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ABSTRACT

In order to design a culture system for microalgjamass production with a low cost and
convenient cell collection, growth performance oixtowres of microalgal cells, including
Euglena gracilis, Chlorella vulgaris, andDunali€ella tertiolecta cultured in a volume of 1 L were
investigated at a PPFD of 300 pmol’rs® at the surface of the solution with continuous
illumination at 30 °C. Each culture container camta diluted digestate at concentrations of 5,
10, 15, 20, and 50 %. Sample cells for countindg wember were collected daily. Pseudo-
specific growth ratequ) of each species at each depth were calculatedllagar multiplication
rates using number of cells per time. The avenagef each species was highest in 5 %
digestate. The average of all three microalgal species (0.03%) was observed in all layers in
5 % digestate solution. The of each species was highest in 5 % digestate §0i940.041 k.,
and 0.022 1, respectively forC. wulgaris, E. gracilis, andD. tertiolecta). In conclusion,E.
gracilis, C. vulgaris, andD. tertiolecta showed the highest specific growth rate in 5 % stigie.
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1. INTRODUCTION

Microalgae have been used as sources of human,faodsal feeds, and pharmaceutical
products, because of their marked ability to con@€), to biomass and their unique capacity to
transform photosynthates to other useful compouxitsoalgae have also recently been used as
a renewable biofuel source [1 — 3].

Euglena sp. are a group of freshwater motile microaldaaglena is able to grow in a
highly acidic medium (pH 3) in which most other nogrganisms can barely survive [4]. This
characteristic offers an exceptional advantagei alows for the culture oEuglena under
unsterilized conditions at low pH levels withoutethrisk of contamination by other
microorganisms.

The optimum pH foChlorella was found to be in a range between 7.0-7.5 [5téfbee, it
has been used to remove nutrient loads, as wellhesivy metal detoxifier, for various types of
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wastewater treatments, including industrial, myatiand agricultural wastewater [6].

Dunaliella sp. is a group of halotolerant, motile microalghat tsurvive a wide range of
stress factordD. tertiolecta, for example, can survive in a wide range of Ne@icentrations,
from 0.05 M to 5.5 M, and of pH values, from 1 tb, Bven under intense light and high
temperature conditions [7, 8].

Methane fermentation with organic residues and egast one of the most attractive
renewable energy production technologies for redugreenhouse gas emissions as well as for
reducing the load of organic waste. The result@gesiate contains nutrients for plants and can
be utilized as valuable fertilizer, particularlyedto its high nitrogen concentration [9 - 11].

In this study, the effects of the depth and conedionh of digestate from methane
fermentation on the growth of three mixed microealGavulgaris, E. gracilis, andD. tertiolecta
cultured in diluted digestate was investigatediamtify suitable culture conditions.

2. MATERIALSAND METHODS

Chlorella vulgaris andD. tertiolecta were obtained from the Walne culture collectiorhaf
Faculty of Fisheries, Can Tho University, VietnandE. gracilis (strain name: Z) was obtained
from Osaka Prefecture University, Jap&h.vulgaris and D. tertiolecta were subcultured in
Cramer—Myers (CM) medium [12E. gracilis was subcultured CM at a modified pH of 3.5.

Chlorella vulgaris, E. gracilisandD. tertiolecta were cultured in open plastic boxes with a
volume of 1000 mL (222 mm x 150 mm x 30 mm). Didfier concentrations of digestate were
prepared at 5, 10, 15, 20, 25, and 50 % with de@zhiwater. The percent of the digestate
concentration means the dilution rate. CM (Cramegretyl medium was used as the control
solution. Samples were collected from differenttepf the culture box: 0-5 mm (the surface
layer), 10-15 mm (the middle layer), and 25-30 ntime pottom layer). The digestate, which
was collected from a methane fermentation faditityagi Biomass Town, Kyoto, Japan, mainly
contained cattle manure. The original digestate wegrifuged at 2000 RPM for 10 min to
remove large particles. No other sterilization waed in the preparation of the medium.

The components of the original digestate usedigetkperiment and the CM solution used
as the control medium are listed in Table 1. Cotraéions of ions in the diluted digestate were
inversely proportional to dilution rates.

Table 1. Components of the original digestate used ingRgeriment and the Cramer—Myer (CM)
solution used as the control medium.

Solution pH NH," K* Na' Sl

medium (mgL" (mgl" (mgl") (mgL"
CM 35 281 299 244 123

Digestate 8.4 973 1202 328 60

The initial cell densities of. vulgaris, E. gracilis andD. tertiolecta were: 7-14 x 1Dcells
mL™, 4-8 x 16 cells mL* andC. vulgaris were 4-14 x 10cells mL*, respectively. Kitaya et al.
(2005) applied a PPFD of 150 pmofrs* and a droplet method fd&. gracilis. The volume of
each solution drop of the droplet method wad R.3]. The volume of this experiment (1 L) was
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larger than 3ul. PPFD at the solution surfaees 300 pmol i s* (assessed with a quantum
sensor; Li-190, LI-COR, USA) applied as continuoilsimination. Fluorescent lamps
(FPL55EX-N, Matsushita Electric Co., Osaka, Japegre used as the light source. Temperature
was maintained at 30°C (Figure 1).
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. . 180 mm
Cross sectional View
Surface layer
Middle Iayers:
30 mm
Bottom layers—>
Top View
Sampling point O O °
o ° of| 150 mm
(] (-] L]
222 mm

Figure 1. Experimental systems for evaluating the effectsrofironmental variables on the
growth rates of microalgal cells.

The NH,, K*, N&, CI, and S@ components of the original digestate were measwitu
an ion-chromatograph (pump, LC-10ADvp; cation caShim-pack IC-SC1; anion column,
Shim-pack IC-A3; detector, ECD: Shimadzu Co., Kydtapan). The pH was determined with a
pH meter (D-52, Horiba Co., Japan).

The number of microalgal cells in 5, 10, 15, 20 @abd% digestate solutions and CM were
counted in three samples by using a counting chamimeler a microscope of 70 x
magnification.

The specific growth ratqf was determined in the logarithmic multiplicatistage.

The cell number is theoretically given by Eq. (1)

Nt = No exput) 1)
where Nis the cell number at time toli the initial number of cells, and Then:
InN;=1In Ny + put (2)
i, is then
p=(In (N2)= In (Ny))/ (T>=Ty) (3

where N and N are the number of cells at times dnd T, respectivelyln this experiment, T
and T, were 21 h and 72 h, respectively. The doubling ttméhe mean generation timeg)T1s
given by the equationg+ In 2/u.

The p values in each layer were variable because soromatjal cells moved in the box
and the initial time (3) and the final time (J) of measurements were not counted for the same
cell. Therefore the word “pseudo” was used in thigeriment. The number of cells was
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monitored daily and the pseudo specific growthsdig in the surface, middle and bottom were
calculated as cellular multiplication rates.

Statistical analyses were performed using AnalgEiariance (two way ANOVA) to examine
the effects of digestate concentration and dep#l len L.

3. RESULTSAND DISCUSSION

In each layer, the averagegof each species was highest in 5 % digestateavaeageu of all
the microalgal species was 0.035 (9.028 forE. gracilis, 0.046 forC. vulgaris, 0.019 forD.
tertiolecta) at all layers in 5 % digestate solution. The maxin 1 values of these species were
smaller in appropriate concentrations of digedtae in CM medium (Figure 2).
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Figure 2 Effects of digestate concentration on averageiipgcowth rates|@) of E. gracilis, C. vulgaris
andD. tertiolecta cells, at a PPFD of 3Q@mol m? s* at the solution surface and a temperature of 26 °C
Each plot indicates mean * standard error (n =.3-6)

In the analysis of variance (ANOVA), solution indlng 5 % digestate, depending on the
depth, did not significantly affect the of the three microalgal species. However, therauig/e
effect of digestate concentrations and depth lemgls was significant foE. gracilis (p < 0.05),

C. wulgaris (p < 0.05) andD. tertiolecta (p < 0.05).

This study confirmed that the highest values Qffor E. gracilis, C. vulgaris, and D.
tertiolecta were 0.041, 0.048, and 0.02Z, hrespectively (Figure 2), compared with that of
previous estimates of 0.045, 0.024 and 0.023¢spectively [13 - 15]. Thé. vulgaris (s value
was two-fold higher than the previous study becabge study applied a mixed culture Bf
gracilis, D. tertiolecta and C. vulgaris in digestate solutions using digestate from methan
fermentation. An earlier study concluded and tliie be a good environment f@: vulgaris
growth when added with other species [9] .

Moreover, pH also affects the growth of microalgagificantly. The growth o€Chlorella
and Chaetoceros sp. was reduced by 22 % when pH was increased &dam9 [16 - 18].E.
gracilis survived in different digestate concentrations Ht $14 among the three microalgal
(Euglena gracilis, Chlorella andDunaliella ) species testedtuglena gracilis can be cultured at
a high growth rate with diluted methane fermentatierived digestate that was adjusted to a
relatively low pH. The highest specific growth rateE. gracilis cells was 0.053 hand the
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doubling time was 13 h with 25 % digestate at pH[B0].

In our culture method, pH 8.2 had no negative éftetthe growth of three microalgal
species. In terms of pH, these species could kabdyicultured in digestate from methane
fermentation (Table 1). In general, pH significgrdbpends on the concentration of ammonia or
the ammonium ion. The growth of some algal speciag not be significantly inhibited by free
ammonia at low pH while considerable inhibition nagcur at a pH higher than 9. However,
Amphora sp. andAnkistrodesmus sp. are able to grow well at a pH ranging betw@emd 10
[16, 17].

Nguyen et al. [9] applied a PPFD of 150 pmot gt and a droplet method fd&. gracilis.
The volume of each solution drop of the droplethmdtwas 3ul. In this study, The volume of
this experiment (1 L) was larger tharuB PPFD at the solution surfaess 300 pmol i s*
applied as continuous illumination was affected ghewth of microalgae cell<C( vulgaris, E.
gracilisandD. tertiolecta) showed the highest specific growth rgi¢ &t 5 % digestate.

4. CONCLUSION

C. vulgaris, E. gracilis andD. tertiolecta showed the highest specific growth rgtg &t 5 %
digestate when the PPFD at the solution surface3®@st mol ni?s* and at 30 °C. However,
under different conditions, such as less or moae th % digestatey decreased. The decrease in
K when digestate concentration is less than 5 %bmajue to fewer nutrients. The decrease in
at a digestate concentration greater than 5 %edgallower light intensity. Therefore, the effects
of PPFD on the growth of microalgae cultured wiibedtate from methane fermentation at
different digestate concentrations were investdj@enology [9]. In addition, the effects of the
light environment in culture solution with differedigestate concentrations and microalgal
densities will be considered.
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