CHAPTER Ill

RESULTS

Growth of H. pluvialis NIES 144

H. pluvialis NIES 144 is a unicellular, motile, green alga that
accumulated significant amounts of astaxanthin under certain stress
conditions as in fig. 5 The growth analysis of//, pluvialis NIES 144 was
determined by cell number counting with a haemacytometer and the
specific growth rates (p) were determined as the slope on the exponential
phase of growth by least squares regression .

Figure 5  Vegetative green cell and red cyst cell ofH. pluvialis
NIES 144 (X 200)
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Method Employed for the Extraction of Astaxanthin and Chlorophyli
from H. pluvialis NIES 144

1- 3 ml ofH. pluvialis NIES 144 cultures were extracted by
two types of solvent, dimethysulfoxide and 90 % acetone for astaxanthin
and chlorophyll determination by spectrophotometry. The result indicated
that the astaxanthin content by either dimethysulfoxide or 90 % acetone
extraction was not different whereas the chlorophyll content by 90 %
acetone extraction was slightly higher than that by dimethylsulfoxide
extraction. Therefore, in later experiments dimethyl sulfoxide was
employed as the solvent for astaxanthin and chlorophyll extraction.

1. Effect of Environmental Factors on Growth of H. pluvialis
NIES 144
11 Type of medium
Fig. 6 showed the 14 - day growth of H. pluvialis
NIES 144 in The Basal Medium, Medium for//, lacustris ATCC 30453,
and Bold Basal Modified Medium with various initial cell numbers of 1,
5, 10, 15, and 20 X 104 cells per ml under 20 p mol mV 3(12 h - dark ;
12 h - light) illumination at 21- 23°c. It was found that . pluvialis NIES
144 could grow bestin The Basal Medium followed by Medium for
H. lacustris ATCC 30453 and Bold Basal Modified Medium respectively.
Fig. 7 showed growth analysis of H. pluvialis NIES 144 in terms of
specific growth rate (d') at the various initial cell numbers of three types
of media
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Figure 6 Growth ofH. pluvialis NIES in three types of media,
The Basal medium (a), Medium for H. lacustns ATCC 30453 (b) and
Modified Basal medium (c ) with various initial cell numbers
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Figure 7 Specific growth rates ofH.plmalis NIES 144 with
various initial cell numbers in three types of media



1.2 Type and concentration of carbon source

Cells were grown in three media as described in section
1. The modified medium was performed by changing the concentration of
carbon and used C02from air (no addition of c-source) and NaZC 03the
same concentration of carbon in the Basal medium. (1.2 g/ 2).

Fig. 8 and 9 showed that the lowest growth occurred in
three types of media with NaZ03 The cell growth was gradually
decrease when grown in the medium containing C02as carbon source and
slightly from that when grown in the range of CHCOONa concentrations
between 1.0to 14 g/1 .
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Figure 8  Growth of H. pluvialis in three types of media
containing various concentrations of carbon source
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Figure 9 Specific growth rate of H. pluvialis in three types of
media containing various concentrations of carbon source
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1.3 Concentration of nitrogen source

H. pluvialis NIES 144 was grown in The Basal
Medium, Medium for H. lacustris ATCC 30453 and Basal Modified
Medium. The concentrations of nitrogen in the Medium for H. lacustris
ATCC 30453 and Bold Basal Modified Medium were adjusted to equal to
that of the Basal Medium. The cultures were incubated at 20 -23°c
under 20 umolm'V1 12 h -dark; 12 h - light illumination for 8 days.

Fig. 10 and 11 showed that the specific growth rates of
H. pluvialis NIES 144 in The Basal Medium were better than both of
modified medium for H. lacustris ATCC 30453 and modified Bold Basal
modified medium. The increase of urea in Bold Basal Modified medium
decreased the specific growth rate whereas the increase of NaN03 in
Medium for H. lacustris slightly affected the specific growth rates.
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Figure 10 Growth of H. pluvialis in three types of media
containing various concentrations of nitrogen source
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Figure 11 Specific growth rate ofH. pluvialis in three types of
media containing various concentrations of nitrogen source
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2. Effect of Environmental Factors on Growth of Il. pluvialis
NIES 144 in The Basal Medium
2.1 Light intensity
H. pluvialis NIES 144 was cultured in The Basal
Medium with initial cell number 5 X 104 cells per ml at 21 - 23°c. The
light intensity was changed from 20 to 40 and 60 p mol m'V1
respectively. Fig. 12 showed that the growth of H. pluvialis NIES 144
was slightly different when grown in the range of the light intensity
between 20 to 60 p mol m'V1. So, in the later experiment, the light
intensity for growth of . pluvialis NIES 144 was fixed at 20 p mol
m'V1 12 h-dark and 12 h - light.
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Figure 12 Growth ofH. pluvialis exposed to 20, 40, and 60
Imolm'V1
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2.2 Content of carbon and nitrogen source

Cells were grown in The Basal medium with initial cell
number 5 X 104cells per ml at 21 - 23°c under 20 [Imol m'VZ1 12 h -
dark ; 12 h - light illumination. The concentrations of CHICOONa were
changed from 0.8 to 2.0 g/ 1and the concentrations of yeast extract were
changed from 2.0 to 3.0 g/ 1 Fig. 13 and 14 showed that there were slight
differences on growth when grown in the medium containing 0.8 to 2.0 g/
1of CHXOONa whereas slightly higher growth rate occurred in the
medium containing yeast extract 2.0 to 3.0 g /1.
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Figure 13 Growth of H. pluvialis in The Basal medium
containing various concentrations of sodium acetate and yeast extract
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SPECIFC GROWTH RATE ()

Figure 14 Specific growth rate of H. pluvialis in The Basal
medium containing various concentrations of sodium acetate and yeast
extract



2.3 Initial cellnumber

H.pluvialis NIES 144 was grown in The Basal Medium
with initial cell number5 X 104cells / m| at21 -23 °C under 20 I.mol
m'VL% 12 h-dark ;12 h - lightillumination. The initial cell numbers were
changed between 10 to 200 X 104 cells / ml. The specific growth rates
were slightly increased when grown with initial cell number 10 and 15 X
104 cells / ml, the specific growth rates were slightly decreased when
grown with initial cell number 20 X 104 cells / ml. However, under the
condition, the growth reached the stationary phase in day 4. Moreover, it
was noticeable that at the stationary phase the cell number were slightly
different/Fig. 15 and 16).

So, in the later expenments, the optimum condition for
growth ofH. pluvialis NIES 144 in The Basal Medium was 22°C under
20 umolm VYL 12h-dark ;12 h-light illumination, initial cell number

20 X 104cells / ml
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Figure 16 Specific growth rate of H. pluvialis in The Basal

medium containing various initial cell numbers



3. EffectofEnvironmental Factors on Astaxanthin Content in
H.pluvialis NIES 144
3.1 Effectoflightintensity

After 4 - day,H. pImialis NIES 144 cultures were
exposed to various light intensities, i.e. 20, 50, 100, 150, and 200 p mol
m 'V lrespectively. The illumination period was switched from 12 h - light
, 12 h - dark to continuous illumination and the culture was incubated at
21 -23°C

Atoptimal light intensity for growth, 20p mol
m'Vl, the cell number was constant at 55 X 105ce||s [ ml. Astaxanthin
and chlorophyll contents were 85 and 1022 pg / cell. After 8 day
cultivation, light intensity could affect the accumulation of astaxanthin.
The cell numbers were gradually decreased (Fig.17). The astaxanthin
contents were increased when exposed to 20, 50, and 100p mol MV1
and slightly decreased at 150, and 200 p mol mV1 Concomitantly
chlorophyll contents were slightly decreased when exposed to 20, 50, and
100 p mot M'V1 and sharply decreased at 150 and 200 p mor M'V1

Maximal astaxanthin contents were 12pg Icell when exposed to 50and

100 p mor m'V1rig. 18,19)
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Figure 17 Growth ofH. plw 'ialis in The Basal medium under

various light intensities
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Figure 18 Effect of light intensities on the contents of

astaxanthin and chlorophyll by DM SO extraction after 8 - day cultivation
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Figure 19 Effect of light intensities on the contents
astaxanthin and chlorophyll by 90% acetone extraction after 8 -
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3.2 Effectofsodium chloride

The 4 - day culture in The Basal Medium at late
vegetative growth phase was supplemented with 0, 0.2, 0.4, 0.8, 1.2, and
1.6 % Iv NaCl respectively. After the addition, the light intensity was
increased from 20 to 50, 100, 150, and 200 flmolm 'Vand incubated at
21-23°C. Fig. 20 (a) to (¢ ) showed the growth ofH. pim ‘ialis NIES 144
which was sharply decreased when added with 0.4 to 1.6 % (w/v) NaCl
and exposed to high light intensity. The growth was inhibited in the
presence ofNaCl Astaxanthin was lightly increased in the presence 0f0.2
% (w/v) NaCl whereas it was sharply decreased at NaCl concentration
higher than 0.2 % (w/v). The content ofastaxanthin was 16 pg./cell after
8 days in comparison to 9 pg./ cell obtained under the optimal condition
of growth. (Fig.21) On the other hand, chlorophyll contents at low
concentration of NaCl (0 to 0.2 % ) were not different, but sharply
decreased at high concentration ofNaC|

The linear models procedure and Duncan7’
multiple range test showed that, light and sodium chloride affected
astaxanthin content. Addition with 0.2 % NaCl and illumination with 50
to 100 p mol m 'V 1gave a high astaxanthin content as shown in

appendix 5 .
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Figure 20 Growth of H. pluvialis in The Basal Medium
containing different sodium chloride content ratios at 20 (a), 50 (b), 100

(c ), 150 (d), and 200 (e) p.molm 'V 1
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Figure 21
of astaxanthin and

cultivation

Effect ofvarious NaCl concentration on the contents

chlorophyll by DMSO extraction after 8 - day
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3.3 Effectofcarbon and nitrogen

3.3.1 EffectofC/N content

The 4 - day culture on The Basal Medium was
supplemented with sodium acetate and sodium nitrate so asto adjust the
C /N contentofthe medium. The acetate concentration supplemented to
the culture was fixed at 43.8 mM, while sodium nitrate concentrations
were adjusted to 0, 21.9, and 43.8 mM. The cultures were cultivated at 21
- 23°C under 20, 50, 100, 150, and 200 p mol m'V1continuous
ilflumination. The algal cell number was decreased as shown in Fig. 22.

Astaxanthin accumulation was induced by the high C/N
contentas shown in Fig.23. Under the high C/N content (C/N=43.8:0) the
astaxanthin content was increased reaching 28 pg. / cell after 4 day
supplementation under 50, 100, and 150 p mol m 'V 1continuous
illumination whereas underthe low C/N content astaxanthin accumulation
was not different from that without addition ofcarbon and / or nitrogen.
In the case of chlorophyll, under high C/N content and / or high light
intensity, the chlorophyll content was drastically decreased. Consequently,
the ratio of C/N =43.8:0 was used forthe later experiments.

The linear models procedure and Duncan’'s multiple
range test showed that, light intensity did not affect astaxanthin content
whereas C/N content did. Supplementation with 43.8 mM sodium acetate
and without sodium nitrate gave high content ofastaxanthin as shown in

appendix 6.
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Figure 22 Growth ofH. pluvialis in The Basal Medium when
supplemented various C/N contentat20 (a), 50 (b), 100 (c X 150 (dx and
200 (e) dmolm 'v1
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Figure 23 EffectofC/N contenton the contents ofastaxanthin

and chlorophyll by DM SO extraction after 8 - day cultivation
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3.3.2 Effectofsodium acetate (pH 7)

The 4 - day culture on The Basal Medium was used to
testthe effect of sodium acetate. The cultures were cultivated at21 -23°¢C
under the same condition as section 3.3. As shown in Fig.24, the cell
number was slightly decrease when supplemented with 0 and 21.9 raM
and gradually decreased when supplemented with 43.8 and 87.6 mM of
sodium acetate under all lightintensity regimes.

The Basal medium supplemented with 21.9 mM of
sodium acetate accumulated astaxanthin as high as 30 pg./cell under 50,
100, and 150 f. mol m 'V Continuous light illumination. On the other
hand, chlorophyll content was not affected by sodium acetate at low light
intensity at gradually decreased at high lightintensity (Fig. 25 ).

The linear models procedure and Duncan’s
multiple range test showed that, light intensity did not affect astaxanthin
content whereas sodium acetate did. Supplementation with 21.9 mM

sodium acetate gave high contentofastaxanthin as shown in appendix 7 .
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Foure24 Growth ofH. pluvialis in The Basal Medium when
supdemented various concentration of sodum aogtate at 20 (@), S0 (),
100(c), 150(d), add200 () Imad mV 1
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Houre 25 Effect of sodum aceiate concentration on the
contents of astaxanthin and chlorophyll by DMSO extraction after 8 - day
cultivation
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34 HEifect oftenperature.
34.1 Effect of temperature and light intensity,

supplemented with sodium chloride

The 4 - day ofH. plUvialis NES 144 on The Besal
Medium wes added with 0.2 % wiv NaCl and then culitivated at 22, 25,
D, ad ss5-c under s, 100, ad 140 p md m'VContinuous
llumination. The cell nunber wes gradually decreased as shown in
Hg. 26.

For the astaxanthin contert,, it wes gradually deareasd
when the cultures were culivated at high tenperature and high light
intensity. There were no differences in astaxanthin content when culitured
on similar condition at temperature 2.2 ad 25-¢ but Slight decrease
occured when cultivated higher than 30°c. Furthermore, chlorophyil
contents were deareasad when the cells were exposed to high temperature
and high light intensity (Hg. 27 ).

The linear moddls procedure and Duncan's multiple
range test shoned that, light intensity did not affect astaxanthin content
whereas tenmperature did. optimum tenperature wes 2 ¢ as hownin
appendix 8
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Fgre26  Growth offl, DlUIVialis in The Basal Medium on 02 % (wiv)

Na( supplemented culiture at various tenperatures under 50@), 100( ),
ad 140c) pmd m'V1
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Houe 2/ Effect of tenmperatire an 02 % ( &) Nad supplemented
cutture on astaxanthin and  chlorophyll by DMSO extraction after 8 -
day cultivation
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34.2 Effect of temperature and light intensity,
Supdlemented with sodum acetate
The 4 - day cuttre of H, PlUVIalis NIES 144 on The
Basd Medum wes suppdemented with 2.9 mM CH3D0ONa ad then
wes culivated at 22, 25, 30, ad:sec under 50, 100, ad 400
p md MZContinuous illumination. The call number wes decreesed &5
downin Hg 28
After 8 days of culttivation, astaxarthin from the
cultures cultivated at 22°c under 50, 100, and 140 p nd mWeached
30 pgJ/cell wheress those cultivated at 30 ad 55 ¢ Were deaeased
Futhemmore, the chlorophyll contents were slightly different (Hg. 29 ).
The linear nodds procedue and Duncan?
multiple range test shoned that, light intensity did nat affect astaxanthin
content wheress tenerature did. optimum tenperatre wes 22 -« &5
shown in appendix 9
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Fogue28 Gowth ofH. Pluvialis in The Basal Medium on 21.9 ram
supdemented culture of sodium aoetate at various tenperatires under S0
@, 10(b),ad 140(c) j. md m'V1
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Hogue?29 Effect of temperature on 219 mM sodium acetate
supdemented culture on astaxanthin and  chlorophyl by DMSO
extraction after 8- day cultivation
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35 Hifet offermous suphate
The cuture on The Basd Medum wes initially
supdemented with sodium aoetate at 21.9 and 438 mM and cultivated
under 20, 40, and 60 p mol m'V 1light illumination. Then O, 225, 450,
ad 900 P M of farous suphate were further supplemented ad
incubated at 22°c under 140 p md m'V1 As shoan in Fg.30 and 32,
cell number wes slightly deareased in bath of the experiments.

For astaxanthin contert, supplementation with ferrous
suphate did nat affect astaxanthin accumulation. Astaxanthin contents
reached 31 pg / cell. On the ather hand, chlorophyll contert wes nat
different when initial light intensities were 20, 40, and 60 p md m'V1
(Fg.3L ad 33).The wavelength were scamed  from 300 to 800 nra as
gownin fig 34

The linear moddls procedure and Duncan's muttiple
range tested shoned that light intensity did not affect astaxanthin content
when supplemented with 21.9 and 438 mM sodum aodate. Fermous
suphete affected astaxarnthin contert when suppdlemented with 21.9 mvi
sodum aogtate but not with 438 mM sodium aoetate. Addition of 225
pM femous suphete gave high astaxanthin. In addition, initial light
intensity from 20 - 60 pmal m'V1did not affect astaxanthin content as
shonn in appendix 10
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Foue30 Gowth of H. plUvialis in The Basd Medium initially
cultivated at 20, 40, and 60 p ol m'V1and with 21.9 mMl of sodium
aodtate at day 4 with various concentrations of ferrous sulphete under 140
Jmol m'V1at 22°c
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4 and following cultivated at 140 fl md iV 1for 4 days on astaxanthin
and chlorophyll by DMSO extraction after 8- day cultivation
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Fowre2 Gowth of H. pluvials in The Basd Medium initially
cultivated at 20, 40, ad 60 fl mol mV 1and with 43.8mM of sodum
aodtate at day 4 with various concentrations of ferrous sulphete under 140
ILmol m'Vat 22°c
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Hogue 33 Effect of ferrous suphete on 438 mM sodum aodtate
Supdlementation after cultivated under 20, 40, and 60 p nol m'V 1at day
4 ad following cultivated at 140p md m'V1for 4 days on astaxarthin
and chlorophyll by DIMISO extraction after 8 - day cultivation
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Figure 34 Absorbance of DVISO extraction of H. PlUVialis on growth at
day0(@), 2(b), 4(c) adafter actate supplementation at day 6 (d)
a8 (@
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4, Partial analysis of astaxanthin from . pluvialis NIES 144

by HPLC nmetihod

00L g of lyophilized . pluvialis NIES 144 cdl wes
extracted with acetone. Chrometography wes camed out by HPLC ona
revere phese ¢ 18 cdum. Sendes were injected into a40 pi loop. The
sovert sysem induded acetonetrilie  HD (9:1) sovert A, ad 100 %
ethyl aodtate - soivert B. The pigments were separated by a step gradient
between soivert A and B for 30 min asfollows : 0- 10 min, 0- 60 %8B
10-20 min, 680 - 100 %; 20 - 30 min, 100 % B. Area under the pesks
were integrated against peak of known quantities of standard astaxarnthin.

As donn in FHg 35, peeks ware identified by typical
retention time with standard astaxarthin at 12 min. The shap pesk of
astaxanthin wes dosenved We calculated the astaxanthin and its ester
conterts by integrating pesk 12 to peek 16. The vaue of 0.70 % ( / )
ad 127 % ( / ) wes foud for geen cell ad red oyst ol of .
pluvialis NIES 144 respectively.
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astaxanthin (12.67)

Hgue35 HPLC chromatogram of standard astaxanthin (a),
astaxanthin and its esters in green vegetative (b) and red cyst cell (¢ ) by
aosione extraction using reverse phese C 18 cdumm with acetonitrile : HD
and ethylacetate solvert system
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Figure 36 Cultures (a) and lyophilized products (b) of vegetative green
celland red cystcell of  piuvians NIES 144
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