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Ahstract Green autotrophic alga Chlorella protothecsides contains a very small quantity of hydrocar-
bons. Heterotrophic culture of this alga results in the cells yellowing, chlorophyll disappearing, protein de-
creasing and lipid increasing remarkably, The quantities of hydrocarbons from them dircctly and from the
thermal degradation of the cells at or below 200°C are very low. These hydrocarbons are characterized by
predominance of high molecular weight normal alkanes with maximum at Czs —Cgz. When these heterotrophi-
cally yellowing cells are thermally degraded at 300°C , the aliphatic hydrocarbons increase greatly, 32 times
that of the green autotrophic ones at the same temperature, Meanwhile, the low molecular weight normal
alkanes with C;; as the peak become predominant instead of the original ones of high molecular weight, The
actual potential of microplanktonic algae in producing hydrocarbons should be much greater than what people

have recognized before.
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1 Introduction

Most of studies on characteristics of algae-generated hydrocarbons focus on the
samples of crude oils, source rocks and some micro-algal fossils'™®, The thermil simu-
lant experiments of algae often use green autotrophic cells directly as materials™ %, It
has been found that some species of micro-algae can transfer from autotrophic growth to
heterotrophic growth in the environment rich in organic carbon nutrition, which results
in algae yellowing and chlorophyll disappearing™ ", The gradual change of cells from
green to yellow and degeneration or disappearance of chlorophyll are also the characters
of algal cells in process of the deposition and burial before subject to thermal degrada-
tion in nature, Higher gas generation rate has been reported {rom thermal degradation of
these heterotrophicall yellowing cells™, but the influences of heterotrophic yellowing
and its biochemical changes in cells on liquid hydrocarbons from thermal degradation are
unclear. The purpose of this study is to simulate the process of heterotrophically yel-
lowing algal cells subject to thermal degradation and investigate the influence of bio-

chemical changes in cells on the potentials and patterns of algae-generated hydracar-
bons.
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3 Results

3.1 Fatty Acids and Amino Acids in Two Kinds of Ceils

The determinations of crude lipids and fatty acids in heterotrophic yellowing alga
and green autotrophic one showed that the content of erude lipid in the former was much
higher than that in the latter (Table 1), Their compositions and relative contents of fat-
ty acids were also remarkably different. Especially, heterotrophically yellowing cells

contained a large amount of oleic acid accounting for 69, 36% of the total fatty acids.

Table 1 Contents of Crude Lipid and Fatty Acids

Relative contents of fatty acids

Lipid/algae oleic linolele  pelmitic  lionlentic  lauric arachidie
Samples
(M) acid acid acid seid acid acid
A8+¢1y  Q8+2) 16+ 0)  (18+3) {1210} (200 Q)

Yellowing cells \ 72,961 69,36 15.28 1112 3. 38 0.78 0.01
i
}
|

Green cells 18,53 11.99 §6. 00 16, 14 11,06 - 4.78

] (328~329H I3.1 Fatty Acids and Amino Acids in Two Kinds
of Cellsy ) (3 #&#m
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Abstract

The aim of the study was to obtain high quality biodiesel production from a microalga Chlorella protothecoids through the
technology of transesterification. The technigue of metabolic controlling through heterotrophic growth of C. protothecoides was
applied, and the heterotrophic C, protothecoides contained the crude lipid content of 55.2%. To increase the biomass and reduce
the cost of alga, corn powder hydrolysate instead of glucose was used as organic carbon source in heterotrophic eulture medium
in fermenters. The result showed that cell density significantly increased under the heterotrophic cendition, and the highest cell
concentration reached 15,5 gL~", Large amount of microalgal oil was efficiently extracted from the heterotrophic cells by using
n-hexane, and then transmuted into biodiesel by acidic transesterification. The biodiesel was characterized by a high heating
value of 41 MIkg ', a density of 0.864kg L1, and a viscosity of 5.2 x 10~* Pas (at 40 °C). The method has great potential in
the industrial production of liquid fuel from microalga.

1 (49 9H lAbstract] ) (EH
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protothecoidesMIEBRBEIEIC K 2 RBFAHDHRMEFA L=, WiRELE
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1. Introduction

As a biodegradable, renewable, and non-toxic fuel,
biodiesel fuel has received considerable attention in
recent years. It also contributes no net carbon dioxide
or sulfur to the atmosphere and emits less gaseous pol-
lutants than conventional diesel fuel (Lang et al., 2001;
Antolin ct al., 2002; Vicente et al., 2004). Biodiesel

fuel, which consists of the simple alkyl esters of fatty
acids, 18 presently making the transition from a research
topic and demonstration fuel to a marketed commodity.
Annual US productien in 2001 has been estimated at
57-76 million liters, with European production more
than 10 times that size (Jon Van Gerpen, 2003). How-
ever, the economic aspect of biodiesel production limits
its development and large-scale use. Biodiesel usually
costs over US$0.5L~", compared to US$0.35L! for
conventional diesel fuel (Zhang et al., 2003).
Chlorella protothecoides is a microalga that can
grow photoautotrophically or heterotrophically under

different culture conditions. Heterotrophic growth of
C. protothecoides supplied with acetate, glucose, or
other organic compounds as carbon source, results in
high biomass and high content of lipid in cells (Endo
et al,, 1977; Wu et al., 1994), With the addition of
the organic carbon source (glucese) to the medium
and the decrease of the inorganic nitrogen source in
the medium, the heterotrophic C. protothecoides was
cultivated with the crude lipid content up to 55.2%,
which was about four times that in photoautotrophic
C. protothecoides (Miao and Wu, 2004a). Therefore,
C. protothecoides has not enly become an important
source of many products, such as aquaculture feeds,
human food supplements, and pharmaceuticals (Kyle,
1992; Running et al.. 1994; Borowitzka, 1995; Chen.
1996), but also been suggested as a very good candi-
date for fuel production (Wu et al., 1992; Wen et al.,
2002; Miao and Wu, 2004a).

To increase the biomass and reduce the cost of alga,
corn powder hydrolysate (CPH) as substrate in hetero-
tophic growth of C. protothecoides was used. Chiorella
protothecoides was heterotrophically cultured ina 5L
stirred tank fermenter with CPH feeding, which gave
significant improvement in cell density (15.5gL~")
and productivity. High quality biodiesel was obtained
from heterotrophic microalgal oil by acidic transesteri-
fication, It was characterized by a high heating value of
41 MJIkg~!, adensity of 0.864kg L™, and a viscosity
of 5.2 % 107* Pas (at 40 °C).
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Cell wall-lytic activity also has species-specificity.
Araki and Takeda (1992) showed that there are two types
of Iytic enzyme in Chlorella, The enzyme of the first
group has optimal pH at alkaline, and that of the secand
group has acidic optimal pH. The enzymes of both
groups differ also in their localization. The iytic enzyme
of alkaline optimal pH was found in both cytesol and cell
wall, and the enzyme of acidic optimal pH was not found
in cytosol, but in the culture medium in addition to the

localization on the cell wall. Chlorella with lytic enzyme of
alkaline optimal pH has the rigid wall of glucosamine, and
that with the enzyme of acidic optimal pH has the rigid
wall of glucose and mannose. Cell wall Iytic enzyme
extracted from a Chlorella was acted upon the cell walls
of various Chlorella. A lytic enzyme degrades their own
cell wall, as a matter of course. The enzyme alsoc
degraded the cell wall of some other strains, but it was
restricted only to closely related strains (Araki and Takeda
1992). The cell wall ytic enzyme was shown to have
species-specificity.
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ABSTRACT
Cell walls of forty Chlorella strains covering all species
of the Algal Collection of Gattingen (C. fusca var. vac-
uolata, C. kessleri, C, luteoviridis, C. minutissima,
C. protothecoides, C. saccharophila, C. sorokiniana,
C. vulgaris, and C. zofingiensis) were compared. The
nine species were divided into two growps arcording to the
major sugar in the rigid wall. The fust group had a
glucose—mannose-vigid wall and included C. fusca var,
vacuolata, C. luteoviridis, C. minutissima, C. pro-
tothecoides, C. saccharophila, and C. zofingiensis.
The second group. with a glucosamme-rigid wall, included
C. kessleri, C. sorokiniana, and C. vulgaris. Chlorella
strains of the nine species were further classified by can-
stituent sugears, ruthenivom red stainability, and anisot-

rofry of the cell walls.

1 (522 4B%H TAbstract] ) (Go t t
(C. fusca var. vacuo
kessleri, C. luteovir
Mminutissima, C. proto
saccharophila, C. sor
vulgaris. RUC. zofing
540DV OLTHOMBEEZFLLEL /-
FELGBEK-T2O0HF TNz, T—

)

)

WIS —0 - ~m

enMDEHFIALY 3
a. C.

s. C.
coides, C.
niana, C.
sis) DEEEZH/IN—
DIEIL, BLEEZHITS
X, YILa—x—-—<v



J—ADEWNEZHL. COEICIE. C fusca var.
vacuolata, C. luteoviridis, C.
Mminutissima, C. protothecoides, C.
saccharophila. RUC. zofingiensish&%x
htodwzﬁsywﬁuﬂﬁﬁﬁé%:mﬁt@~C_
kessleri., C. sorokiniana. RUC.
vulgarishE&FENnz, 9ODODEDYVOLSHKE. MIBEEDOE/E.
IWTZoLKRERE, RUBRBAMRIZCE>TELIIREELT, )
[Z% 3 5]
(Zz38a) T

INTRODUCTION

The cell wall of Chlorella species is specifically diverse
[1-3]. After comparing cell wall compositions, Takeda
[4] presented a classification of Chlorella. This genus can
be divided into two big groups by the sugar constituent of
the rigid wall, a glucose-mannose-type and glucosamine-
type. The former include C. fusca var. vacuolata, C.
luteoyiridis, C, minutissima, C. protothecoides, C. saccharo-
phila and C. zofingiensis, the latter C. kessleri, C. sorokin-
iana and C. vulgaris [4]. All species differed in their
Ruthenium Red stainability, anisotropy and sugar com-
position of matrix polysaccharides.

In this study cell walls of eight Chlorella strains and one
strain each of Scenedesmus and Viridiellz were assigned to

species.
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