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18.1 INTRODUCTION
18.1.1 ABOUT YAMAHA MOTOR CO.
LTD

Yamaha Motor Co. Ltd. was a spin-off from its
parent musical instrument company, Nippon
Gakki Co. Ltd. (now Yamaha Co. Ltd.) and
became an independent company in 1955,
supplying the latest motorcycles in Shizuoka,
Japan. At the time more than 100 motorcycle
companies existed in Japan; now only four
companies exist, including Yamaha Motor.
Yamaha Motor is mainly concerned with
manufacturing and supplying motorcycles,
marine products, and many other types of
power products worldwide. Approximately
90% of its sales come from motorcycles,
marine products, and power products: only
10% of all their sales are generated in Japan,
the remaining 90% being overseas orders. In
2006, Yamaha Motor Co. Ltd. pioneered a new
business concerned with biotechnology, which
Yamaha Motor originally developed to provide
bulk astaxanthin as a functional food
ingredient.

18.1.2 SOME BACKGROUND ON THE
RESEARCH AND DEVELOPMENT INTO
MICROALGAL BIOTECHNOLOGY BY
YAMAHA MOTOR

In 1997, a meeting was held in Kyoto, Japan,
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18,1 GIOI THIEU

18.1.1 GIOI THIEU VE CONG TY TNHH
YAMAHA MOTOR

Cong ty TNHH Yamaha Motor 1a mot cong ti
tmg dung khoa hoc tir cong ty me chuyén vé
linh vuc dung cu am nhac, Céng ty TNHH
Nippon Gakki (nay la Céng ty TNHH
Yamaha) va da tr¢ thanh mét cong ty doc lap
vao nam 1955, cung cip nhirng chiéc xe md to
(xe may) moi nhat & Shizuoka, Nhat Ban. Vao
thoi diém dé, hon 100 cong ty san xudt mé to
ton tai & Nhat Ban, bay gid chi con bdn cdng ty
ton tai, trong d6 c6 Yamaha Motor. Yamaha
Motor chu yéu quan tdm dén viéc san xuat va
cung cip xe md to (xe may), san pham bién, va
nhiéu loai thiét bi di¢n khic nhau trén toan thé
gi6i. Khoang 90% doanh thu ctia cong ti dén tir
Xe may, san phém bién, va cac thiét bi dién: chi
c6 10% doanh sb ban hang ctua ho duogc tao ra
o0 Nhat Ban, 90% con lai 1a cac don dat hang &
nudc ngoai. Vao nam 2006, Cong ty TNHH
Yamaha Motor di tién phong trong linh vuc
kinh doanh mo¢i lién quan dén cong nghé sinh
hoc, ma Yamaha Motor budc dau phat trién dé
cung cip sé luong 16n astaxanthin dung lam
mdt thanh phan cta thuc phdm chic ning.

18.1.2 CO SO HINH THANH VA PHAT
TRIEN HUONG NGHIEN CUU CONG
NGHE SINH HOC VI TAO CUA YAMAHA
MOTOR




to discuss the international convention on the
stabilization of greenhouse gas concentration
in the atmosphere. At the meeting, many
advanced countries agreed to reduce the
emissions of six greenhouse gases, including
CO2. In Japan, the Kyoto meeting was
considered very important for many people and
companies, alerting them to the effects of
global warming.  Environmental issues
concerning global warming set Yamaha Motor
on the road to researching and developing
carbon dioxide reduction and fixation
technology. In addition, they began to develop
environmentally friendly power products, such
as lower CO2 emission engines and fuel cells.
Yamaha Motor became interested in the
biofixation of CO2 using algal photosynthesis,
which has a CO2-fixing capability far superior
to that of higher plants. In the creation of an
efficient  biofixation system based on
microalgae mass culture, Yamaha Motor began
developing new conceptual photobioreactors
using fluid dynamics technology that was
previously utilized in the field of marine
products (see Section 18.3 for details).
Throughout the research, they accumulated
specific technology for microalgae mass
cultivation, including several photobioreactors
in which each microalgal cell could be
supplied with adequate light photons, dissolved
CO2, and the nutrients required for maximum
photosynthesis. The successful development of
high-density mass cultivation technology led
them to a further challenge in microalgal
biomass production, producing astaxanthin on
a commercial scale as a functional foods for
the nutraceutical industry.

Nam 1997, mot cudc hop dugc to chuc tai
Kyoto, Nhat Ban, dé thao ludn vé cac quy udc
qudc té trong viéc 6n dinh hoa ndng do khi nha
kinh trong bau khi quyén. Tai cudc hop, nhiéu
nude tién tién dong ¥ cit giam phat thai 6 loai
khi nha kinh, bao gém ca CO2. Tai Nhat Ban,
cudc hop Kyoto duoc xem 14 rat quan trong d6i
v6i nhiéu nguoi dan va cac cong ty, canh béo
nhitng tac dong ctia sy noéng 1én toan cau. Van
dé moi trudng lién quan dén sy ndng 1én toan
cau dit ra cho Yamaha Motor mot hudng
nghién ciu va phat trién cong nghé dé lam
giam va c¢d dinh luwong khi carbon dioxide.
Ngoai ra, ho ciing bat dau phat trién cic san
pham ning luong than thién véi moi trudng,
chang han nhu cac dong co thai CO2 thap hon
va cac pin mat troi. Yamaha Motor da quan
tam dén viéc gitr cho lwong khi CO2 khong doi
bang cach st dung hién tuong quang hop cua
tdo, c6 kha nang ¢d dinh lugng CO2 cao hon
nhiéu so vé&i cac thuc vat bac cao. Trong qua
trinh tao ra hé én dinh sinh hoc hiéu qua dua
trén nudi sinh khdi vi tdo, Yamaha Motor bit
dau phat trién cac thiét bi phan tng quang sinh
hoc moi bang cach st dung cong nghé dong
luc chét long da dugc sir dung trong linh vuc
thuy hai san (xem muc 18.3 dé biét thém chi
tiét). Trong qué trinh nghién cau, ho da tich
lay cong nghé chuyén biét cho viéc nudi sinh
khéi vi tao, bao g6m ca mot sd Thiét bi phan
g quang sinh hoc trong d6 mdi 6 (té bao) Vi
tao dugc nudi bang cac photon anh sang thich
hop, hoa tan CO2 va cac chét dinh dudng cin
thiét t6i da hoa qua trinh quang hop. Viéc phat
trién thanh céng cong nghé nudi hang loat mat
dd cao lam cho hg c6 thém co hdi trong viéc
san xuat sinh khdi vi tao, san xuit astaxanthin
trén quy mo thuong mai vdi tu cach 1a mot loai
thyc pham chirc ning cho nganh cong nghiép
thyc pham dinh dudng.




18.2 AN OVERVIEW OF MICROALGAE
MASS CULTURE IN FUNCTIONAL
FOODS AND THE NUTRACEUTICAL
INDUSTRY

Microalgae, including cyanobacteria, are
microscopic  photoautotrophs  in  which
inorganic compounds and sunlight energy are
converted into biomass. Applied research on
algal culture and biomass began in the late
1940s (Burlew, 1953). This research included
alternative and unconventional protein sources,
photosynthetic gas exchange for space travel,
aquaculture feed, wastewater treatment,
renewable energy sources, biological fixation
of greenhouse CO2, and production of
recombinant biopharmaceuticals (Borowitzka,
1995; Becker, 2004; Spolare et al., 2006;
Eriksen, 2008). It was discovered that
microalgae synthesize a variety of valuable
substances, including carbohydrates, lipids,
vitamins, pigments, and other biological active
compounds (Borowitzka, 1995; Becker, 2004;
Pulz and Gross, 2004; Spolare et al., 2006;
Cardozo et al., 2007). Microalgal cultivation
technology and its subsequent biomass and
products have received much research attention
in the last 5-6 decades due to their potential as
possible commodities and other industrial
applications. However, only a limited number
of microalgae have been found suitable to
produce competitively priced products for use
in functional foods and the nutraceutical
industry (Vonshak, 1990; Borowitzka, 1999;
Ben-Amotz, 2004; Cysewski and Lorenz,
2004; Hu, 2004; Iwamoto, 2004; Pulz and
Gross, 2004; Spolaore et al., 2006).

These include: Chlorella, mainly cultured in
Japan, Taiwan, and Germany, with an annual
production of 2000 tons dry weight;

18,2 TONG QUAN VE NUOI SINH KHOI VI
TAO TRONG THUC PHAM CHUC NANG
VA CONG NGHIEP THUC PHAM DINH
DUONG

Vi tdo, bao gom ca vi khuan cyanobacteria, 1a
cac hé thong quang di dudng vi md trong do
cac hop chat vo co va nang luong 4nh sang mat
troi s& duoc chuyén d6i thanh sinh khéi.
Nghién ctru tmg dung vé viéc nudi tao va sinh
khéi bit dau vao cudi nhitng nim 1940
(Burlew, 1953). Nghién ctru ndy lién quan dén
cac ngudn protein thay thé va doc dao, trao doi
khi quang hop khi chuyén dong trong khong
gian, thuc pham thuy san, xir Iy nudc thai, cac
ngudn ning luong tai tao, c¢b dinh sinh hoc khi
CO2 hiéu ung nha kinh, va san xuit duoc
pham sinh hoc tai t6 hop (Borowitzka nim
1995, Becker, 2004, Spolare va cac cong su,
2006; Eriksen, 2008). Nguoi ta da phat hién ra
rang vi tao tong hop mot loat cac chat co gia
tri, bao gém carbohydrates, chit béo, vitamin,
chit mau, va céac hop chét c6 hoat tinh sinh hoc
khac (Borowitzka, nam 1995; Becker, 2004;
Pulz va Gross, 2004; Spolare va cac cong su,
2006; Cardozo va cac cong su, 2007). Cong
nghé nudi vi tao va sau d6 1a sinh khdi cta nd
va cac san pham d3 duoc tap trung nghién ciru
rat nhiéu trong 5-6 thiap ky qua do tiém ning
ctia chung véi tu cach 1a cac san phim thuong
mai, va cac ung dung cong nghi¢p khac. Tuy
nhién, nguoi ta thiy rang chi c6 mot sd lugng
han ché vi tao phu hop dé san xuit cic san
pham gi4 ca canh tranh dé sir dung trong thuc
phim chtc ning va nganh coéng nghiép thuc
pham dinh dudng (Vonshak, 1990; Borowitzka
nam 1999; Ben-Amotz, 2004; Cysewski va
Lorenz, 2004; Hu nam 2004 Iwamoto, 2004,
Pulz va Gross, 2004; Spolaore va cac cong su,
2006). Ching bao gdm: Chlorella, chii yéu
duoc nudi & Nhat Ban, Pai Loan, va Buc, voi




Arthrospira (Spirulina) and Aphanizomenon
flos-aquae, mainly cultured in China, India,
USA, and Japan, with an annual production of
3000 and 500 tons dry weight, respectively;
Dunaliella, mainly cultured in Australia, Israel,
and the United States, with an annual
production of 1200 tons dry weight and which
IS used as a source of P-carotene;
Haematococcus, mainly cultured in the United
States, Israel, Sweden, and Japan, with an
annual production of 300 tons dry weight, used
as a source of astaxanthin; Crypthecodinium
and  Schizochytrium,  mainly  cultured
heterotrophically in the United States, with an
annual production of 240 and 10 tons,
respectively, used as a source of
docosahexaenoic acid (DHA).

The bottleneck of the microalgal business is
price competitiveness, and this depends on dif-
ficulties with microalgal cultivation. These
problems are derived from the growth and
metabolic characteristics of a selected strain
(e.g., growth rate, cellular content of a target
product, opti-mum conditions, and stress
tolerance), the culture system used (ponds and
photobioreactors), and the sustainability of the
culture and hence target product (e.g.,
contamination risks, productivity, quality, and
seasonal effects). Before discussing the
commercial production of microalgae at
Yamaha Motor, details of the technology and
problems are briefly mentioned. For further
details on microalgae, culture systems, and
their advantages and problems, readers are
referred to the book edited by Richmond
(2004) and reviews by Borowitzka (1999), Lee
(2001), Pulz (2001), and Tredici (2004).

Commercial cultivation of microalgae is

san lrong hang nam 1a 2000 tin trong lwong
kho; Arthrospira (Spirulina) va flos-aquae
Aphanizomenon, chii yéu nubi & Trung Québc,
An Do, My, va Nhat Ban, véi san luong hang
nam 3000 va 500 tn trong luong khd, tuwong
tmg; Dunaliella, cha yéu dugc nudi ¢ Uc,
Israel va Hoa Ky, véi san lugng hang nam
1200 tan trong lwong khd va dugc st dung
nhu mdt ngudn P-carotene; Haematococcus,
cha yéu duoc nudi ¢ Hoa Ky, Israel, Thuy
Dién, va Nhat Ban, voi san luong hang nim
300 tan trong lugng kho, dugc st dung nhu
mdt ngudn astaxanthin; Crypthecodinium va
Schizochytrium, chii yéu duoc nudi di dudng
tai Hoa Ky, v&i san lugng hang nam tuong ung
1a 240 va 10 tin, dugc st dung nhu la mdt
ngudn axit docosahexaenoic (axit alpha-
linolenic, DHA).

Tro ngai trong viéc kinh doanh vi tdo 1a sy
canh tranh vé gia ca, va diéu nay phu thudc vao
nhitng khé khan trong vi¢éc nudi vi tdo. Nhitng
van dé nay xuit phat tir nhitng dic diém tang
truong va trao doi chat cia mot dong duoc
chon (vi duy, tbc do tang trudng, ham lugong té
bao cua san phém muc tiéu, diéu kién tdi wu,
va kha ning chdng chiju stress), hé théng nudi
duoc st dung (ao va thiét bi phan tng quang
sinh hoc ), va tinh bén vitng cta san pham nudi
va san pham cudi cung (vi dy, nguy co 6
nhiém, nang suit, chat luong, va céc hi¢u tng
theo mua). Trude khi thao luan vé viéc san
xuat thuong mai vi tao tai Yamaha Motor, chi
tiét vé cong ngh¢ va cac kho khan dugc dé cap
ngan gon. Pé c6 thém thong tin chi tiét vé vi
tao, cac hé thdng nudi, nhitng thuan loi va kho
khin cta ching, doc gia c6 thé tham khao
quyén sach ctia Richmond (2004) va céac tong
quan cua Borowitzka (1999), Lee (2001), Pulz
(2001), va Tredici (2004) .




mainly performed under outdoor conditions
using open-air systems (circular and raceway
ponds) and natural sunlight, due simply to the
economics of production. One of the major
problems with open-air systems of outdoor
cultures is contamination risk, that is,
difficulties in maintaining a monoalgal culture
(species control) and prevention of bacterial
and/or protozoal overgrowth (sterility). An
extreme culture environment is therefore
necessary to reduce the contamination risk, and
a major reason why only a limited number of
microalgae have been successfully mass
cultured under outdoor conditions using open-
air systems and marketed commercially.
Examples include, Dunaliella, which requires
high saline culture conditions, Spirulina, which
requires high alkaline conditions, and
Chlorella, which grows well in nutrient-rich
media.

Another major technical problem affecting
sustainable productivity in microalgal cultures
is the difficulty of supplying an adequate
amount of light to each algal cell. Light
irradiation reach-ing the surface of the culture
is decreased by increasing either the distance
from the surface or the cell density, due to
mutual shading, leading to limited light energy
for algal growth. In open-air systems,
therefore, pond depth must be less than 50 cm
and cell density at harvest is low (less than

0. 6 g dry weight/L) and therefore a very
large culture area is required for commercial-
scale production of algal biomass—hundreds
of hectares, provided by a number of ponds,
each stretching to 1000 m2. Mixing,
temperature and gas transfer are also important
factors for algal growth, but these factors are
difficult to control in open-air systems.

Microalgal culture technology has developed a

Viéc san xuit thuong mai vi tdo dugc thuc hién
chii yéu trong diéu kién ngoai troi bang cach sir
dung hé thong khi ho (cac ao tron va kénh dan
nudc) va anh sdng mat troi ty nhién, don gian
la do tinh Kinh té ctia quy trinh san xuat. Mot
trong nhirng kho khin 16n voi hé thong khi ho
cua phuong phap nudi ngoai troi la nguy co 6
nhiém, tic 13, nhitng khé khian trong viéc duy
tri nudi don tao (kiém soat ching loai) va ngin
chin sy phét trién qua muc cua vi khuan va /
hoac dong vat nguyén sinh (v0 trung). Vi vay,
mdt mdi truong nudi tot rat can thiét dé giam
nguy co 6 nhiém, va d6 ciing 1a li do chinh giai
thich vi sao chi c6 mot sb lugng han ché vi tao
dugc nudi thanh cong trong diéu kién ngoai
troi bang hé thong khi hd va duoc thuong mai
hoa. Cac vi du bao gébm Dunaliella, doi hoi
didu kién nuodi c6 do man cao, Spirulina, doi
hoi diéu kién kiém cao, va Chlorella, phat trién
t6t trong cac moi trudng giau chat dinh dudng.

Mot van dé ky thudt quan trong khac anh
huong dén ning sudt bén viing trong nudi vi
tao 1a kho khin trong viéc cung cip mot sb
luong &nh sang diy da cho mdi 6 (té bao) tao.
Birc xa anh sang dén bé mat nudi bi giam do
tang khoang cach tir bé mit hoic mat do 6, do
su che 1an nhau, din dén ning lwong anh sang
han ché cho su phat trién tao. Do dé, trong cac
hé théng ngoai troi, do sdu cta bé phai nhé hon
50 cm va mat do 6 ldc thu hoach thép (it hon 0.
6 g trong luong kho / L) va do d6 ching ta phai
can mdt dién tich nudi rat 1én dé san xuit sinh
khdi vi tao & quy md thuong mai - hang traim
ha, duoc cung cip boi mot sd ao, mdi ao kéo
dai dén 1000 m2. Sy pha tron, nhiét do va su
trao ddi khi ciing 1a yéu td quan trong cho su
phét trién cua tao, nhung nhiing yéu t6 nay kho
kiém soét trong hé thong khi ho.

Cong Nghé nudi vi tio dd phat trién mot hé




closed system using a photobioreactor to over-
come the problems discussed above, especially
contamination risk and light limitation, and
consequently to achieve higher cell density. In
typical photobioreactors, a series of transparent
tubes, flat plate chambers, cylinders, or sleeves
are positioned vertically, horizontally, coiled,
or at a desired angle. Mixing and temperature
control are also improved in comparison with
open-air systems. An optical path in the
photobioreactor is a precise parameter which
can be altered through the diameter of tube or
thickness of the chamber, to control algal
growth and productivity in photoautotropic
cultures. In general, a shorter optical path
produces a higher cell density, while culture
volume per reactor decreases, resulting in a
larger surface area-to-volume ratio. The high
cost of bioreactors and difficulties in scale-up
are the two bottlenecks of photobioreactors,
which limits successful use of commercial
scale photobioreactors in the microalgal
business (Tredici, 2004).

Both ponds and outdoor photobioreactors have
been used for autotrophic cultivation of
Haematococcus pluvialis, used in astaxanthin
production (Olaizola and Huntley, 2003;
Cysewski and Lorenz, 2004; Del Campo et al.,
2007). Constant irradiation of sufficiently high
light and temperature control are required,
since light intensity and temperature are the
most critical factors affecting the growth of H.
pluvialis and astaxanthin  accumulation
(Margalith, 1999). In addition, sterility is a
severe problem in the cultivation of
Haematococcus, compared  with  other
successfully mass-cultured algae (Dunaliella,
Spirulina, and Chlorella), since no selective

thong khép kin bang cach sir dung mot thiét bi
phan @ng quang sinh hoc dé khic phuc nhiing
van dé d3 ndi & trén, dic biét 1a nguy co 0
nhiém va anh sang han ché (it, khong du), va
do d6 dé dat dugc mat do 6 cao hon. Trong cac
thiét bi phan tng quang sinh hoc dién hinh,
mdt loat cac 6ng trong sudt, cic budng tdm
phang, hinh tru, hodc cac dng boc ngoai duoc
dat theo chiéu doc, chiéu ngang, cudn, hoac &
mdt goc mong mudn. Tron va kiém soat nhiét
do cling duogc cai thi¢n so voi cac hé théng
ngoai trol. Puong di cua tia sang (quang 10)
trong thiét bi phan ing quang sinh hoc 13 mot
tham s chinh xac co thé dugc thay ddi qua
duong kinh cta dng hodc chiéu day cua budng,
dé kiém soat su phat trién cua tio va ning suit
trong nudi quang tu dudng. Nbi chung, quang
16 cang ngén tao ra mat d§ 6 cang cao hon,
trong khi thé tich nuéi trén mot budng phan
tmg giam, din dén ty s6 dién tich bé mat trén
thé tich 16n hon. Chi phi cao cua 10 phan tng
sinh hoc va nhirng khé khan trong nudi quy mo
16n 1a cic kho khin cua thiét bi phan ung
quang sinh hoc , han ché viée su dung thanh
cdng cac thiét bi phan tng quang sinh hoc quy
md thuong mai trong kinh doanh vi tdo
(Tredici, 2004).

Ca bé va thiét bi phan tng quang sinh hoc
ngoai troi da duoc st dung dé nudi tu dudng
Haematococcus pluvialis, dugc st dung trong
viéc san xuét astaxanthin (Olaizola va Huntley,
2003; Cysewski va Lorenz, 2004; Del Campo
va cac cong su, 2007). Chiéu xa lién tuc ngué)n
anh sdng du cao va kiém soat nhiét do 13 can
thiét, bai vi cuong do anh sang va nhi¢t do 1a
c4c yéu t6 quan trong nhat anh hudng dén su
tang trudng cua H. pluvialis va su tich liy
astaxanthin (Margalith, 1999). Ngoai ra, vo
tring 1a mot vn dé quan trong trong viéc NUOI
Haematococcus, so véi tao duoc nudi sinh khoi




culture environment to prevent bacterial and/or
protozoal overgrowth is currently available for
this alga (Margalith, 1999). A culturing
technology which enables both increased
astaxanthin production and sterile culture
conditions is required.

An indoor cultivation system has recently been
developed to manufacture an astaxanthin-
containing H. pluvialis algal biomass, namely
the “YAMAHA High-efficiency
Photobioreactor.” The development of this
high-efficiency photobioreactor is described in
the next section.

18.3 RESEARCH AND DEVELOPMENT
INTO THE COMMERCIAL PRODUCTION
OF MICROALGAE AT YAMAHA MOTOR
As described in Section 18.1.2, Yamaha Motor
became engaged in the development of outdoor
photobioreactors for the biofixation of CO2
using algal photosynthesis. In order to achieve
high-density algal cultures with  high
photosynthetic activity, we at Yamaha Motor
focused on the “flashing light effect,” also
called “intermittent illumination,” which had
been reported to be a means of utilizing a
larger fraction of the sunlight shining on a
given area (Emerson and Arnold, 1932; Weller
and Franck, 1941; Rieke and Gaffron, 1942;
Tamiya and Chiba, 1949; Kok, 1953). The
“flashing light effect” is a situation in which
cells in a high-density culture are exposed to
light and dark periods in turn at high
frequencies by mixing.

Cell mixing in a reactor was found to be very
important but it was suggested that mixing

thanh cbng khac (Dunaliella, Spirulina va
Chlorella), vi khong can phai chon lya méi
truong dé ngin chin sy phat trién qua mic cila
vi khudn va / hodc dong vat nguyén sinh hién
c6 cho tao nay (Margalith, 1999). Mot cong
nghé nudi cho phép tang san lwrgng astaxanthin
va diéu kién nudi vo tring 14 can thiét.

Gan day, mot hé thong nudi trong nha da duoc
phat trién dé san xuit astaxanthin chita sinh
khdi tao H. pluvialis, cu thé 1a "Thiét bi phan
g quang sinh hoc hiéu suit cao YAMAHA."
Su phét trién cta thiét bi phan Gng quang sinh
hoc hiéu suét cao nay dugc mo ta trong phﬁn
tiép theo.

18,3 NGHIEN CUU VA PHAT TRIEN SAN
XUAT THUONG MAI VI TAO TAI
YAMAHA MOTOR

Nhu mé ta trong muc 18.1.2, Yamaha Motor
da tién hanh phat trién cac thiét bi phan tng
quang sinh hoc ngoai troi dé 6n dinh sinh hoc
luong CO2 bang cach st dung hién tuong
quang hop cua tao. Dé dat dugc muc tiéu nudi
tao hiéu suit cao vi hoat tinh quang hop cao,
tai Yamaha Motor chung tdi tdp trung vao
"hiéu Gng 4nh sang nhdp nhay", con duoc goi
1a "chiéu sang gian doan" di duoc béo céo la
mdt phuong phap c6 thé tan dung duoc mot
phan 16n hon cta 4nh sang mat troi chiéu sang
trén mot vung nhét dinh (Emerson va Arnold,
1932; Weller va Franck, 1941; Rieke va
Gaffron nam 1942; Tamiya va Chiba, 1949;
Kok, 1953). "Hiéu tng anh sang nhap nhay" 1a
mot hién tugng trong d6 cac 6 trong hé nudi
mat do cao lan luot duge pho sang va t6i & cac
tan sd cao béng cach tron. Su tron 6 trong 10
phan tng dugc xem la rat quan trong nhung
chiing ta ciing dé thdy rang hiéu suit pha tron
s€ phu thudoc vao hinh dang 10 phan tng. La




performance would depend on the shape of the
reactor. As a novel approach to the design and
screening of photobioreactors, we applied
computational fluid dynamics to analyze the
mixing performance of various shapes of
photobioreactor (Sato et al., 2002, 2005;
Tomita et al., 2005a, 2005b).

In these studies, we made several types of
photobioreactor including dome-, parabola-,
pipe-, and diamond-type. Side views of the
dome- and pipe-type photobioreactors are
shown in Figure 18.1. These photobioreactors
were then evaluated in terms of light reception,
global mixing, and local mixing, followed by
an evaluation of algal biomass productivity
using Chlorococcum littorale, which is
regarded as an extremely high-CO2 tolerant
algal strain, suitable for high-density culture
(Kodama et al., 1993). A computational fluid
dynamics analysis of the pipe-type
photobioreactor is shown in Figure 18.2. This
shape of bioreactor was found to be the best at
light reception and biomass productivity: 20.5
g/m2/day in dry weight was observed during
winter days in Japan. This pipe-type
photobioreactor was then applied to the
outdoor cultivation of Chaetoceros calcitrans,

FIGURE 18.1 The side view of a dome-type
(@ and pipe-type (b) photobioreactor at
Yamaha Motor.

a valuable algal strain widely used as a feed in
marine hatcheries. A biomass productivity of

mdt phuong phap mdi trong viéc thiét ké va
kiém tra cac Thiét bj phan tng quang sinh hoc,
chung t6i 4p dung dong luc hoc chit 1ong tinh
toan dé phan tich hiéu suit pha trén cua céc
thiét bi phan ng quang sinh hoc hinh dang
khac nhau (Sato va cac cdng su, 2002, 2005;.
Tomita va cac cong su, 2005a, 2005b).

Trong cac nghién clru nay, chiing t6i da tao ra
mot sd loai thiét bi phan tng quang sinh hoc
bao gdm vom, parabol, dng, va kim cuong.
Anh mat bén caa cac thiét bi phan Gmg quang
sinh hoc loai vom va dng duoc biéu dién trong
hinh 18.1. Sau d6, nhitng Thiét bi phan g
quang sinh hoc ndy dugc déanh gid kha nang
tiép nhan anh sang, sy pha tron toan cuc, vVa
pha tron cuc bo, roi dugc danh gid ning suit
tao sinh khéi vi tio bang cach st dung
Chlorococcum littorale, dugc xem la mot dong
tdo c6 kha nang chiu dugc CO2 cuc ky cao,
phu hop véi viéc nuéi mat do cao ( Kodama va
cac cong su, 1993). Viéc phan tich dong hoc
chat 16ng tinh toan cua thiét bi phan tng quang
sinh hoc dang éng dugc biéu dién trong hinh
18,2. Thiét bi phan tng sinh hoc hinh dang nay
c¢6 kha ning hip thu anh sang va ning suit tao
sinh khéi rat cao: 20,5 g trong lwong khod
/m2/ngay trong nhirng ngay mua dong tai Nhat
Ban. Sau do, cac thiét bj phan ng quang sinh
hoc nay duoc ap dung vao viéc nudi ngoai troi
Chaetoceros calcitrans (tao silic nudc man),

Hinh 18,1 Anh mit bén cua thiét bi phan ng
quang sinh hoc loai mai vom (a) va dng (b) tai
Yamaha Motor.

mot dong tdo cod gid tri dugc su dung rong rai
nhu thuc an trong trai san xuat giong bién.
Nguoi ta da quan sat dugc ning suat tao sinh




37.3 g/m2/day was observed for
Chaetoceros calcitrans. The culture volume of
the pipe-type photobioreactor could be
increased up to approximately 200 L. In
addition, the simultaneous use of artificial light
and sunlight to increase algal productivity was
made possible by inserting fluorescent lamps
into the inner cavity, since the space could be
sealed completely after the insertion of lamps
to prevent rainwater invasion. However,
further enlargement of the reactors was not
possible due to the strength of the structural
material and difficulties in cleanup and
sterilization. The pipetype photobioreactor is
therefore applicable for small-scale on-site
production of live microalgae for aquaculture
feeds and we have indeed marketed live
Chaetoceros calcitrans cells since 2002
(‘Yamauchi, 2003).

Our next R&D project was mass cultivation of
H. pluvialis for production of a more valuable
compound, astaxanthin. Due to the scale-up
problems of the pipe-type photobioreactor, we
decided to use a vertical flat-plate-type reactor
for this project, since previous research had
shown this type of reactor to have excellent
light illumination efficiency, leading to
superior algal growth (Zhang et al., 2001). Our
first efforts involved outdoor cultivation of H.
pluvialis (Figure 18.3), however, as described
in the previous section, bacterial and/or
protozoal overgrowth was a severe problem
due to the lack of a selective culture
environment.

In addition, biomass productivity and
astaxanthin yield were very unstable and
depended on weather conditions and seasonal

khdi cua Chaetoceros calcitrans la 37,3
g/m2/ngay. Thé tich nuoi cua thiét bi phan ng
quang sinh hoc dang 6ng c6 thé ting 1én dén
khoang 200 L. Ngoai ra, viéc sir dung dong
thoi anh sang nhin tao va anh sang mat troi dé
ting ning suit tao dugc thuc hién bang cach
chén cac bong dén huynh quang vao khoang
bén trong, boi vi cac khoang tréng c6 thé dugc
han hoan toan sau khi chén cic dén vao dé
ngan nudc mua. Tuy nhién, viéc mo rong thém
céc thiét bi phan tng 1a khong thé do ng suét
ctia vat liéu ¢ cau trac va nhirng kho khin dé
lam sach va khur trung. Do do, thiét bi phan
g quang sinh hoc dang éng c6 thé ap dung
cho qua trinh san xuét tai chd quy md nho vi
tao song lam thirc an phuc vu cho nudi trong
thuy san va thuc sy ching t61 da thuong mai
hoa cac 6 Chaetoceros calcitrans song ké tir
ndm 2002 (Yamauchi, 2003).

Dy 4an R & D tiép theo cua ching t6i 1a nudi
sinh khéi H. pluvialis dé san xuit mot hop chat
cO gia tri hon, astaxanthin. Do cac nhiing khé
khin trong van dé thiét ké quy mo 16n cua thiét
bi phan tmg quang sinh hoc dang 6ng, chlng
t61 quyét dinh st dung mot thiét bi phan tng
dang tdm phang thang dimg cho du an nay, boi
vi nghién ctru trudc day da ching to rang loai
10 phan Gng nay co hiéu suit chiéu sang tuyét
voi, ddn dén sy tang trudng tao tot (Zhang va
cac cong su., 2001). NG lyc dau tién cua ching
t6i lién quan dén nudi ngoai troi H. pluvialis
(hinh 18,3), tuy nhién, nhu 3 mo ta trong phin
trudc, su phat trién qua mirc cua vi khuan va /
hodc dong vat nguyén sinh la mdt van dé
nghiém trong do thiéu mot mdi truong nudi co
chon loc. Ngoai ra, nang sudt tao sinh khéi va
san lugng astaxanthin khong 6n dinh va phu
thudc vao diéu kién thoi tiét va thay doi theo
mua, boi vi su ting truong cua tao va su tich
liy astaxanthin chiu anh hudng 1on boi anh




differences, since algal growth and astaxanthin
accumulation are greatly influenced by light
availability and temperature (see Section 18.2).
In order to establish a stable industrial
manufacturing process, we moved to indoor
cultivation using artificial lights, and this
resulted in the development of the “YAMAHA
High-efficiency Photobioreactor.”

High-quality and high-quantity astaxanthin-
containing algal oil have thus been produced
since October 2006, and the manufacturing
process was given a health food raw material
Good  Manufacturing  Practice ~ (GMP)
certification. Details of our manufacturing
process (GMP approved) are described in the
next section.

FIGURE 18.3 An outdoor vertical flat-plate-
type photobioreactor at Yamaha Motor, used in
the cultivation of H. pluvialis.

18.4 ASTAXANTHIN RAW MATERIAL
MANUFACTURING PROCESS

18.4.1 OUTLINE OF THE FACTORY AND
MANUFACTURING PROCESS

A factory dedicated to the manufacture of
astaxanthin  raw  material  (astaxanthin-
containing dried algal powder of H. pluvialis),
namely the “Fukuroi Factory II,” was
completed in October 2006 as the first and
only factory capable of producing the raw
material in Japan. The proprietary indoor
cultivation system, demonstrating practical use
of a number of the “YAMAHA High-
efficiency Photobioreactors” is the main
production facility (Figure 18.4). This facility

sang c6 san va nhiét do (xem Phan 18,2). Bé
thiét 1ap mot qua trinh san xuat cong nghiép on
dinh, chiing t6i chuyén sang nudi trong nha
bang cach sir dung 4nh sang nhén tao, va diéu
nay dan dén sy phat trién ctua "Thiét bi phan
g quang sinh hoc hiéu sut cao YAMAHA".

Do d6, Astaxanthin chat luong cao va sé luong
cao chtra dau tao di duoc san xuat ké tir thang
10 nim 2006, va quy trinh san xuat nguyén
liéu thé phuc vu cho san xuat cac loai thuc
pham c6 loi cho stc khoe da nhan duoc gidy
ching nhan Thuc hanh san xuat tot (GMP).
Thong tin chi tiét vé qua trinh san xuat cua
chang téi (da dugc GMP phé duyét) dugc mod
ta trong phan tiép theo.

Hinh 18,3 Thiét bi phan tng quang sinh hoc
dang tAm phéng thing dung tai Yamaha Motor,
duogc stir dung trong viéc nudi H. pluvialis.

18,4 QUY TRINH SAN XUAT NGUYEN
LIEU THO ASTAXANTHIN

18.4.1 TOM TAT VE NHA MAY VA QUA
TRINH SAN XUAT

Mot nha may chuyén san xuit cac nguyén liéu
thd astaxanthin (astaxanthin c6 chira bot tao
kho cta H. pluvialis), cy thé 1a "Nha may
Fukuroi II", dugc hoan thanh vao thang 10
nam 2006 13 nha may dau tién va duy nhit co
kha ning san xuat nguyén liéu thd ¢ Nhat Ban .
Hé théng nudi trong nha doc quyén, minh
chimg cho viéc sir dung mot s6 " thiét bi phan
g quang sinh hoc hiéu suit cao YAMAHA"
14 co s& san xuat chinh (hinh 18,4). Co s& nay
hoat dong theo

Hinh 18,4 Hé thong nudi trong nha duoc goi la




is operated in an

FIGURE 18.4 The indoor cultivation system
known as the “YAMAHA High-efficiency
Photobioreactor” in the Fukuroi Factory II.
unattended manner at night, enabling highly
controlled batch cultures under continuous
illumination, with lower labor costs. The
factory is located on a site of approximately
37,000 m2 in the Kuno Industrial Park of
Fukuroi city, Shizuoka prefecture. The
building area is approximately 1800 m2, with
3300 m2 total floor space. At present, the
production capability is approximately 20 tons
of dried algal powder per year, however, the
factory is designed as a unit of standardized
equipment, making it possible to increase the
production capability easily and quickly in
response to market expansion by increasing the
number of units required.

The manufacturing process consists of several
steps before shipment: cultivation, separation,
drying, packaging, and quality inspection
(Figure 18.5a). The process is entirely
optimized under the concept of “manufacturing
high-quality and safe products.” Briefly, at the
cultivation  step, the bioreactors are
continuously illuminated with optimized
synthetic light during a culture period and
maintained at the desired temperature to
maximize astaxanthin accumulation in algal
cells. The quality of water is also carefully
considered for  optimum  astaxanthin
production. In order to minimize the risk of
contamination, the reactors are isolated in a
class 100,000 clean room (Figure 18.4); the
cultivation and all operations are performed in
the same or a more strictly controlled
environment under sanitary quality control.
Great care is also taken in the system design
and operations at

"Thiét bj phan tng quang sinh hoc hiéu suét
cao YAMAHA" trong Nha may Fukuroi I1.

Kiéu khong giam sat vao ban dém, tao diéu
kién cho viéc nudi hang loat c6 diéu khién cao
trong diéu kién chiéu sang lién tuc, v6i chi phi
lao dong thap. Nha may duoc dit trén mot dién
tich khoang 37.000 m2 tai Khu cong nghiép
Kuno Park cua thanh phdé Fukuroi, tinh
Shizuoka. Dién tich xdy dung khoang 1800
m2, v6i tong dién tich nén 3300 m2. Hién nay,
nha may c6 kha ning san xuat khoang 20 tan
bot tao khd mdi nam, tuy nhién, nha may dugc
thiét ké nhu mot bo phan véi thiét bi tiéu chuan
héa, 1am cho n6 co thé ting ning suat mot cach
dé dang va nhanh chong dé dap ung viéc mo
rong thi truong bang cach ting sd lugng don vi
can thiét.

Quy trinh san xuét truéc khi xuat hang bao
gdm mot sé budc: nudi, tach, sdy kho, dong
261 va kiém tra chat luong (hinh 18.5a). Qua
trinh nay duoc toi vu hoa hoan toan theo khai
niém "san xuét cac san pham chit luong cao va
an toan." Tém lai, & budc nudi cdy, cac 10 phan
ung sinh hoc lién tuc duogc chiéu sang vai anh
sang tong hop ti vu trong thoi gian nudi va
duy tri & nhié¢t do mong muén dé toi da hoa su
tich liy astaxanthin trong cac té bao tao. Chat
lugng nude cling dugoc xem xét mdt cach cin
than dé san xuét astaxanthin t6i vu. Dé giam
thiéu nguy co 6 nhiém, cac 10 phan tng duoc
co 1ap trong mot phong sach 100.000 16p (hinh
18.,4), viéc nudi va tat ca cac hoat dong duoc
thyc hién trong ciing mdt moi truong hoac moi
truong duoc kiém soat nghiém ngit hon dudi
sy kiém soat chit lugng vé sinh. Trong quéa
trinh thiét ké hé théng va hoat dong, nguoi ta
quan tdm nhiéu dén cac yéu td

Dau Astaxanthin
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FIGURE 18.5 A production flow scheme for
astaxanthin raw material production (a) and
subsequent astaxanthin-containing H. pluvialis
oil (b).subsequent steps of harvesting the algal
cell culture up to packaging the dried algal
powder, both to protect the astaxanthin from
degradation or deterioration by bacteria, excess
heat, oxygen, and light, and to prevent
contamination from foreign bodies.

In our manufacturing process, raw material
with an astaxanthin content of over 5% is
consistently produced (Zhang, 2005, 2007),
which is much higher than that obtained from
outdoor cultivation, where it reduces to less
than 2% in the winter season (personal
communication). This stable supply of highly
sterilized biomass with a high astaxanthin
content is advantageous, not only to maintain
low extraction costs during downstream
processing, but also as a quality and safety
guarantee for further downstream business
partners and end-users.

Van chuyén

Kiém tra

Dong goi

Nong d6

Chiét tach

Vian chuyén

Kiém tra

Dong goi
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Chia tach
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Hinh 18,5 So d6 quy trinh san xuat nguyén liéu
thd astaxanthin (a) va sau do astaxanthin chira
dau H. pluvialis (b). c4c budc thu hoach tiép
theo nudi 6(té bao) tao dén déng gbi bot tao
kho, vira dé bao vé astaxanthin bi suy giam
chét lugng hoac hu hong do vi khuén, nhiét du

thira, oxy, va anh sang, va dé ngin ngira 6
nhiém tir cac tc nhan bén ngoai.

Trong qué trinh san xuét cua ching t6i, nguyén
liéu véi ham luong astaxanthin luén ludn trén
5% duoc san xuit (Zhang, 2005, 2007), cao
hon so véi truong hop dugc nudi ngoai troi, o
d6 n6 giam it hon 2% vao mua dong (trao doi
c4 nhan). Piéu nay cung cdp mot luong sinh
khdi 6n dinh tiéc trung cao véi ham lugng
astaxanthin cao 1a mot diéu thuan lgi, khong
chi dé duy tri chi phi khai thac thip trong qua
trinh ché bién xudi dong, ciing nhu dam bao
chit Iwong va an toan cho cac ddi tac kinh
doanh va nguoi tiéu dung.

1842 HE THONG DPAM BAO CHAT
LUONG THEO PIEU KIEN THUC HANH




18.4.2 QUALITY ASSURANCE SYSTEM
UNDER GOOD MANUFACTURING
PRACTICE CONDITIONS

GMP is the rule employed to produce high-
quality and safe products, by which a
manufacturing system is guaranteed constant
quality throughout the whole process, from the
raw material stock to product shipment.
Although the GMP was originally imposed as a
legal duty for medicine manufacturers, similar
GMP conditions have been applied to
manufacturers of cosmetics, food additives,
and health foods in recent years. In February
2005, the Japanese Ministry of Health, Labor
and Welfare published a voluntary inspection
guideline on GMP in the manufacturing of
health foods and the safety of raw materials
(No. 0201003). We designed and improved our
factory to meet the GMP requirements and in
July 2007 the Fukuroi factory Il was given a
health food raw material GMP certification by
the Japanese Health Food Standards
Association (JIHFS).

Our quality assurance system had thus
established a reliable GMP system, certified by
an outside organization. Our GMP is composed
of three basic principles: keeping mistakes to a
minimum level; preventing pollution and
product loss; and designing a management
system for guaranteed high-quality products.
The indispensable requirements to achieve this
GMP are listed below, where (1) through (4)
are germane to management side while (5)
through (8) refer to equipment.

1. The complete preparation of various
standard  operation  procedures  (SOPs),
operation manuals and operational records;
correct operation of equipment strictly
observing these SOPs and manuals. In

SAN XUAT TOT

GMP 14 nguyén tic dugc st dung dé san xudt
cac san pham chit luong cao va an toan, theo
d6 mot hé thong san xuat dugc dam bao chat
luong lién tuc trong sudt toan bd qua trinh, tir
ngudn nguyén liéu thd dén san xuit va van
chuyén. Mic du ban dau GMP d3 duoc ap dat
nhu mot nghia vy phap 1y cho cc nha san xuat
thudc,cac diéu kién GMP tuong tu da duoc ap
dung cho cic nha san xuit my pham, phu gia
thuc phém, va cac loai thuc phém bd dudng
trong nhitng nim gan ddy. Vao thang hai nim
2005, Bo Y té, Lao dong va Phuc loi Nhat Ban
dd cong bd modt ban hudng din kiém tra tur
nguyén vé GMP trong san xuat thyc pham b
dudng va su an toan cua nguyén liéu thd (s6
0.201.003). Chuling toi thiét ké va cai tién nha
may cia chang toi dé dap Gng cac yéu ciu
GMP va vao thang 7 nam 2007 nha may
Fukuroi II da nhan dugc chiing nhan GMP vé
nguyén liéu thd cho Thuc phadm bd dudng cia
Hiép hoi Tiéu chudn Thuc Phdm B6 Dudng
Nhat Ban (JIHFS). Vi thé, hé théng dam bao
chat luwgng cta ching t6i di xay dung mot hé
théng GMP dang tin cdy, duoc chirmg nhin boi
mot to chirc bén ngoai. GMP cua ching tbi
gdm c6 ba nguyén tic co ban: duy tri sai s6t &
mirc ti thiéu, ngin ngira 6 nhiém va mat san
pham va thiét ké mot hé théng quan 1y dé dam
bao san pham chat lwong cao. Cac yéu cau
khong thé thiéu dé dat dugc GMP nay dugc
liét ké dudi ddy, trong d6 (1) dén (4) thién vé
huéng quan 1y trong khi (5) dén (8) cap dén
thiét bi.

1. Chuan bi day du cac quy trinh hoat
d6ng tiéu chuan khac nhau (SOPs), huéng dan
van hanh va céc so theo dbi hoat dong, chinh
xac héa cac hoat dong cua cac thiét bi mot
cach nghiém ngdt quan sat caic SOP nay va




addition, correct storage of the operation
records, for easy access.

2. A traceability system using serial
numbers for each product lot.

3. An education and training system, and
skills improvement for all staff and workers at
the plant.

4. Execution of a rigorous plant self-check
system, based on our GMP, at the end of every
run.

5. Clean-room installation, complete
control of air-conditioning facilities and
purification control in all production processes.

6. Manufacturing environment
maintenance to prevent cross-contamination
and foreign body mixing.

7. Installation of appropriate inspection
equipment for both the process control and
product standard test.

8. Running the automatic production
monitoring system over 24 h.

Astaxanthin raw material manufactured under
GMP conditions in the Fukuroi factory Il is
shipped to a medicine manufacturer for further
extraction to prepare astaxanthin-containing H.
pluvialis oil (Figure 18.5b). The extraction
process to produce astaxanthin oil also fulfills
both the production system and quality
assurance system in accordance with the
principless of GMP. Our GMP-grade
astaxanthin oil product (Figure 18.6) is

huéng dan st dung. Ngoai ra, Iuu trit chinh xac
cac so theo ddi hoat dong, dé truy cap dé dang.

2. Mot hé théng theo ddi dung sb seri
clia ting 16 san pham.

3. Mot hé théng gido duc va dao tao,
Vva cai thién cac k¥ ning cho tit ca cac nhin
vién va cong nhan tai nha may.

4. Thuc thi mot hé théng tu kiém tra ké
hoach san xuit nghiém ngit, dua trén tiéu
chudn GMP cua chung t6i, & phan cudi cua
mdi lan chay.

5. Lap dat phong sach, kiém soat hoan
toan cac thiét bi diéu hoa khong khi va kiém
soat su tinh khiét trong tat ca cac qua trinh san
Xuét.

6. Béo tri moi truong san xuat dé ngan
ngua lay nhiém chéo va sy lan cac vat bén
ngoai.

7. Lap dat thiét bi kiém tra thich hop
cho ca hai muc dich diéu khién quy trinh va
kiém tra tiéu chuan san pham.

8. Chay hé théng giam sat san xudt tur
dong trong vong 24 h.

Nguyén liéu thd Astaxanthin duoc san xuét
theo tiéu chudn GMP tai nha may Fukuroi II
duoc chuyén téi mot nha san xuit thudc dé
chiét tach thém va thu duoc astaxanthin co
chira dau H. pluvialis (hinh 18.5b). Qué trinh
chiét tach dé dé tao ra dau astaxanthin ciing
thoa mén ca hai hé thong san xuét va hé thong
dam bao chat lwong pht hop véi cac nguyén
tac cia GMP. San pham dau astaxanthin murc
GMP ciia ching t6i (hinh 18,6) duoc san xudt
st dung mot hé théng dam bao chit luong ti€én
tién twong duong véi hé thdng duoc st dung




prepared using an advanced quality assurance
system equal to that wused in orally
administered medicine.
FIGURE 18.6 Yamaha Motor’s GMP-grade
astaxanthin oil product.

18.5 ASTAXANTHIN AND ITS SOURCE,
HEMATOCOCCUS ALGA

18.5.1 ASTAXANTHIN

Astaxanthin, a natural lipophilic tetra terpenoid
with a deep red color, is a carotenoid like P-
carotene and lycopene and is widely distributed
in nature, especially in marine organisms
including salmon, salmon roe, shrimp, crab,
and microalgae (Hussein et al., 2006). It is a
xanthophyll from the carotenoid group, with
oxygen-containing functional groups, and also
possesses hydroxyl and oxo functional groups.
In nature, astaxanthin is found in its esterified
form or binding form, bound to proteins,
because these forms are more stable than the
dialcohol form.

Plants, algae, and microorganisms can
synthesize de novo carotenoids; however,
animals lack the ability to synthesize these
compounds and so must acquire them from
their diet. Many carotenoids are known as
provitamin A as they can be cleaved at the
central C15=C15' double bond and converted
into vitamin A in vivo (Goodman and Huang,
1965; Olson and Hayashi, 1965). In fish, many
xanthophylls, including astaxanthin, are
reported to be converted reductively to retinol
in vivo (Katsuyama and Matsuno, 1988). In
contrast, human astaxanthin is reported to be
cleaved asymmetrically at the C9 position and
is therefore regarded as a non-provitamin A
carotenoid (Kistler et al., 2002).

trong san xuat thudc udng qua dwdng miéng
(orally administered medicine).

Hinh 18,6 San phim dau cip d6 GMP cua
Yamaha Motor.

18,5 ASTAXANTHIN VA NGUON CUA NO,
TAO HEMATOCOCCUS

18.5.1 ASTAXANTHIN

Astaxanthin, terpenoid tetra lipophilic ty nhién
voli mOt mau dé dam, la mot loai carotenoid
nhu P-carotene va lycopene va phin bd rong
rai trong tu nhién, dac bi¢t la trong céc sinh vat
bién bao g6m ca h6i, triang ca hdi, tdm, cua, va
vi tdo (Hussein va cac cdng su. , 2006). No la
mot xanthophylls (hoang thé t§) tir nhém
carotenoid, voi cac nhom chirc chira 0xi, va
cling c¢6 cac nhom chic hydroxyl va oxo.
Trong tu nhién, astaxanthin dugc tim théy o
dang este hoa hodc dang lién két, gan két véi
protein, boi vi cac dang nay 6n dinh hon dang
dialcohol.

Thuc vat, tao, VA Vi sinh vat c6 thé tong hop
cac carotenoid tu phat, tuy nhién, dong vat
khéng c6 kha ning téng hop cac hop chét nay
va do d6 phai dung nap ching qua ché do an
ubng. Nhiéu Carotenoid dugc goi la tién
vitamin A vi chiing c6 thé bi tach lién két doi
C15= C15 ' trung tdm va chuyén thanh vitamin
A trong co thé (Goodman va Huang, 1965;
Olson va Hayashi, 1965). Trong c4, nhiéu
hoang thé t6 (xantofin), ké ca astaxanthin,
dugc bao cao 1a ¢ kha ning duoc chuyén hoan
toan thanh retinol trong co thé (Katsuyama va
Matsuno, 1988). Nguoc lai, astaxanthin nguoi
dugc bao cdo 1a dugc phan chia khong dbi
xung ¢ vi tri C9 va do d6 khong dugc xem la
tién vitamin A carotenoid (Kistler va cac cong




Xanthophyll esters are thought to be
hydrolyzed prior to absorption (Zaripheh,
2002). Only non- esterified astaxanthin is
detected in serum after the ingestion of
esterified astaxanthins (Coral- Hinostroza et
al., 2004; Odeberg et al., 2003). Xanthophylls
are mixed with bile acid to make a micelle, and
are absorbed as a micellar solution by the
intestinum tenue after intake. The absorbed
xanthophylls are then incorporated by
intestinal mucosal cells into chylomicra and
released into the lymph. In the Iymph,
chylomicra-containing xanthophylls  are
digested by lipoprotein lipase, reducing their
size, and xanthophylls reach the liver as
chylomicra remnants. In the liver, they are
incorporated into lipoprotein, which is
synthesized in the liver, and translocated to
each tissue. It was recently reported in humans
that blood xanthophylls translocate more easily
to red blood cells than to plasma when
compared with hydrocarbon carotenoids
(Nakagawa et al., 2008). It is suggested that the
difference in the chemical nature of
xanthophylls and hydrocarbon carotenoids
causes the difference in their in vivo behavior.

Due to their high antioxidant properties and
other functions (see Section 18.6), many
astaxanthin- containing nutraceuticals with
potent effects on human health are coming
onto the market.

18.5.2 STRUCTURE AND SOURCE OF
ASTAXANTHIN

The astaxanthin molecule has a symmetric
configuration and two chiral centers; two
carbon atoms adjacent to hydroxyl functional
groups are chiral. There are three enantiomeric
isomers of astaxanthin, (35, 3'5), (3R, 3R), and

su, 2002.).

Este xanthophyll dugc cho la thiy phan trudc
khi hép thu (Zaripheh, 2002). Astaxanthin
khong este hda duy nhat dugc phat hién trong
huyét thanh sau khi ung astaxanthins este hoa
(Coral-Hinostroza va cac cong su, 2004;.
Odeberg va cac cong su, 2003). Hoang thé td
(xanthophylls) dugc tron 1an véi acid tiét ra tir
méat dé tao ra mot mixen (vi hat), va duogc hép
thu nhu mot dung dich mixen qua rudt non sau
khi udng. Sau d6, hoang thé t6 (xanthophylls)
duoc hap thu duoc tich hop boi cac té bao
niém mac rudt vao chylomicra (vi thé nhi trip)
va di vao bach huyét. Trong bach huyét, hoang
thé t& (xanthophylls) chira chylomicra dugc
ti€u hoa boi enzym lipoprotein lipase, lam
giam kich thudc cua chung, va hoang thé td
(xanthophylls) dén gan nhu cic chat thia
chylomicra. Trong gan, ching dugc tich hop
vao lipoprotein, dugc téng hop trong gan, va
duoc di chuyén dén méi mé. Gan day nguoi ta
phat hién ra ring ¢ ngudi c4c hoang thé tb
(xanthophylls) méu d& dang chuyén thanh cac
t& bao mau do hon so voi huyét twong khi so
hydrocarbon
(Nakagawa va cac cong su, 2008). Diéu d6 cho
théy réng su khac biét vé ban chit héa hoc cia
hoang thé t6 (xanthophylls) va carotenoids
hydrocarbon gy ra su khac biét vé tinh chit
ctia chung trong co thé.

sanh  vOi cdc  carotenoid

Do dic tinh chong oxy hoéa cao va cac chirc
ning khac (xem Phan 18,6), nhiéu astaxanthin
chira cac chat dinh dudng c6 tac dong tich cuc
dén sic khoe con nguoi dang dan xuét hién
trén thi truong.

1852 CAU TRUC VA NGUON

ASTAXANTHIN

Phan tur astaxanthin c6 mt cau hinh d6i xung




(3R, 35). Chemically synthesized astaxanthin
is a mixture of 1:2:1 of (35, 35), (3R, 35), and
(3R, 3R) enantiomer, respectively. This is
mainly used in the field of aquaculture as a
reviver and is not used as an ingredient in
human neutraceuticals. A green microalga (H.
pluvialis), a red yeast (Phaffia rhodozyma), and
crustacean by-products are com-mercially
available as natural sources of the astaxanthin
pigment. These sources are often used in the
nutraceutical industry because of recent natural
food trends and safety concerns. The forms of
astaxanthin in these natural sources are slightly
different from each other.

Astaxanthin from Haematococcus is the (35,
35) isomer (Renstrom et al., 1981) and is
almost esterified with fatty acid to form mono-
or diesters (Johnson and An, 1991). In contrast,
Phaffia rhodozyma is reported to synthesize the
(3R, 3R) isomer (Torissen et al., 1989), which
is mainly unesterified (Andrewes and Starr,
1976). Haematococcus alga is considered to be
the most efficient natural source of astaxanthin
(Hussein et al., 2006) and is presently used as
the main source of natural astaxanthin (see
Section 18.5.4).

18.5.3 ANTIOXIDATIVE ACTIVITY OF
ASTAXANTHIN

Carotenoids are generally known to possess
powerful antioxidative activity, thought to be
because of their long conjugated polyene
system (Nishida et al.,, 2007). The stable
structure and strong antioxidative activity of
astaxanthin is considered to be due to the
conjugation of the oxo group to the polyene

va hai tam bat déi xing, hai nguyén tir carbon
lién k& véi nhom chirc hydroxyl bat ddi xtng.
Co ba déng phan dd1 hinh cua astaxanthin, (35,
35), (3R, 3R), va (3R, 35). Astaxanthin tong
hop hoa hoc 1a mot hdn hop 01:02:01 tuong
ung cua (35, 35), (3R, 35), va isome quang
(3R, 3R). Hop chit nay chu yéu dugc sir dung
trong linh vuc nudi trong thiy san nhu mot
CRAIROMPRNE (tr¢c hoa, phuc hoi sinh lyc) va
khong duogc sir dung nhu mot thanh phﬁn trong
thue pham dinh dudng cua ngudi. Vi tao xanh
la cay (H. pluvialis), men mau dé (Phaffia
rhodozyma), va cac phu pham gidp Xac da co
mat trén thi trudng nhu cac ngudn chit tao mau
astaxanthin tuy nhién. Cac ngudn ndy thuong
dugc st dung trong nganh cong nghiép thuc
pham dinh dudng vi xu hudng thyc pham tu
nhién gan day va van dé an toan. Cac dang
astaxanthin trong cac ngudn tu nhién nay hoi
khac nhau. Astaxanthin tor Haematococcus la
ddng phan (35, 35) (Renstrom va cac cong su,
1981) va gan nhu bi este hda voi axit béo dé
tao thanh mono hodc cac dieste (Johnson va
An nam 1991). Nguoc lai, Phaffia rhodozyma
duoc chimg minh 13 c¢6 kha ning téng hop
ddng phan (3R, 3R) (Torissen va cac cong su,
1989), n6 khong bi este hoa (Andrewes va
Starr, 1976). Tao Haematococcus dugc xem la
ngudn astaxanthin tu nhién hiéu qua nhat
(Hussein va cac cong su, 2006) va hién dang
duogc str dung nhu mdt nguén astaxanthin tu
nhién chinh (xem muc 18.5.4).

18.5.3 HOAT TINH CHONG OXY HOA
CUA ASTAXANTHIN

Carotenoid thudong dwoc biét véi tu cach 1a
chét ¢o hoat tinh chéng oxy hdéa manh, dugc
cho la vi hé polyene lién hop dai cua ching
(Nishida va cac cong su, 2007). CAau trac 6n
dinh va hoat tinh chéng oxy hda manh cia




system. Astaxanthin is reported to show a
strong quenching effect against singlet oxygen,
with potency more than 100-fold higher than
that of a-tocopherol (Miki, 1991). This same
study also reports that astaxanthin shows
strong activity against lipid peroxidation. In
addition, astaxanthin is reported to have no
pro-oxidative properties: other carotenoids,
such as P-carotene, lycopene, and zeaxanthin,
under certain conditions, are considered to
possess pro-oxidative properties (Martin et al.,
1999).

18.5.4 HEMATOCOCCUS Algae

H. pluvialis, Flotow, Volvocales,
Chlorophyceae, is a unicellular freshwater
green microalga. In response to environmental
conditions, the green flagellated cells
(vegetative cells) gradually transform into cyst
cells without flagellae (the aplanospores),
accompanied by a marked accu-mulation of
astaxanthin, resulting in the formation of red-
colored cells (Margalith, 1999). The size of a
vegetative cell is less than 10 ~m in diameter,
although it gradually increases to over 40-50
|*m after transforming into cyst cells. In
oxygenic photosynthetic organisms,
carotenoids play important roles in the light-
harvesting complex and in the protection of
photosynthetic machinery, by dissipating
excess light energy (Frank and Cogdell, 1996).
These types of caro- tenoids are referred to as
primary carotenoids and are essential in
metabolism (Krishna and Mohanty, 1998).
These carotenoids are localized in thylakoid
membranes of the chloroplast. In contrast,
secondary carotenoids such as astaxanthin are
not functionally obligatory for pho-tosynthesis.
Astaxanthin in H. pluvialis accumulates in
cytoplasmic lipid globules of the cell:
accumulation  occurs in  response to
environmental stimuli, such as high light
intensity and olig- otrophic conditions. In H.

astaxanthin dugc xem 1a do sy lién hop cua
nhom oxo voi hé polyene. Nguoi ta da ching
to réng Astaxanthin thé hién hiéu tng dap tat
manh chdng lai oxy don, véi uy luc cao hon
100 bac so voi a-tocopherol (Miki, 1991).
Nghién ctru nay ciing bao céo riang astaxanthin
thé hién hoat tinh manh chéng lai chat béo x4u.
Ngoai ra, astaxanthin dugc bao cdo la khong co
céc tinh chét tién oxy hoa (tu kich hoat oxy
héa): cac carotenoid khac, nhu carotene-P,
lycopene, va zeaxanthin, trong nhitng diéu kién
nhat dinh, dugc xem Ia co tinh chat [SHNORY
- (tu kich hoat oxy hoa) (Martin va cac cong
su, 1999.).

18.5.4 TAO HEMATOCOCCUS

H. pluvialis, Flotow, Volvocales,
Chlorophyceae, la vi tao xanh lyc nudc ngot
don bao. Pé dap tmg vé6i diéu kién moi trudng,
cac té bao roi mau xanh 14 cay (& bao thuc vat)
dan dan bién dbi thanh cac té bao nang ma
khéng c6 flagellae (roi, bd phan giéng nhu
canh quat) (EBIENOSPORES-cAc bao tir bit dong),
kém theo su tich liy dang ké astaxanthin, dan
dén sy hinh thanh cac t& bao mau do
(Margalith, nam 1999) . Kich thuéc cta té bao
thuc vat c6 duong kinh nhé hon 10 * m, mac
du n6 ting dan dén trén 40-50 | » m sau khi
chuyén d6i thanh cac té bao nang. Trong cac
sinh vat quang hgp tao oxy, carotenoids dong
vai tro quan trong trong phirc hé thu anh sang
Va trong viéc bao vé bd may quang hop, bang
cach lam tiéu hao anh sang du (Frank va
Cogdell, 1996). Céc loai card-tenoid nay duoc
goi 1a carotenoid chinh va rit can thiét trong
qua trinh trao d6i chat (Krishna va Mohanty,
1998). Céac carotenoid nam trong mang
thylakoid cua luc lap (chloroplast). Nguoc lai,
céc carotenoid thir cip nhu astaxanthin khong
can thiét trong qua trinh quang hop.




pluvialis, it is considered that astaxanthin acts
as a sunshade (Hagen et al., 1994), to provide
protection from photodamage (Hagen et al.,
1993), or to minimize oxida-tion of storage
lipids (Sun et al., 1998).

Astaxanthin trong H. pluvialis tich Iiy trong
cac giot lipid té bao chat cua té bao: sy tich tu
xay ra trong qua trinh dap ung voi cac kich
thich ciia méi trudng, chiang han nhu cuong do
4nh séng cao va cac diéu kién nghéo dinh
duong. Trong H. pluvialis, nguoi ta xem
astaxanthin dong vai tro nhu mét tim chin
(Hagen va cac cong su, 1994), dé chéng lai su
pha huy quang hoc (Hagen va cac cdng su,
1993), hodc dé giam thiéu sy oxi hoa clia chat
béo Iuu trir (Sun va cac cong sy, 1998).

Theo yéu cu ciia khich hing, trong mdt nim
qua, ching t61 48 dich qua 16 mdn hoc, 34
cubn séch, 43 bai béo, 5 s tay (chua tinh cic
tai liéu tir nim 2010 try vé trudc) Xem & ddy

DICH VY Chi sau mét lan lién lac, viéc
dich duoc tién hanh

DJCH
TIENG

ANH

CHUYERN Gia ca: c¢6 thé
NGANH n_hin/l tra.n_

NHANH

NHAT VA
CHINH
XAC
NHAT

dinh thanh toan.

giam den 10

Chat luong:Tao dung niém tin cho

khach hang béi.n cong nghé 1.Ban
thé{i.y duoc toan bd ban dich; 2.Ban

danh gia chat luong. 3.Ban quyét

Tim hiéu vé dich vu dich anh-viét ciia chiing ti tai
www.mientayvn.com/Tim hieu ve dich vu bang cach doc.html

Ban gdc cua tai li¢u:

https://docs.qgoogle.com/file/d/0B2JJIMzJbJcwOUFEaF80W|BiUUO/edit



www.mientayvn.com/Tim_hieu_ve_dich_vu_bang_cach_doc.html
https://docs.google.com/file/d/0B2JJJMzJbJcwOUFEaF80WjBiUU0/edit

