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Fig. 1 The procedures for de-salted
treatments and dry weight measurements.
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Nannochloropsis oceanica cultures under
different conditions.

Calibration curves from OD and DW
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Table 1

The measured optical density at 682nm of Nannochloropsis oceanica cultures and its diluted solutions with

2 to 20 volume RO water and the calculated values using the dilute ratio. The values with different superscripts for the
calculated are significantly different (P < 0.05, Turkey’s test). Data are Means =+ standard deviation (SD) (n = 3)

OD682 calculated

Dilute rate OD682 measured

0 2.864

2 1.484 + 0.002
4 0.764 = 0.004
6 0.521 + 0.003
8 0.401 = 0.002
10 0.329 = 0.002
15 0.226 = 0.002
20 0.174 = 0.002

2.969 + 0.0045
3.056 = 0.014'
3.128 + 0.015°
3.211 £ 0.017¢
3.287 +0.015¢
3.395 + 0.023"
3.473 £ 0.031°

— ~ RS B HZ 2

EERFE AN Table 1 DUATEGRE BEHIS i
i ﬂ?‘ IR, OD682 Fy 2.864 [F > FHLL RO
7KAE 2 ~ 20 fEMEER - G2 OD682 41fA 0.174 ~
1.484 » [IFREFEEERSHL - OD682 /1Y 2.969 ~
3.473 > BHEAEINIRME - EREE FRRAS BB i
Tt DL RO /K EF TR RS A R ] RE 2B Y
i - HA A 2T AR e e o b R R
A—f 5 SRR B S S s R
EONGAUERER > FHREEET -

s B R R R

FEBRE OD682 hy 1.545 ZEEE R By 48
mS/cm > KGEA[E LT BEE R 0~
0.51 mS/cm » ZRFEHEE AL (p<0.05) - D)
EC EERE 3 - HEEE R 00 IZHEAK S R

FATTR IR (B) A%z B2 BASE S o 7 R
#H (Table 2)- EAS RN DISE#ETEZ AB BB
WRASSCER B BRI AN TR 5 HERE RO ZKEREE 23K
SRR — MK (Table 2) - LA DIAS
H o BT EE AW - Henhsiieiz
B ZERA o AR B S IR B I e iR IR - BRIRIY
H&E Ry e —EERE AR - KM
s B S SRR T A8 - PR AR
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Table 2 The Conductivity of Nannochloropsis oceanica cultures before and after de-salted treatments and their
biomass dry weight. The values with different superscripts for the same column are significantly different (P < 0.05,
Turkey’s test). Data are Means + standard deviation (SD) (n = 3)

Conductivity (mS/cm)

Treatments

Dry weight (g/L)

Rinse Start End
B - 48 48 0.8859 = 0.0027°
2AF 45.8 48 0.05 + 0.02% 0.3268 + 0.0008¢
1AB 37 48 0.51 + 0.03° 0.3947 = 0.0013"
2AB 37 48 0.08 + 0.03° 0.3244 = 0.0014°
2RO 0 48 0.17 £ 0.04° 0.3319 = 0.0008°
EC 0 48 0 0.3208 + 0.0004

*B: no treatment; 2AF: 2 volume Ammonium formate; 2AB: 2 volume Ammonium bicarbonate; 2RO: 2 volume reverse osmosis

water; EC: centrifuged and wash with RO till conductivity = 0

ERORZ LEBIA 2 % (Zhu and Lee, 1997) ~ 5 f%
(7, 2006) FFE5E 10 f%.2% (Chini Zittelli et al.,
2000) -
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TER B FNRE B > DAH R B B B

ISE 73+ SR TR R TR o W G (L By B o
PERAGRRE (Fig. 4 B - D) » H R* (B3 0.99 - {HHY
N [ 2 T AR A SR T SR A R M TR R
—HEAY > RIEFEIERF 2000-L SE5EWsESTHS 3% -
TRIFEE R e g g -

VY ~ EHIRZE ~ R Rz E AR
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Pl = R RIS 2 SR (R E Nz E
B R B B S O SRR R R BT
e 40 Table 3 o UK A8 T > 16 1-L
I 3 REERIRE s (OD682 = 3.699) ZEH]
WoEBIGT R BN AHE AR > HMER OD
0.445 IR < B IR BRI RS Uik L AT ERZ
B BT ERIEZE R 1 2.60% (2.152 g/IL —
2208 g/L) ; MiFEER OD 0.79 1351 R A
1.63% 55 » DUBR K] 7R BB o 3 BT {0 B IR B B
HRZEINZ A SN 100-L 2H 5 RER » Wik
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AR EHFZEIEN0.91% K 3.73%¢[{E40-L %
B4 11 KR > sk OD = 0.395 K OD = 0.785
AT B B B R A S B (R R R
W 25 » Hilr B B HIRZ B 1.61% K
B 1.07% o PLAS FRUR DM ERR B HIRZE - 0]k
WREE R ET R E - BFORE N2 E 2 351
-1.63 ~3.62% [ -

HHE = R PR BRI .2 OD682 (0.391



54  FRAEEE - EELEE - THUK - BRESHL

0.30
A
025 F  y=0.2829x-0.0171
R?2=0.9973

0.20
o
E
g 015
£
(e}
2

0.10

0.05

0.00 . . a

0.0 0.2 0.4 0.6 0.8 1.0
Optical density (682 nm)
0.25 r
C
020 b y=0.1338x-0.0007
R?=0.9903

3 015
g
£
2 0.10
o

0.05

0.00 1 1 1 1

0.0 0.2 0.4 0.6 0.8 1.0

Optical density (682 nm)

0.25
B
y = 0.2154x - 0.0056
020 R2 =0.9978
=
® 015
z
£
S
@ 0.10 }
0.05 }
0.00 . L L
0.0 0.2 0.4 0.6 0.8 1.0
Optical density (682 nm)
0.25
D
020 | y=0.232x - 0.016
R2 =0.991
~ 0.5
2
E 010
2
0.05
0.00 1 1 1 1 J
0.0 0.2 0.4 0.6 0.8 1.0

Optical density (682 nm)

Fig. 4 Calibration curve obtained from optical density at 682 nm and the biomass dry weight from the
Nannochloropsis oceanica cultures under different conditions. A: 1-L; 2% CO,; 0.25 vvm; d 6 culture day; OD682 =
0.958 x 10. B: 40-L; 2% CO,; 0.15 vvm; d5 culture day; OD682= 0.290 x 10. C: 2000-L; 450 ml/min CO,; Peddle
wheel; d3 culture day; OD682 = 1.123. D: 2000-L; 450 ml/min CO,; Peddle wheel; d17 culture day; OD682=0.966.
Algal culture of the indicated culture day was diluted to 5 groups with RO water to have its OD682 value ranged from

0.2 to 1.0. Dry weight was measured by EC method.

~ 0.794 Table 4 OD682 of diluted solutions) » E A
Fig. 4A, 4B & 4D 2 =k iR =l e Sepm i £
o G TEBOR A TS E] A =R S EHE A
H (Table 4) - FhigHEAlnZ EHELEHIGZE - B
AR R EHEZE L 1 ~48% Hi-1 ~-20% - 74
[ R N AR AE R - ANA] Ky 1-L ¢ 40-L
R TR 2 HEASHZEE - BRI 1 ~
5% e 15 ~ 18% 3 ANFIFIAMRM T - HEREEIE
KRI3ARy -13 ~-20% J¢ 10 ~ 48% ; (HARFEBLIRE
HEAEE/KIR AL ~ FRRERE R RIRIAHRAME - 1 100-L

IR 0 LA 1-L > 40-L Jz 2000-L g 7RE =X - B
Z MEALEZ B IR B P o RS R 12 ~
24% ~ -1 ~-6% K -11~ 1% » 3G HE]E -

DA KO E AL B4 & FZ2 5 > Chiu et al.
(2008) FEHIE OD682 KJA 1.0 Chlorella sp. 77K
MRy 0.1 ~ 1.0 DIy » RHIHAEH & KA
TERRME T HARAS + SRR BB S 2 ot (E B
HZE (0.0 ~ 021 g/lb) Z#pMETiRE = - HEAS
Chlorella sp. #y4EE &£ 1.2 ~ 5 g/L (Chiu et al,,
2009a, b) < #X1T » 2= (2006) H AL =ik =L
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Table 3 The directly measured DW, and the calculated DW from the measured DW of diluted solutions multiplied by
dilute ratio. The values with different superscripts (a, b) for the same culture are significantly different (P < 0.05,
Turkey’s test). Data are Means + standard deviation (SD) (n = 3). Error % = (Calculated DW—Measured DW) /
Measured DW %

Culture facilities 1-L 40-L 100-L
Aeration 2% CO,; 0.25vvm 2% CO,; 0.15vvm 2% CO,; 0.10vvm
Culture days d3 di1 ds
0OD682 3.699 1.83 1.991

Measured DW(g/L) 2.152 +0.003° 0.373 + 0.002% 0.552 £ 0.003*

Calculated DW(g/L) 2.208 +0.010° 2.117 £0.019¢ 0.367 + 0.004* 0.377 +0.006* 0.557 +0.009° 0.572 + 0.037°

0OD682 of diluted solutions 0.445 0.79 0.395 0.785 0.391 0.794
Measured DW(g/L) 0.106 0.2027 0.0681 0.1402 0.0844 0.1717
Dilute ratio 20.8 10.5 5.4 2.7 6.6 3.3

Calculated DW(Error %) 2.60% -1.63% -1.61% 1.07% 0.91% 3.62%

Table 4 The directly measured DW, and the deduced DW from the estimated DW from the linear equations under
different culture conditions using the measured OD of diluted solutions and multiplied by dilute ratio. Error (%) =
(Deduced DW —Measured DW) / Measured DW %

Culture condition 1-L (d3) 40-L (d11) 100-L (d5)
0D682 3.699 1.83 1.991
Measured DW(g/L) 2.152 £ 0.003 0.373 £ 0.002 0.552 £ 0.003
0OD682 of diluted solutions 0.445 0.79 0.395 0.785 0.391 0.794
Dilute ratio 20.8 10.5 5.4 2.7 6.6 3.3
Deduced DW(g/L)

1-L d6* 2.263 2.167 0.511 0.553 0.617 0.685
40-L d5* 1.877 1.728 0.429 0.441 0.519 0.546
2000-L d17* 1.815 1.756 0.408 0.449 0.493 0.555
Deduced DW (Error %)

1-L d6* 5% 1% 37% 48% 12% 24%
40-L d5* -13% -20% 15% 18% -6% -1%
2000-L d17* -16% -18% 10% 20% -11% 1%

*The linear equations 1-L: y = 0.2829 x - 0.0171; 40-L: y = 0.2154 x - 0.0056; 2000-L: y = 0.232 x - 0.016 derived from Fig. 4.

By OD680 Bz E AR TR > E AR
MRERESHTIRE (3,5, 10 g/L) (¥ > HEEREEZ R

REFHERS - B HIEZE RN 1 ~ 18%. 2352
FEANFIESE AT T > HIRRAE s -13 ~ -20% ~ 48 ~

Mt EEAR (3% 2007) HA 625 nm
F I TR (Hsueh et al., 2007) -
Hsieh and Wu (2009) HIJZ¥ks Chlorella sp. fEfRE
o B BB N RS - AR ERAGEAE
EARE R - RUFFeiE R LEURE R
VAR ANA1 R SE H #0121l » 255 Chiu
etal. (2008) HY /5% » DA R BEE 2 A1 T

10% Bl 24 ~ -11% » Sorokin (1979) BREfgHELL
OGIEAHAE A B - 2 OB EIERT A
o (AR R RS ) - HROUE
BT CR SRR TR AR AT RGO
T2 PR - tWFRARFEM > DUREER LR
TRUDEE - IKIELROBEHE HERG 75 - (BRI by
FEIBIE L 2% - 25 R LEEHE A e REE RF I
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Estimation of Biomass Dry Weight of
Nannochloropsis oceanica Using Optical Density

Huei-Meei Su’, Kai-Tse Cheng, Sui-Sin Wang and Tzyy-Ing Chen

Tungkang Biotechnology Research Center, Fisheries Research Institute

ABSTRACT

Lipid productivity, calculated from the biomass production and lipid content, is a key characteristic of the
algal species and the culture strategy for biodiesel production. Both biomass production and lipid content are
based on the biomass dry weight (DW). Due to inconvenient operation of the exactly measured DW, some
reports used the estimated biomass DW by the optical density measurements and their calibration curves. At first,
the different de-salted methods for DW determination of marine microalgae Nannochloropsis oceanica, a
candidate for biodiesel production, were tested. The DW of non-washed samples was at least 2.4 times higher
than those washed by reverse osmosis (RO) water, 0.5 M ammonium formate or 0.5 M ammonium bicarbonate
or EC method (algal centrifuged and then washed with RO water till its electric conductivity became zero). The
DW of EC method was the significantly lowest (p < 0.05) and used in the following experiments. The
independent calibration curves from OD682 and DW were obtained by linear regression (R*= 0.990 ~ 0.998)
from 4 different culture conditions. Compared the measured DW of three condensed algal (OD682 > 1) and their
deduced DW, estimated from measured OD682 of their diluted solutions and the linear equations, a great
difference was found with the errors from -20% to 48%. The errors that compared the measured DW of the
original algal cultures was compared with the calculated DW from the measured DW of their diluted solutions
multiplied by dilution factor were lower (-1.63 ~ 3.62%). The results indicated that the biomass concentration of
N. oceanica might be determined by DW measurement of de-salted algal taht washed with RO water, and then
used for its lipid content or productivity calculation. The OD682 may be used as a reference of the growth of

algal culture.
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