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TOM TAT

Astaxanthin 1a mot séc t6 tao nén mau d6 hodc mau hdng & nhidu dong vat bién va gidp xdc. Astaxanthin

¢6 vai trd quan trong trong viéc tao nén gia tri thuong mai cta cac loai thuy san, ddng thoi dong vai tro quan
trong trong nang cao kha nang sinh san ciing nhu kha ning séng sot ciia cic loai thiry san. Do dong vat va giap
xéc khong c6 kha ning tu tdng hop astaxanthin nén nhu ciu astaxanthin dic biét 1a astaxanthin tu nhién dé bd

sung vao thue dn cho dong vat thuy sdn ngay cang tang cao. Ngudn astaxanthin ty nhién tir tio, nAm men va vi
khuan dang dugc sir dung trong san xuét céng nghiép. _Tuy nhién, astaxanthin tir vi khuan c6 uu diém la d&
dang hép thu hon so vdi tao va ndm men. Do do, sinh téng hop astaxanthin boi vi khuin dang rt dugc chu y.
Nhiéu loai vi khudn c6 thé sinh astaxanthin bao gdm Paracoccus Spp., Agrobacterium spp., Sphingomonas
spp., Pseudomonas spp., Halobacterium spp... Trong do, loai vi khuén dugc nghién ciru va st dung nhidu nhét
12 Paracoccus carotinifaciens. Trong bai téng quan niy, ching t6i tom lugc vai trd va tinh hinh sir dung
astaxanthin, ddc biét 13 astaxanthin tir vi khuin trong nudi trf”)ng dong vat thuy san can tdng cuong mau séc do
cam nhu c4 canh, c4 hdi van va tém trén thé gidi va Viét Nam. Bén canh d6, mot s6 tién bo trén thé gidi trong
viéc ting ning sut sinh astaxanthin nhw ki thuat chuyén gen va 1én men sinh khéi vi sinh vt ciing dwoc thao
luén. Pay 1 nhimg thong tin hiru ich cho viéc phat trién va img dung astaxanthin tir vi khudn trong nuéi trong

thay san.

Tir khéa: Astaxanthin, nuéi trong thiy san, vai tro va ieng dung, vi khudn sinh astaxanthin

MG PAU

Astaxanthin 1a mgt xanthophyll carotenoid dugc
tim thdy trong nhiéu vi sinh vt bién. Astaxanthin
lién két v6i protein tao mau sic d6 hay hdng cua
dong vat va giap xac nhu tdm, cua, ghe, tom hum, ca
hdi va nhiéu dong vat bién khac (Goodwin, 1984;
Davis, 1985; Matsuno, Hirao, 1989) Do dong vat va
giap xac khong co6 kha nang tu tong hop astaxanthin
nén trong qua trlnh nuoi trong chat nay can duogc
cung cap qua nguon thire an. Astaxanthln dugc su
dung hién nay chi yéu 1a tir ngudn téng hop hoa hoc
c6 gia thanh cao (khoang 2000 USD/kg) va chua
dugc cho phép st dung & My nhu mot dang thuc

pharn chirc nang (Tangeras, Slinde, 1994). Do vay
nhu ciu astaxanthin sinh tong hop c6 ngudn gbe tu
nhién thay thé cho ngudn tong hop héa hoc dang
ngay cang tang. Cac nguoén sinh tong hop
astaxanthin ty nhién c6 thé ké dén nhu 1a tio, ndm
men va vi khuan dang dugc st dung rong rii trong
cong nghiép. Tuy nhién, astaxanthin tir vi khuan co6
mot sb wu diém so voi tao va nam men la dé dang
hap thy hon. Do d6, sinh téng hop astaxanthin boi vi
khuén rit dugc chu y.

Mot s6 bai tong quan tap trung vao danh gia kha
nang san sinh astaxanthln va cac carotenoid bdi tao,

nidm soi va ndm men cling nhu vai trd cua ching
trong dugc hoc va nudi trong thuy san (Gupta et al.,
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2007; Ambati et al., 2014), tuy nhién cac béo cdo vé
astaxanthin sinh téng hop boi vi khuin va tmg dung
cua ché phém thi chua duogc téng két. Chinh vi vay,
trong bai bao nay, ching toi téng hop lai mot sb két
quéa nghién clru vé cac vi khuan sinh astaxanthm
cong nghé chuyén gen va mot s6 két qua toi wu hoa
qué trinh 1én men dé tang kha ning tao astaxanthin
cia vi khudn; vai trd va tinh hinh st dung
astaxanthin trong nudi trong thuy san trén thé gidi va
0 Viét Nam. Céc thong tin trong bai se g6p phan
hleu biét rd hon ng dung ciing nhu trién vong phat
trién céc che phim gidu astaxanthin tir vi khuén
trong nudi trong thiy san.

VAI TRO CUA ASTAXANTHIN TRONG NUOI
TRONG THUY SAN

Astaxanthin 13 séc t§ thudc nhom carotenoid cé
vai trd quan trong trong nudi trong thiy san. Dong
vat thuy san khong co kha nang tu téng hop
astaxanthin, nén mudn duy tri mau dé hay hdng tu
nhién thi phai b sung astaxanthin qua thic an.
Ngoai ty nhién, dong vat thuy san héip thu
astaxanthin khi chung an tao bién, dong vat phu du,
gidp xac (tom, cua, ghe..). Trong diéu kién nubi
tham canh, ngudn thtrc an ty nhién han ché nén phai
bd sung astaxanthin cho thity san nudi bang cach bd
sung vao thic dn cong nghiép. Thirc an cho tom, ca
hdi van, ca hoi Pai Tay Duong, thirc dn cho c4 canh
bién déu dugc bd sung astaxanthin. Bén canh viéc
tdng mau sdc cho c4, astaxanthin con thic day qua
trinh sinh san cta ca nhu: ting kha ndng sinh truong
va thanh thyc sinh duc, kha nang sinh san va chét
luong trimg, gia ting sw phat trién phoi (Putnam,
1991). Astaxanthin lam ting chit lugng trimg va ty
1é séng cua ca bot, ca hdi van, ca trap do va ca cam.
Déi v6i tom, astaxanthin 1a chat chng oxi hoa dong
vai tro quan trong bao vé trimg khoi hu hong va la
chét dinh dudng dir trir can thiét cung cap cho au
tring phat trién, giup nang cao ty 1& song cia 4u
trung tom (Wouters et al., 2001).

Nhu vay, astaxanthin khong nhiing tao nén mau
sdc do, lam tang gia tri thuong mai va gia tri thim my
ctia san phdm thily san ma con c6 vai trd quan trong
trong dinh dudng va sinh san & dong vat thiy san.

S dung astaxanthin trong nudi cd cinh
~ Nganh cong nghi¢p cd cdnh cta thé gioi phat
trién manh mé trong nhiing thap nién gan day. Theo

bao cao cua FAO (Food and Agriculture
Organization), thwong mai ca canh trén thé gidi dat
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900 tri¢u USD va khoang 3 ty USD gia tri ban 1é vao
nam 2000. Téc d6 ting truong binh quan 14%/nim
ké tir nam 1985. Cac nudc dang phat trién chiém 2/3
san lugng ca canh cung cip cho th1 truong thé g101
Thi truong tiéu thy ¢4 canh chu yéu gdm chiu Au,
M¥, Nhat Ban (Ngo Thi Thanh Huong, Nguyén Vin
Tam, 2014).

Lién quan dén viéc ting mau sac cho cd canh,
da co nhidu nghién ctru trén thé giGi vé bd sung sic
t6 (carotenoid) vao thirc an nudi ca. Paripatananont
et al, (1999) di xac dinh duwgc ham luong
astaxanthin t6i uwu dé hinh thanh sic t6 trén da c4
vang (Carassius auratus) 1la 36 - 37 mg/kg. Tan
(2006) sir dung astaxanthin c6 ngudn gdc hoa tong
hop Caroten Pink, Caroten Red hodc c6 nguon goc
sinh téng hop tir tao Spirulina véi cac lidu luong
khac nhau (100 - 500 ppm) dé nghién ctru trén ca
chép Nhat hay con goi la ca Koi (loai Kohaku) Két
qué nghién ciru cho thay ham luong séc t6 trong thure
an anh huong dén tang truong va mau sic cua ca
K01 Mau sac cua ca ciing phu thudc vao nguon goc
sdc t6 1a tong hop hay ty nhién vai liéu thich hop tir
100 - 250 ppm va thoi gian cho @n tir 8 - 12 tuén.
Tao Spirulina con ting cudng mau sic vang cia ci
cichlid tai vang, ting cuong kha ning hip thy thirc
an va kha niang san xuét trimg ctia chung (Giiroy et
al., 2012). Trong thi nghiém vo6i ca khoang b
Nemo, nhém bd sung astaxanthin héa tong hop
(Carophyll Pink 8%) lam tang mau sdc da c4 khoang
¢6 Nemo so v6i nhom a6i chung, tuy nhién khong cé
su sai khac vé chiéu dai va khi luong gita 2 nhom
(Seyedi et al., 2013). Yedier et al., (2014) cho biét
mau sdc cua ca ngwa do (Maylandia estherae) phu
thudc vao loai sdc t6 va ham lugng sac t6 co trong
thirc an. Astaxanthin trong thirc &n tang cuong mau
do-vang trén da ca ngua do, trong khi do séc t6 trong
tdo Spirulina ting mau cam va vang.

Su dung astaxanthin vao thirc an cho tom

Yamada er al., (1990) d3 tién hanh nghién ciru
ham lugng astaxanthin bd sung vao thire an cho tom
he Nhat Ban véi liéu tir 50 dén 400 ppm trong thoi
gian 8 tudn. Két qua nghién ciru cho thiy ché do cho
n véi ham lugng astaxanthin ting dén 200 ppm thi
su tich liiy astaxanthin trong tom ciing tang lén ti da
14 29,1 mg/kg trong lugng co thé. Tuy nhién, che do
b sung > 200 ppm khong din dén su gia tang ndng
d6 astaxanthin trong co thit, ching t6 lugng bd sung
da dat dén muc bao hoa. Ngoai ra, ty 1¢ song ciia tom
dat 91% v6i ham lugng astaxanthin bd sung 1a 100
ppm, cao hon so véi 57% trong nhom déi chimg.
Thir nghiém khac cho tom he Nhét Ban an thirc an
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¢6 bd sung astaxanthin voi lidu 100 ppm,
canthaxanthin véi liéu 100 ppm va mot hdn hop cua
carotenoid (astaxanthin 100 ppm + canthaxanthin
100 ppm) di dugc tién hanh. Két qua cho thay ché
d6 bo sung astaxanthin cho phép tich tu sic t6 trong
thit cao hon 128% so vdi canthaxanthin va cao hon
135% so v&i hdn hop astaxanthin-canthaxanthin
(Negre-Sadargues et al., 1993).

Nghién ctru cua Marsden et al., (1997) cho biét
¢ thé thay thé 100% thuc an twoi song (muc va
vem) khi st dung vién dm (solf pellet diet) co bd
sung astaxanthin (40 mg/kg) va beta-caroten (40
mg/kg) trong nudi vd tom si bd me. Thuc an vién
4m BIARC?2 trong nghién ctru nay, cho tin suét sinh
san cao hon (1,4 1in) so v6i tom an thic an d6i
chung (thtrc an sdng) va cho ti 1& song tir 4u trung
dén giai doan hau 4u trung 1 (74,6%) cao hon so v&i
cong thue ddi ching (39,5%). O mét nghién ciu
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khac, Paibulkichakul et al, (2008) bd sung
astaxanthin (tr ngudn chlophyll pink - tao
Haematococcus pluvialis) va HUFAs (chu yéu DHA
va ARA tir dau c4) vao thire an vién két hop véi thie
an tuoi (muyc) nudi vo tom st bd me cho thay viéc bd
sung astaxanthin v6i lwong it nhat 1a 280 mg/kg thirc
an va 8% dau ca (thtc an c6 12% lipid) cai thién
dang ké chit lugng sinh san cua ca tom cai va tom
duc. Nghién ciru ¢ tom the chan trang giai doan hau
au trung cho thay dé tang kha nang phat trién va
song sot cua hdu au trang thi ham luong astaxanthin
cung cip 1a tir 100 mg dén 200 mg/kg (Niu et al.,
2009). Nhém tac gia nay con ching minh astxanthin
lam tang kha nang tang trong luong, ty 1& sinh
truong va song sot trén tom si (N1u et al., 2012).
Zhang et al., (2013) cling két luan ring voi ndng do
astaxanthin b6 sung 125 mg va 150 mg/kg thi kha
ning ting trong, ty 1¢ phat trién va chdng oxi hoa
tang hon so véi ddi chimg.

6 tudn
R% 9 tudn
B 2w

MB CcsB

SA + M8

Hinh 1. Két qua danh gia ham lwgng astaxanthin va mau séc cla co thit ca hdi van sau khi bd sung astaxanthin héa téng
hop va vi khuan bién theo Kurnia et al., (2015). A) Ham lwgng astaxanthin trong co thit ca hdi van trong suét qua trinh thi
nghlem B) Hinh anh mau sic co thit ca khi két thac thi nghlem Ast, astaxanthin; SA, astaxanthin héa téng hop; MB, vi
khuén bién; CSB, két hop astaxanthin héa téng hop va vi khuan.
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St dung astaxanthin vao thirc an cho ca hoi

Dbi v6i ca hdi, mau hdng co thit 1a chi tiéu cam
quan quan trong dé nguoi tiéu ding danh gia chat
luong thit c4. Nhimng c4 c6 co thit mau hong do tu
nhién cé gia tri thuong phém cao, nguoc lai, ca cb
mau hong nhat hodc tring s& kho tiéu thy. Sic t6
quyét dinh dén mau hong do cua thit ca hdi véan la
céc carotenoid, trong d6 astaxanthin. Sic t nay phai
dugc bd sung qua thirc dn va dan duoc ca hoi tich
liy trong co (Ando et al., 1992; Storebakken, No,
1992). Vi vay, dé dap tng thi hiéu mau sic hong do
co thit ca hdi ciia nguoi tiéu ding, cac trai nudi ca
hdi phai sir dung thirc dn ¢ bd sung astaxanthin.

Déi v6i ca hdi, astaxanthin dugc tich lay véi
lugng rat 16n trong co thit. Thit ca hdi hoang da tu
dai duong va cac dong song thuong co co thit mau
do6, mau hong hodc mau da cam ty nhién véi mic
dd dam nhat khac nhau. Ham lugng astaxanthin
trong co thit ca hdi c6 thé dat dén 40 mg/kg. Trung
binh thit c4 hdi Pai Tay Duong trong tu nhién co
chtra tir 3 - 11 mg astaxanthin/kg. Ngoai ra, dé tao
mau ddm hon cho c4 hdi, astaxanthin c6 thé duoc
cung cap ¢ mic 450 mg/kg thirc an trong vong 7
tuan (Sedgwick, 1995). Theo Torrissen va
Christiansen (1995), b sung canthaxanthin hodc
astaxanthin & mirc > 10 mg/kg thirc dn kho c6 thé
dam bao nhu cau ciia ca. Thir nghiém cia Ni et al.,
(2008) bd sung 0,75% Paracoccus sp. va 0,03%
astaxanthin tong hop cho ca hdi van trong 12 tuin
da lam téng ty 1€ astaxanthin phén tich dugc trong
co thit ca s dung Paracoccus sp. cao hon 13 rét so
v6i ddi chimg sir dung astaxanthin tong hop. Thu
nghiém cua Kurnia ez al., (2015) cho thay mau séc
co thit ciia ca hdi van c6 bd sung vi khuén bién sinh
astaxanthin ¢ mau do6 sam hon so véi bd sung
astaxanthin tong hop do ham luwong astaxanthin
trong co thit ca hdi van cao hon (Hinh 1).

NGHIEN CUU SAN XUAT ASTAXANTHIN
TREN THE GIOI

Ngudn astaxanthin b6 sung vao thic n cho ca
hdi thuong 1a dang tong hop héa hoc. Méc du, bo
sung voi lidu lugng rat thdp nhung chi phi cho bd
sung astaxanthin chiém t6i 10% gia thanh thirc an
(Johnson, 1991) va chua dugc cép phép st dung nhu
mdt phu gia thuc phiam hodc thanh phan dugc phim
(Tangeras, Slinde, 1994). Vi véy, sit dung ngudn
astaxanthin c¢6 ngudn gdc tu nhién duge coi 1a hudng
di co trién vong trong twong lai.
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Astaxanthin sinh téng hop san xuét tir nhiéu
ngudn nhu san pham phu trong ché bién tom, cua
(Bubrick, 1991), song do ham lugng astaxanthin
trong cdc san pham nay thap hon 1000 ppm nén phai
b sung vao thirc an ca ho1 voi ty 1€ 5 - 10% mdi cho
hi€u qué cao vé mau sic co thit (Tornssen et al.,
1995). Hon nita, nguyén liéu cé ngudn goc tir bot
dau tom, vo cua thuong co ham luong tro, florua va
chitin cao, khong thé bd sung nhiéu vao thirc an thiy
san do anh huong dén hiéu qua st dung thirc an.

Ngudn astaxanthin sinh téng hop khac tir ndm
men Phaffia rhodozyma dugc san xuat va tng dung
kha rong rdi. Andrews ef al., (1976) biao céo ring
luong astaxanthin chiém 83 - 87% tong s cac
carotenoids c6 trong P. rhodozyma. Tuy nhién, viéc
hép thu astaxanthin tir nAm men cua dong vat bi han
ché boi ciu tao thanh té bao ndm men. P& nang cao
su hép thu astaxanthin tir nAm men can qué trinh tich
chiét kha phirc tap.

Ngudn astaxanthin ty nhién khac 1a tir tao
Haematococcus pluvialis (Guerin et al., 2003).
Bot tdo H. pluvialis c6 ham lugng astaxanthin cao
la mot trong nhitng san pham dwgc st dung rong
rdi trong san xuat thic 4n chan nudi thiy san.
Carotenoid cta bot tao Haematococcus c6 chira
khoang 70% monoesters cua astaxanthin, 10%
diesters cua astaxanthin, 5% astaxanthin tu do va
phén con lai bao gom carotene, canthaxanthin,
lutein va cac carotenoids khac. Tuy nhién, viéc su
dung tao cho san xuit quy mé cong nghiép bi han
ché, nguyén nhan chinh la do tao co tbc @6 sinh
truong cham va chu ky song phtic tap. Vi vay, doi
hoi mot s ky thudt phtc tap gy stress nhan tao
dé co ham lugng astaxanthin cao. Thoi gian
chuyén pha mat khoang vai tudn dudi diéu kién
quang tu dudng. Hon nira, astaxanthin tur tdo
Haematococcus va nam men Phaffia 1a kho hép
thu vi astaxanthin nim trong ndi bao, mudn nang
cao hiéu qua st dung phai phd v& mang té bao
trude khi bd sung vao thie an. Qua trinh san xuét
astaxanthin doi hoi ky thudt cao dé lam v& hon
95% cac vach té bao dé tao ra astaxanthin c6 tinh
kha dung sinh hoc tdi da.

Trong khi d6 mot s6 vi khuén bién dugc xac
dinh 1a c6 kha ning tong hop astaxanthin vi du nhu
loai Agrobacterium aurantiacum (Yokoyama et al.,
1994), chung Paracoccus haeundaesis BCT74171
(Lee et al., 2004), va chung Paracoccus schoinia
NBRC 100637" (Takaichi et al., 2006). Do c¢6 kha
ning sinh téng hop astaxanthin cao, san phim
astaxanthin tao ra d& hép thu ddi vai vat nuoi, nhiéu
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loai vi khudn bién c6 tiém nang tr¢ thanh dbi twong
vi sinh vat téng hop astaxanthin ty nhién dé su dung
trong viéc bd sung vao thirc an cho cac ddi tugng
thuy san nudi. Pic biét vi khuin dat Paracoccus
carotinifaciens dugc phan lap tai Nhat Ban c6 kha
ning tong hop astaxanthin (Tsubokura et al., 1999),
va di co ché phdm Panaferd-AX tir vi khuin nay
(http://www.noe.jx-group.co.jp/english/products/

astaxanthin/). Thir nghiém so sanh véi ngudn
astaxanthin hoa téng hop di cho thdy nhiéu wu
diém nhu muc do an toan sinh hoc cao, kha nang

Bang 1. Cac vi khuan c6 kha nang tdng hop astaxanthin.

tao mau do vuot troi cia ché phém astaxanthin tur
chung vi khuén P. carotinifaciens trén dbi tugng
thir nghiém 1a ca hdi van va ca trap do (Kurnia et
al.,2007,2010, 2015).

C6 su khac biét rat 1on vé kha ning sinh tong
hop astaxanthin giita cic chung vi khuan, vi dy nhu
ning sudt cua Brevibacterium sp. chung 103 chi tir
25 - 30 pg/g sinh khéi kho trong khi d6 chung
Sphingomonas astaxanthinbreifaciens tao ra 2800
ng/g sinh khdi kho (Bang 1).

Vi khuan

Lwong astaxanthin Tai liéu tham khao

Brevibacterium sp. chung 103
Agrobacterium aurantiacum
Paracoccus sp. ching MBIC 01143
Halobacterium salinarium
Pseudomonas sp. SD-212
Paracoccus marcusii

Paracoccus carotinifaciens
Paracoccus haeundaensis
Sphingomonas astaxanthinbreifaciens
Paracoccus sp. N1106

Paracoccus bogoriensis
Altererythrobacter ishigakiensis
Sphingomicrobium astaxanthinifaciensTDMA-17T
Paracoccus NBRC 101723
Sphingomonas faeni

Corynebacterium glutamicum MB001

25 - 30 pg/g sinh khéi kho
90 pg/g sinh khéi kho
50 pg/g sinh khéi kho

lizuka, Nishimuara, 1969
Yokoyama et al., 1994
Misawa et al., 1995

265 pglg sinh khéi kho
200 pg/L

2800 pg/g sinh khéi kho
1012 pg/L

400 ug/g sinh khéi kho
40 pglg sinh khéi khd
1035 pg/g sinh khdi kho

Calo et al., 1995
Yokoyama et al., 1996
Harker et al., 1998
Tsubokura et al., 1999
Lee et al., 2004

Asker et al., 2007
Choi et al., 2009
Osanjo et al., 2009
Matsumoto et al., 2011
Shahina et al., 2013
Chougle et al., 2014

- Mageswari et al., 2015
1600 mg/g sinh khéi kho Henke et al., 2016

Ghi chu: - khéng xac dinh.

NANG CAO SAN XUAT ASTAXANTHIN BANG
Ki THUAT GEN

Gan day, voi sy phat trién cua cong nghé sinh
hoc, cac nha khoa hoc cé thé tao dot bién truc tiép
cic chung sinh téng hop astaxanthin di c6 hodc
tach dong va biéu hién toan bd cum gen li€n quan
dén con duong téng hop carotenoid trén cac vat chi
khac nhu Escherichia coli va Corybacterium
glutamicum (Lee, Kim, 2006; Tao et al., 2006; Seo
et al., 2009). Nhom nghién ctGru cua Tao et al,
(2006) da tach dong gen ma hoda cho enzym p-
carotene ketolase (crtW) tr mot chung vi khuédn
sinh tong hop carotenoid va xdy dung thu vién dot
bién gen nay véi muyc tiéu sang loc dugc cac thé dot

bién c6 kha nang chuyén hoa cac dang carotenoid
khac thanh astaxanthin. Két qua nghién ctru cho
thdy dot bién kép R203W/F213L c6 kha ning
chuyén hoéa canthaxanthin thanh astaxanthin cao
nhét. Rick ez al., (2006) cling xay dung thu vién dot
bién trén gen crtW (M991, M99V, va L175M) lam
tang kha ning san xuét astaxanthin. Nghién ctru ctia
Lee va Kim (2006) cho thay, tach dong cum gen
lién quan den con dudng tong hop carotenoid va tai
td hop vao té bao Escherichia coli BL21(DE3) cho
phép thu dugc 0,4 mg astaxanthin/g sinh khéi kho.
Lee et al., (2006, 2008) khong nhirng tach dong va
biéu hién nhém gen téng hop carotenoid tir vi
khudn Paracoccus haeundaensis, ma con tach dong
va biéu hién nhém gen lién quan dén con duong
tdng hop isoprenoid. Két qua biéu hién trén E. coli
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thu duogc lugng astaxanthin dat 1,2 mg/g sinh khdi
kho, cao gap 3 lan so véi khi chi tai t6 hgp nhom

Nguyén Thi Kim Lién et al.

gen tong hop carotenoid (Bang 2).

Bang 2. Ki thuat chuyén gen tir vi khudn dé cai thién kha ndng san xuét astaxanthin.

Ki thuat M6 ta Ngudn vi khuan Nang suat Tai liéu tham khao
astaxanthin
Gen riéng 1é Téach dong gen crtW Agrobacterium 60 + 8,0 pmol/lh/mg Fraser et al., 1997
auratiacum protein
Hai dot bién  Sphingomonas sp. Lwong astaxanthin Tao et al., 2006
(R203W/F213L) trén DC18 tao ra cao hon so
crtw v&i d6i chirng
. Dot bién L175M, M99V  Paracoccus sp. strain Lwong astaxanthin  Rick et al., 2006
Dot biengen  va M99l trén crtW N81106 tao ra cao hon so
v&i d6i chirng
Dot bién ngau nhién Paracoccus sp. strain N-  Lwong ,astaxa]nthin Ide et al., 2012
81106 tao ra gap 17 lan so
v&i d6i chirng
crtW148-crtZ Nostoc 1,4 mg/g dcw Lemuth et al., 2011
puntiforme PCC73102-
Pantoea ananatis
crtY-crtW-crtZ Pantoea ananatis- 0,4 mg/L/h Henke et al., 2016
Brevundimonas
aurantiaca- Pantoea
ananatis
Brevundimonas <0,1 mg/g dew Henke et al., 2016
bacteroides
Sphingomponas <0,1 mg/g dew Henke et al., 2016
astaxnthinifaciens
Két hop gen S. astaxanthinifaciens- 0,7 + 0,3 mg/g dcw Henke et al., 2016
crtW-crtZ Fluvimarina pelagi
B. bacteroides-F. Pelagi 1,7 + 0,3 mg/g dcw Henke et al., 2016
F. pelagi 1,6 £ 0,3 mg/g dew Henke et al., 2016
Methylomonas sp. strain 1 -2,4 mg/g dcw Rick et al., 2006
16a
crtW, crtZ, crtY, crtl, Paracoccus 0,4 mg/g dcw Lee, Kim, 2006
crtB, va crtE haeundaensis
crtW, crtZ, crtY, crtl, Paracoccus 1,2 mg/g dew Lee et al., 2008
crtB, crtE- lytB, FPP, haeundaensis-E.coli
ispA, IPP, idi

Lemuth et al., (2011) da thanh cong st dung ki
thuat tai t6 hop A-red dé chuyén cac gen crtEBIY,
crtWi148 (ma hoa cho B-carotene-ketolase) va crtZ
(ma héa cho B-carotene-hydroxylase) vao vi khuin
E. coli BW-ASTA, két qua biéu hién gen cho san
phim astaxanthin mong muén dat t6i 1,4 mg/g sinh
khéi kho. Nghién ctru dot bién ngdu nhién trén
ching Paracoccus sp. N81106 bang cach xir ly N-
methyl-N-nitro-N-nitrosoguanidine tao ra cac chung
dot bién sinh astaxanthin cao gdp 17 lan so véi
chung dai (Ide et al., 2012). Gan day, Ma et al.,
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(2016) da biéu hién gen idi tx E. coli vao
Sphingomonas sp. ATCC 55669 lam tang san lugng
astaxanthin 1én 5.4 1an. Henke et al., (2016) di dung
ki thuat chuyén gen viao ddi tuong khac la
Corynebacterium glutamicum (Hinh 2). Nhom tac
gia da chuyén thanh céng cac gen crtY (ma hoa cho
lycopene cyclase), crtW (ma hoa cho B-carotene
ketolase) va c¢rtZ (md hoéa cho [-carotene-
hydroxylase) dugc tach tir cac vi khudn khac nhau
vao C. glutamicum BETA1. San pham astaxanthin
dat dwoc voi nang suat 0,4 mg/L/h.
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Hinh 2. Sinh tdng hop astaxnathin béng ki thuat chuy&n gen vao Corynerbacterium glutamicum (Henke et al., 2016). A:
Con dudng chuyén héa sinh tdng hop carotenoid & C. glutamicum tai t& hop. Sinh tbng hop carotenoid c¢é ngudn géc tiv
cac tién chat dimethylallyl pyrophosphate (DMAPP) va isopentenyl pyrophosphate (IPP) dwgc minh hoa. Cac gen dwoc
hién thi bén canh cac phan (ng dwoc xic tac bdi cac enzyme ma héa (crtE: Prenyl transferase, crtB: Phytoene synthase,
crtl: Phytoene desaturase, crtEb: Lycopene elongase, crtYe/f. C45/50 carotenoid e-cyclase, crtY: Lycopene -cyclase, crtZ:
B-carotene hydroxylase (3,3'-beta-ionone hydroxylase), crtW: 3-carotene ketolase (4,4'-beta-ionone ketolase). Cac gen ndi
sinh dwoc hién thi trong hdp mau xam va bidu hién vwot mirc ctia ching dwoc chi bdng mii tén mau xanh 14 cay. Cac gen
ngoai lai dwoc danh dau trong cac hop mau. B: Lap rap gen t& hop cho khéi ddu qua trinh dich ma da dang cla gen crtW
(B-carotene ketolase) va gen crtZ (hydroxylase). Gen crtW dwogc tach tv Brevundimonas aurantiaca hoac Fulvimarina
pelagi; va gen crtZ dwoc tach tir Pantoera ananatis hodc Fulvimarina pelagi. Két hop chudi RBS khac nhau, codon mé dau
dich ma (ATG/GTG) va khoang cach gitka ching (khodng 3, 6 hodc 8 bp) dwgc danh dau trong hdp mau xanh 14 cay Py,
promoter. C: San xuét astaxanthin, canthaxanthin va B-carotene b&i cac ching biéu hién vwot mirc bdi sw két hop khac
nhau cac gen crtW va crtZ. B.a.: Brevundimonas aurantiaca; F.p.: Fulvimarina pelagi.
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NGHIEN CUU SAN XUAT CHE PHAM CHUA
ASTAXANTHIN TU VI KHUAN Paracoccus sp.
TREN THE GIOI

Cac ching khac nhau thudc loai Paracoccus sp.
c6 thé khac nhau vé hiéu suét téng hop astaxanthin,
dan dén mau sic khuén lac thay doi tir vang dén cam
do. Chinh vi vay, cdc nha nghién ctru da tim cac didu
kién nu6i céy va lén men thich hop dé nang cao hiéu
sut tong hop astaxanthin ciia chung vi khuan nay.
Céc chung Paracoccus sp. c6 thé phat trién trong
mdt mdi truong dinh du’ong tur carbon, nitrogen va
c4c chét vo co. N6 co thé tong hop duoc mot sac t6
riéng biét hodc hon hop cac sic td.

Tir ching vi khuén Paracoccus carotinifaciens
¢6 kha nang sinh tong hop astaxanthin (Tsubokura
et al.,, 1999), nhém nghién ctu cua cong ty JX
Nikko Niseki energy Co., Japan di san xuat dugc
ché pham Panaferd-Ax tir sinh khdi kho cua vi
khuin nay. Ché phém Panaferd-Ax da dugc Co
quan an toan thyuc phém chiau Au chimg nhan 1a an
toan, c6 thé s dung dé bd sung vao thirc an cho
¢4 hoi (Bories et al., 2007). Ché pham nay dugc
san xuat bang phuorng phap 1én men truyén thong
Sau khi lén men, ngudi ta nang nhiét do trong noi
l1én men 1én 80°C dé tiéu diét cac té bao P.
carotinifaciens. Ham luong astaxanthin dat 20 -
21 g/kg. San pham duoc sdy phun & 110 - 200°C.
Che pham bd sung vao thirc dn cho ci & ndng dd
cao nhit l1a 3,68 g/kg, tuong Gng voi 85 mg
astaxanthin trén kg. Ché pham bao gdm 50,4%
protein tho, 33,6% cac hop chat khong chira nito
bao gdm cac carbohydrate va polyhydroxybutiric

Nguyén Thi Kim Lién et al.

acid tor moi truong 1én men, 9,3% tro, 3,8% chét
béo thé va d6 am chiém 2,8%. Gan day,
Katsumata et al., (2014) xac dinh ndng do gi6i
han cua ché pham sinh khdi loai P. carotinifaciens
giau astaxanthin lén chudt dat ngudng an toan
dudi 1000 mg/kg/ngay.

Téi wu héa diéu kign lén men trong diéu kién
Pphong thi nghiém

Lee va Kim (2006) da nghién ctru anh hudng
clia ti 16 C/N lén tang trudng cia vi khuin bién P.
haeundaensis, két qua 1a Vi ti 1€ C/N = 4,8 cho thiy
vi khudn nay ting truong rat tot, tuy nhién c6 ham
lugng astaxanthin khong cao, trong khi d6 véi ti 1€
C/N = 6,2-7, vi khuén P. haeundaensis cho sinh khéi
chira ham luong astaxanthin cao (2,4 mg). Nghién
ctru cua Tsubokura et al., (1999) dbi v6i vi khuan P.
carotinifaciens E-396" cho sinh khbi giau
astaxanthin cao hon hin, tuy véi thoi gian nuéi sinh
khdi dé tong hop astaxanthin dai hon (4 - 5 ngay) so
v6i 3 ngay cua vi khuin P. haeundaensis.

Chougle va Singhal (2012) ciing t6i wu hoa céac
thong s vét 1y va thanh phan méi truong cho ching
Paracoccus MBIC 01143 dé san xuét astaxanthin.
Méi truong tdi wu hoa duge bd sung tricarboxylic
acid dé ting cudng phdi tron cua cac tién chat, trong
khi d6 cac cofactors ctia enzyme crt (ferrous
sulphate, ascorbate, NADPH, ATP va 2-
oxoglutarate) dugc thém vao dé kich thich hoat tinh
clia enzyme nhim ting kha ning tich Iy
astaxanthin. Malate & ndng d6 5 mM va ferrous
sulphate ndong d6 1 mM ting ning sudt san sinh
astaxanthin tir 177 1é€n 3.750 pg/L.

Bang 3. Thanh phan mai trwdng va cac thong sb 1én men trong qua trinh tao astaxanthin tir vi khuan.

Nhan t6 Théng s6 Thanh phan cu thé
Nguén carbon 0,5-3% Buong: Glucose, sucrose,
0,2-5% Acid hiru co: acid acetic, acid fumaric, acid citric, acid propionic, acid malic, acid
malonic, acid pyruvic.
Chét cdn: ethanol, propanol, butanol, pentanol, hexanol, isobutanol, glycerol.
D&u: dau dau nanh, dau 6 liu, dau ngd, dau virng, dau cai
Ngudn nito 0,01-0,15% Nito' v co: NaNOs, NH4NO3, (NH4)2SO4, KNO3, NH4CI, CH4N2O, NH3-N
0-80g/L Nito hiru co: bét dau twong, bét lac, nédm men, glutamate
Muéi vo co 0,001 -0,01% NaCl, K,SO4, CaCl,, KCI, NaHCOj, SrCl,, H3BO3;, NasSiOs;, NaF, KH;PO,,
KzHPO4, N8H2PO4, NazHPO4, FeCI3, MnC|2, MnSO4, MgC'z, CUSO4
Vitamin 0,01 - 100 mg/L Biotin, cyanocobalamin, riboflavin, pantothenic acid, pyridoxine, thiamine,

ascorbic acid, folic acid, niacin, p-aminobenzoic acid, inositol, va choline

Ngudn déc biét khac 0,01-0,5%
pH 6,0-8,0
Nhiét do 20-35°C
Chét chéng &m 01-10g/L
Thoi gian 4 - 7 ngay
Oxi hoa tan 2 -8 ppm
Téc d6 khudy 200 rpm

Cao ndm men, peptone, triptone

Chét chéng &m gbc con, polyether, ester, acid béo
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Téi wu héa diéu ki¢n lén men & quy mé pilot

Hirasawa et al., (2011) di nghién ctru cac yéu t6
anh huéng 1én sy tong hop astaxanthin (Bang 3) va
xac dinh diéu kién 1én men t6i wu cho ching vi
khuén P. carotinifaciens E-396 nhu sau: mdi truong
khoi dong gdm sucrose (20 g/L), dich chiét ngé (5
g/L), KH,PO; (0,54 g/L), K,HPO, (2,78 g/L),
CaCl,.2H,0 (5 g/L), MgSO4,7H,0O (0,7 g/L),
FeSO,.7H,0 (3 g/L), nhiét d6 28 °C, téc do6 lic 100
vong/phut; méi truong 1én men gdm glucose (40
g/L), dich chiét ngd (30 g/L), (NH,),SO, (0,5 g/L),
KH2PO4 (2,25 g/L), NazHPO412H20 (5,7 g/L),
CaCl,.2H,0 (0,1 g/L), MgS04,.7H,O (0,5 g/L),
FeSO,.7H,O (5 g/L), L-monosodium glutamate
monohydrate (6 g/L), chat chong am gdc cdn (0,5
g/L), D-biotin (1 mg/L), oxygen hoa tan (2 ppm),
nhiét d6 28 °C, téc do khudy 200 rpm. Két qua cho
thiy ham lugng astaxanthin thu dugc da tang tir 7,5
mg/L 1én 39 mg/L.

TINH HINH NGHIEN CUU SAN XUAT
ASTAXANTHIN VA TRIEN VONG UNG DUNG
O VIET NAM

Nghién ciru sdn xuat astaxanthin

O Viét Nam, chii yéu 1a st dung cac ché pham
gidu astaxanthin thuong mai nhu CAROPHYLL"
Pink vao san xuét thirc dn cho ca hdi va ca canh. Cho
dén nay, rat it cac cong trinh nghién ciru san xuat
astaxanthin tir ngudn thién nhién dugc nghién ciru.
Nghién ctru ciia Téng Kim Thuan er al., (2007) tao
sinh kh6i ndm men Phaffia rhodozyma nhim tao ché
phim giau astaxanthin bd sung cho nuéi trong thity
san. Nhom tac gia da phan lap dugc hai chung ndm
men va dua ra dugc quy trinh tich chiét, xac dinh
astaxanthin trong sinh khéi nAm men bing phuong
phap quang hoc va sic ky long cao ap (HPLC) va
dwa ra hai quy trinh san xuat sinh khdi nAm men giau
astaxanthin. Nam 2008 - 2012, Nguyén Thi Huong
et al., da tién hanh nghién ctru tach chiét astaxanthin
tor tdo Haematococcus pluvialis phan lap & Viét
Nam. Mot nghién ciru khac ciing dugc thyc hién
nam 2010 - 2012 tai Phong Coéng nghé tao, Vién
Cong nghé sinh hoc nghién ctru vong doi cua vi tao
Haematococcus pluvialis trong didu kién phong thi
nghiém. Nhom tac gia da phan lap thanh cong hai
ching tao H. pluvialis c¢6 kha ning sinh téng hop
astaxanthin v&i ham lugng 4 - 6% sinh khéi kho cua
tao va dua ra quy trinh diéu khién qua trinh sinh téng
hop astaxanthin va quy trinh chiét xuat astaxanthin.
Tuy nhién, nhiing nghién ctru trén cho thiy viéc

chiét xuét astaxanthin tir t& bao tao kha phuc tap,
hiéu xuat st dung cua dong vat con thap.

O Viét Nam nghién clru nao vé vi khuin san
sinh astaxanthin con chua nhiéu. Nguyén Thi Van
Anh va nhém nghién ctru ciia Truong Pai hoc Khoa
hoc Tu nhién ndm 2012 — 2015 da "Nghién ctru sang
loc cac chung vi khuan Bacillus tir ga va tom dé san
xuét probiotic ¢6 tinh wu viét cho chin nudi va thiy
san”. Nghién ctru da phan lap va tuyén chon duoc
cac ching Bacillus c6 kha nang san sinh astaxanthin
sir dung cho chan nuéi. Do vay, viéc phan lap tuyén
chon dugc chung vi khuan san sinh astaxanthin, phat
trién cong nghé san xuét ché pham giau astaxanthin
va ing dung ché pham nay trong chan nudi tai Viét
Nam 1a rit can thiét va cn dugc quan tdm nhiéu hon
nira.

Bo sung astaxanthin trong thirc an nudi cd cinh

Astaxanthin c6 ngudn gdc tir ty nhién hodc hoa
tong hop dd dugc nghién ciru bd sung vao thic dn
nudi ca canh & Viét Nam. Pang Quang Hiéu ef al,
(2010) da nghién ctu sir dung ché phim chira
astaxanthin va tao Spirulina bd sung vao thirc nubi
ca dia (Symphysodon sp.). Két qua nghién ctru cho
thiy, viéc bo sung tao Spirulina vao thirc in nudi ca
dia (3-9 g/kg) c6 tac dung lam ting cudng mau sic
c4 (46 dam - nhat, mau vang, mau xanh) voi két qua
tot nhét & lidu luong 9 g/kg. Viée bd sung ché pham
astaxanthin vao thirc an cé dia voi luong 1,2 va 3
g/kg deu cho két qua tang mau sdc & ca voi cuong do
mau sic t6t nhat vai lidu 3 g/kg thie an. Tuy nhién,
tac gia cua thi nghiém nay khong noéi rd ham luong
astaxanthin c6 trong ché pham. Nghién ciru ciia HO
Son Lam e al., (2016) trén ca khoang ¢d Nemo cho
thiy ham lugng astaxathin (héa tong hop) cang cao
(0 dén 200 mg/kg thirc &n) thi chi s6 mau sac cua
cang tang (2,12 dén 8,04) sau 8 tuan thi nghiém.

Bo sung astaxanthin trong thirc an nudi tom

Hién nay trong nudi V(~) tom bb me 0 Viét Nam,
cac trai san Xudt tom g1ong dang chu yéu s dung
thirc an song va chua b sung astaxanthin vao thirc
an nudi vo. Vi vay, viéc cap nhat va ang dung cac
nhing tién bd khoa hoc trong nghién ctru bd sung
astaxanthm vao thirc an nudi vo dé ca1 tlen thire an
nudi vo tdm bd me & Viét Nam 1a rat can thiét, g6p
phin ning cao tinh bén viing, 6n dinh ctia nghé nudi
tom. Nghién ctru b6 sung ché phdm giau astaxanthin
cén duoc tién hanh trén ca thic 4n vién 4m va thirc
an séng dé c6 su lya chon trong ap dung két qua
nghién ctru sau nay vao thuc tién san xuat rong hon.
Hon nira, viéc bd sung astaxanthin vao thirc an vién
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4m c6 uu diém 13 ky thuat bd sung thuat lgi hon
trong qua trinh san xudt thirc n, dam bao d6 chinh
xac cao va d& hao hut hoat chat hon trong qué trinh
su dung.

Sdn xudt va s dung thirc an bo sung astaxanthin
cho ca hoi

Dé chu dong nguon thirc an trong nudc thay thé
cho thirc dn nhap khau, mot s6 cong ty san xuét thirc
an va Vién Nghién ctru Nudi trong Thuy san 1 da
thyc hién nghién ctru va thir nghiém san xuat thirc dn
ca hdi ¢ quy mod nho. Két qua nudi thir nghiém bing
thirc an san xuat trong nudc cho toc d sinh truong
nhanh, hé s6 thirc an thap (FCR < 1,3). Tuy nhién,
mirc d6 6n dinh trong duy tri mau do hdng cua co
thit con chua dat yéu cau nhu nguoi nudi mong
mubn. Do vay, tat ca nhiing trang trai nudi ca hoi
van tai Viét Nam van phdi st dung thirc in nhap
ngoai dé nudi ca hdi van, it nhat 1a 2 thang trudce khi
thu hoach dé ting mau séc cho c4. Van d& tao mau
sdc cho ca hoi dang 1a vin dé quan tdm cua khong
chi cac nha san xuét thirc an trong nudc ma con la
clia ngudi nudi ¢4 hdi van tai Viét Nam.

Vién Nghién ctru Nubi trong Thuy san 1 da
trién khal dé tai Nghién ctru ung dung enzyme dé
san xuét thirc an nudi ca h01 va ca tam san pham
thirc an do d& tai san xuit ra di dugc ngudi nudi
danh gia 1a c6 hiéu qua cao trong tdng truong va
phat trién cta c4 hdi (Nguyén Thi Trang, Nguyén
Tién Hoa, 2013). Dé tai da bd sung astaxanthin vao
trong thic an cho c4 hdi van bing ngudn
astaxanthin tong hop (Carophyl Pink 10%) véi ty 18
80 mg/kg thirc an. Tuy nhién higu qua vé mau sic
chua cao va chwa 6n dinh. Do d6, can c6 nhirng
nghién ctru tiép theo tim ra nhimg ché phim tu
nhién bd sung vao thirc an cho ca hdi cling nhu liu
luong va phuong phap bd sung s& dé gop phan thiic
ddy san xudt thic dn cho ca hdi tai cic cong ty
trong nude ciing nhu nghé nudi phat trién.

KET LUAN

Astaxnathin dac biét 1a astaxanthin sinh téng
hop boi vi khudn ¢ vai trd quan trong trong viéc
nang cao gia tri thwong mai va kha nang sinh san
cling nhu kha nang séng sot cua cac loai thily san
nhu c4 canh, ca hdi, tom. Nghién ciru cic chung vi
khuan c6 kha ning san sinh astaxanthin va viéc bd
sung astaxanthin vao thirc an trong nudi tréng thuy
san da dugc nghién ctru trén thé gidi. Cho dén nay
ché pham Panafed-AX tir vi khudn Paracoccus
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carotinifaciens dugc co quan an toan thuc phim
chau Au chimg nhan 13 an toan dbi véi ca hdi. Tuy
nhién, nghién ctru tim ra ching vi khuan ¢ kha ning
sinh tdng hop astaxanthin va bd sung astaxanthin tir
vi khudn vao thitc an cho ca canh, c4 hdi va tom &
Viét Nam con chua nhidu. Vi vay, trong tuong lai c6
thé dinh hudng nghién ctru chon loc madi trudng cho
vi khudn sinh tong hop astaxanthin ciing nhu cai
thién kha ning tao astaxanthin cua chung bing céac
ky thuét chuyén gen hay bién dbi gen lién quan dén
con dudng chuyén hoa astaxanthin va céc nghién
ctru ing dung astaxanthin cho nudi trong thuy san.

Léi cam on: Cong trinh dwoc hoan thanh véi su ho
tro kinh phi cia dé tai “Nghién ciru san xudt ché
pham giau astaxanthin cé nguon goc tir vi khudn
Paracoccus carotinifaciens b6 sung vio thirc dn cd
canh, cd héi va tém bé me” thuoc Chwong trinh
trong diém Phdt trién va g dung céng nghé sinh
hoc trong linh vwc Thuy san, B Nong nghiép va
phat trién nong thon.
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SUMMARY

Astaxanthin is red or pink pigment that found in crustaceans and marine animals. Astaxanthin plays an
important role in enhancing the commercial value, the reproductivity and survivability of aquatic species. Due
to crustaceans and marine animals are unable to self-synthesize astaxanthin, the demand for astaxanthin
especially natural astaxanthin added to the food for aquaculture are increasing. Natural astaxanthin sources
from algae, yeast and bacteria are being used in industrial production. However, astaxanthin from bacteria has
the advantage of being easier to absorb than algae and yeast. Therefore, astaxanthin biosynthesis by bacteria
are being very noticeable. Many bacterial strains are capable of producing astaxanthin such as Paracoccus
spp., Agrobacterium spp., Sphingomonas spp., Pseudomonas spp., Halobacterium spp.... Among these,
Paracoccus carotinifaciens is one of the most studied and used species in astaxanthin production. In this
review, we summarize information about the role and situation using of astaxanthin in aquaculture. Especially,
we focus on the astaxanthin from bacteria in aquaculture to improve color of aquatic species such as
ornamental fish, rainbow trout, and shrimp in the world and Vietnam. Besides that, the progress to enhance
astaxanthin production such as genetic engineering, gene mutations, as well as optimization of fermentation
conditions are also discussed in this article. These are useful information for the development and application

of astaxanthin from bacteria in aquaculture.

Keywords: Aquaculture, Astaxanthin, astaxnathin producing bacteria, role and application
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