8
Scenedesmus quadricauda A 157 BG-11 0.81 7.6 18.8% 527 39
Scenedesmus rubescens 5.95° BG-11 0.71 8.5 324 53.7 9.0
Scenedesmus vacuolatus 211-11n° BG-11 0.80 9.5 399 36.8 6.5
Scenedesmus wisconsinensis 22.81° BG-11 0.95 16.0 24.6 45.0 6.2
Tetradesmus wisconsinensis 3.99° BG-11 0.73 3.1 26.0 51.6 5.0
Tetraselmis suecica 66/22¢° 2 0.39 24.0 426" 16.8 16.1
Tribonema aequale A 1617 BG-11 0.25 11.2 26.0 37.8 9.7
Tribonema viride A 163" BG-11 0.19 33 253 55.6 9.5

Algae were cultivated under standard conditions (see “Cultivation and harvesting” section)

Data represent means, n=2 ([3-glucans, lipids), 3 (proteins, carbohydrates) or 4 (#)

Culture origins:

 Ernst-Moritz-Arndt-University of Greifswald, Culture Collection of the Department of Pharmaceutical Biology
® Experimental Phycology and Culture Collection of Algae at the University of Goettingen (SAG)

¢ Culture Collection of Algae and Protozoa, Scottish Marine Institute, Oban, Scotland (CCAP)

4TUM = Technical University of Munich, Strain collection of the Department of Industrial Biocatalysis
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Susiformis, and Tetraselmis suecica revealed a very high f3-
glucan accumulation in the biomass with 24.2,22.4, 17.9, and
16.1 %, respectively (Fig. 1a). Bobadilla et al. (2013) reported
[3-glucan contents between 5 and 33 % in different parts of
brown alga Durvillaea antarctica, also determined with
Megazyme® assay. Kozarski et al. (2011) and Synyttsya
et al. (2008) investigated different fungi with this test kit and
determined contents from 1 to 64 %.

To get deeper insight into the mechanisms influencing syn-
thesis or accumulation of primary metabolites with the special

404

focus on f-glucans, two microalgae, Scenedesmus
obtusiusculus A 189, a novel green algae isolate, and
Scenedesmus ovalternus SAG 52.80 were selected for culture
optimization experiments. Under standard cultivation condi-
tions, biomass of Scenedesmus obtusiusculus A 189 contained
11.2 % total glucans of which 7.8 % were 3-glucans. In cul-
tivation of microalgae light is an important factor influencing
growth and accumulation of primary metabolites in the bio-
mass. It was reported in literature that higher irradiances led to
lipid and carbohydrate accumulation in Scenedesmus obliquus

Fig. 1 «- and 3-glucan content a . a-Glucan
of microalgae. a Cultivation - B
under standard conditions. b p-Glucan

304

Influence of nitrate concentration
on glucan content of
Scenedesmus obtusiusculus

A 189. ¢ Influence of irradiance
on glucan content of
Scenedesmus obtusiusculus

A 189. d Influence of nitrate
concentration on glucan content
of Scenedesmus ovalternus SAG
52.80. e Influence of irradiance on
glucan content of Scenedesmus
ovalternus SAG 52.80.

f “B-glucan content” of cellulose,
detectable with Megazyme®

yield [% DW]
N
o

K-YBGL. Mean with range, n=2 401 b c
(except Fig. 1b, N5: n=1). * - =,
Statistical tests: 2way ANOVA T — 1 T
Dunnett’s multiple comparison 30 1 - 30- sk
test; GraphPad Prism 6, = _ ok T "
California, US; *p <0.05, 2 < g T T
**p<0.005, ***p<0.001 Sy 204
compared to control (b: 100 % N, .
¢: 50 pmol photons m % s, 2
d: 100 % N), only (3-glucans >
104 104 o
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0- 0-
100 75 50 40 35 30 25 20 15 10 5 50 100 150 200
Nitrate concentration in % of BG-11 (= Control = 100) Light [umol photons s m?
A189 A18
601 o 601 @ 407 §
PP i T *kk *ﬁ b T 304
k% g o = ™ o
E‘ 404 i f— 40+
a = B 1
2 20+
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(Ho et al. 2012). Gris et al. (2014) described for S. obliquus
SAG 276-7 (currently Acutodesmus obliquus), a slight in-
crease of total carbohydrate yield by increasing the irradiance
from 50 to 200 pmol photons m 2 s~ ', In this study, higher
irradiances enhanced the 3-glucan content of S. obtusiusculus
A 189 significantly from 6 to 14 % under irradiation of 50
and 200 umol photons m > s', respectively. A maximum
of 19 % was reached at 150 pumol photons m % s '
(Fig. Ic). Otherwise, the irradiance seems to have
no influence on f-glucan yield of S. ovalternus SAG
52.80 (Fig. le). With 24.2 and 23.3 % (50 and
200 pmol photons m > s, respectively), the values did not
distinguish significantly. Possibly SAG 52.80 has a wide light
optimum, so that different irradiances do not influence the
biosynthesis of [3-glucans and the observed effect could be
species dependent.

Under nitrate starvation, the content of total glucans of
S. obtusiusculus A 189 increased from 22 % (control) to
34 % (30 % N). The B-glucan content rose from 16.0 %
(100 % N, control) to 23.5 % (30 % N). At lower
N-concentrations yield decreased again (Fig. 1b). For this alga,
it could be shown that the combined use of higher irradiance
and nitrate starvation enhanced the (3-glucan content from
approx. 6 to 23.5 %. Optimization experiments with
S. ovalternus SAG 52.80, the alga with the highest (3-glucan
and the second highest total carbohydrate content under stan-
dard conditions, showed similar tendencies. The total glucan
yield rose from 36 % (control) to 46 % (30 % N). The (3-glucan
content increased from 23.3 (control) to 36.7 % (20 % N). In
contrast to A 189, the yield did not clearly decrease again under
further nitrate limitation (Fig. 1d) and there was no influence of
the irradiance. In both strains, SAG 52.80 and A 189 the «- and
[3-glucan content changed under N starvation conditions. The
[3-glucan content increased more than the a-glucan content, in
A 189 from 6.5 t0 10.3 % (c; + 3.8 %) and from 16.0 to 23.6 %
(B; + 7.6 %), respectively. In SAG 52.80, the same tendency of
the 3-glucan content was observed (rise from 23.6 to 36.7 %),
the o-glucans ranged between 6.2 and 12.8 %. These results
could indicate that microalgae rather use (3-glucans than
«-glucans as storage carbohydrates. Recently, Li et al. (2013)
described no influence of medium component starvation on
accumulation of carbohydrates in cultures of Parachlorella
kessleri, illuminated continuously with high irradiances of
780 pmol photons m > s~'. Even though growth of theses
cultures was improved by aeration with 2 % CO, in compari-
son to air, no differences in starch content were observed, so
that CO, limitation seems to have no influence on starch accu-
mulation, but species differences should be considered.

According to the manufacturer’s instructions, the assay kit
K-YBGL is not applicable in the presence of 3-(1-4)-glucans
like cellulose. Cellulose is a common cell wall component of
green algae and as Ververis et al. (2007) reported, the cellulose
content of mixed algal biomass was 7.1 %. Determination of
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pure cellulose with the assay kit showed that a content of 22.8

+4.3 % was detected (Fig. 1), revealing that only approx. 1/5
to 1/4 of appearing cellulose can be hydrolyzed. Therefore, if
cellulose content in algal biomass is <10 %, only 2.5 % or less
of the determined (-glucans should be cellulose. In
S. ovalternus SAG 52.80 for example 24.2 % {3-glucans (stan-
dard conditions) were estimated with the test kit, so at least
approx. 22 % should be 3-(1-3/1-6)-glucans. In
S. obtusiusculus A 189, at least approx. 5 % of the detected
7.8 % (standard conditions) can considered to be 3-(1-3/1-6)-
glucans. Taking into account these results, the test kit
K-YBGL can be used also for determination of (3-glucans in
algal biomass but with a little inaccuracy that is reduced when
the calculated (3-glucan content is higher.

Forty-seven microalgae have been cultivated and analyzed
for their composition of the three primary metabolites lipids,
carbohydrates, and proteins. Although most algae showed very
high protein yield, also species with high carbohydrate and
lipid contents were identified, revealing the high diversity of
biomass composition. When using the test kit K-YBGL 04/08
“Mushroom and Yeast Beta-Glucan” from Megazyme, the
[3-glucan content in algal biomass can be determined quick
and easy. Since the presence of cellulose interfered only slight-
ly, the kit also can be used for determination of 3-glucans in
microalgae. Four algae species with high (3-glucan content
from 16 to 24 % have been identified. Scenedesmus ovalternus
SAG 52.80 was the best-growing alga and exhibited the highest
[3-glucan yield in the biomass. It could be shown that the
[3-glucan content can be influenced by nitrate starvation and
irradiance, but factors such as the influence of temperature,
starvation of other medium components and also CO, should
be considered. In further studies, 3-glucans should be extract-
ed, purified and the biological activity examined.
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