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TOM TAT
Trong nuéi cd canh néi chung, mau sdc déng mét vai tro rat quan trong dnh hieong truec tiép dén gid tri
va sw chdp nhdn cua thi truong. Mdc dit da dat dwoc thanh cong trong san xudt giong nhiéu lodi trong giong
cd khoang cé nhung mau sdc kém ciia nguon cd nay so véi ca hoang da la mét trong nhitng thach thirc I6n hién
nay. Dé giai quyét van dé nay, ching t6i sir dung astaxanthin tach chiét tir Copepoda, lodi Pseudodiaptomus
annandalei, bé sung vdo thikc an nham cdi thién mau sdc cia ca khoang c6 nemo, Amphiprion ocellaris. Nam
ham lwong astaxanthin, 50 — 450 mg/kg thirc dan, va mét nghiém thire doi chirng da dwoc thir nghiém. Cd dwoc
nuoi trong cdac bé kinh, 60 lit/bé, véi mdt dé 15 con/bé. Moi nghiém thirc diroc thuc hién voi 3 lan lap trong 75
ngay. Két qua cho thdy cdc chi sé danh gid hiéu qua cdi thién mau sdc nhiw a* (xanh ld — do), b* (xanh dirong —
vang), H° , (tong mau), C" , (d6 bao hoa mau), AE” (khac biét mau sdc t(fng thé) va ham lwong carotenoids tich
lily (da va co thit) dat dwoc tot hon ciing véi mike tang ciia ham heong astaxanthin bé sung (P < 0,05). Mikc
dé a6 va ham lwong carotenoids tich lily trén da cd & nghiém thire 450 mg/kg dat cao nhdt, cao hon lan leot
la 111% va 270% so véi doi chirng. Nghién ciiu cung cdp mot gidi phép hiéu qua nham cdi thién mau sdc ciia
cd khoang cé nemo, qua d6, gop phan néing cao chat lwong con giong san xudt dép iing nhu cdu thi truong.
Keywords: Astaxanthin, ca khoang cé nemo, Copepoda, ham liwong carotenoid tich lity, mau sdc.
ABSTRACT

In ornamental fish farming, colouration plays a crucial role in determining the value and market
acceptance of the fish. However, captive fish often have inferior colouration compared to their wild
counterparts, posing a significant challenge. To address this issue, we conducted a study using astaxanthin
extracted from Copepoda, Pseudodiaptomus annandalei, as a dietary supplement to enhance the colouration
of captive clownfish, Amphiprion ocellaris. We tested five levels of astaxanthin supplementation, ranging from
50 - 450 mg/kg of feed, along with a control group. The fish were raised in glass tanks with 60 litres per tank,
housing 15 individuals each. Each treatment was replicated three times over 75 days. The results demonstrated
that the evaluated color improvement indices, such as a* (green-red), b* (blue-yellow), H° , (hue angle), C" ,
(color saturation), AE (overall color difference), and the accumulation of carotenoids (in the skin and muscle),
showed better outcomes with higher levels of supplemented astaxanthin (P < 0.05). The treatment with 450
mg/kg of astaxanthin exhibited the highest levels of redness and carotenoid accumulation on the fish skin,
representing a respective increase of 111% and 270% compared to the control group. This study provides an
effective solution for enhancing the coloration of clownfish species, thereby contributing to the improvement of
breeding stock quality that meets market demands.

Keywords: Astaxanthin, accumulated carotenoid content, colouration, Copepoda, false clownfish.
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I. PAT VAN DE

Nghé nudi ca canh bién di thu hat duogc sy
quan tam cua nguoi choi thuy sinh vat canh,
cac nha nghién ciru va bao ton trong vai thap
ky tré lai day [8]. Ca khoang ¢ hay con goi la
ca hé (gibng Amphiprion, ho Pomacentridae),
v6i khoang hon 30 loai, 1a nhom ca duge chu y
nhat nho kha ning thich nghi cao véi diéu kién
nudi, va rat nhiéu trong sb6 d6 d3 duge bao cao
san xuat giéng thanh cong [8, 9]. Ca khoang
cd nemo, Amphiprion ocellaris, 1a loai dugc
ua chudng nhét boi mau sic dep, tap tinh séng
cong sinh doc dao véi hai quy va hoat dong boi
vui nhén [8, 11, 25]. Mic d1‘1 da dat dugc thanh
cong trong viéc san Xuat glong nhiéu loai trong
gidng ca khoang c6 [8, 9] nhung mot trong
nhiing thach thirc 16n hién nay la con giong
san xuét nhan tao thudng c6 mau sic kém hon
nhiéu so voi nguon ¢4 tu nhién. Céac biéu hién
dé nhan thy thudong 1a mau da nhot nhat, t6i
xam va kém ryc ro [8, 33], trong khi d6, mau
sic 1a mot trong nhiing tiéu chi quyét dinh gia
tri cling nhu kha nang chip nhan cta ngudi tiéu
dung d6i v6i mot loai ca canh bién [12, 21, 24,
27] Bit chap nhiing thanh cong trong san Xudt
giong nhan tao thoi gian qua, mau sac kém cua
nguon cé nay la nguyén nhan lam gia tang tro
lai 4p lyc khai thac 1én ngudn loi tu nhién, gy
can kiét nguén loi va pha huy hé sinh thai ran
san ho, dac bié¢t 1a khi st dung cac bi¢n phap
khai thac khong bén ving [8, 25]. Do dé, viée
tim kiém céc giai phap tang cudng mau sdc
cho ca khoang co n01 riéng va ca canh bién noi
chung 1a hét stre can thiét nham ning cao gia
tri va phat trién bén vimng nghé nuéi thily sinh
vat canh blen nay.

Mau sic & ca rat da dang va ddm nhiém
nhiéu chirc ning quan trong véi hoat dong sdng
ctia chung [28]. Di v6i ¢ canh, mau da con
¢6 ¥ nghia ting cudng sy hip dan gitp nang
cao gia trj trén thi truong [8]. Mau séc hién thi
& cé bi chi phdi boi nhiéu yéu t6 tir di truyén,
kiém soat than kinh, ndi tiét dén moi truong va
dinh dudng [22]. Su thay ddi mau sic & ca co
thé tuan theo hai co ché, 1a hinh théi va sinh 1y,
dudi tac dong ciia nhiéu yéu t6 [28]. Dua vao
nhing hiéu biét d6, mot sé giai phap da duoc
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ng dung vao san xuat nham ting cuong mau
sdc clia ca va da thu duoc nhimg két qua tich
cuc [19]. Trong d6, bd sung dinh dudng 1a giai
phap dugc ap dung phd bién hon ca nho don
gian, hiéu qua va it tac dong tiéu cuc dén dbi
tugng nuoi [6, 14]. Tuy nhién, véAn dé 13 can xéc
dinh duoc loai sic t6 va ché do bd sung (ham
luwgng va thoi gian) thich hgp. Carotenoids da
dugc sir dung dé tang cuong cac mau sdc cam,
do va vang ¢ nhidu loal ca tom [21, 27]. Trong
s6 nay, astaxanthin, sic t6 tu nhién, hién dién
voi1 ham lugng cao ¢ céc loai vi sinh vat va
giap xac [14], dugc chung minh la vuot tréi
trong viéc tang cuong mau sdc nho dé tidu hoa,
hap thu ctng nhiéu lgi ich sirc khoe khac (14,
37]. Dang chu ¥, ca khong c6 kha ning ty tong
hop cac sac to ké trén ma phai phy thudc hoan
toan vao ngudn cung tir thirc dn dé dat duoc
mau sic dic trung [27]. Thiéu hut sic té trong
khau phan an 1a nguyén nhan chinh lam ca bi
phal mau, nhot nhat hay t6i sam [19]. Béi nhu
cau tang cudng mau sac cua ca nham thoa min
thi hiéu cua nguoi nudi, cac dang carotenoids
khac nhau, ca ty nhién va tong hop, dugc sir
dung ngay cang pho bién [14, 27]. Tuy nhién,
céc carotenoids tong hop ton tai nhiéu nhuoc
diém nhu gia thanh cao, han ché trong viéc ti€u
hoa, hap thu, hiéu qua 1én mau, thuc ddy stc
khoe tong thé bén canh nhiing lo ngai vé van
dé an toan [34]. Piéu nay da thuc day cac nha
nghién ctru tim kiém va ing dung cac ngudn
carotenoids ty nhién Von ¢6 nhiéu loi ich stic
khoe, bén canh mau sic, véi ddi tuong nudi
[21, 27].

Ngudn astaxanthin tir gidp xac noi chung,
dac biét la tir cac loai giap xé&c chan chéo
(Copepoda), dang ngay cang thu hut duoc su
quan tAm boi tiém ning 16n va sin co [14].
Tuy theo cong nghé tach chiét, loai, ving phan
bd cu thé, ham lugng carotenoids co thé dat
1.220 mg/kg khdi lugng kho (DW), dao dong
tir 0,14 — 17.200 mg/kg DW [36]. Nam & ving
nhiét doi, Viét Nam co ngui‘in loi Copepoda
rat 16n, ca thanh phan loai va san luong [,
2]. Cac loai Copepoda khac nhau, bao gom
Pseudodiaptomus annandalei, dd va dang dugc
tmg dung 1am thirc an sbéng trong wong nudi



Tap chi Khoa hoc - Cong nghé Thiiy sdn, S6 4/2023

nhiéu loai ¢4 bién [3, 17]. Ngoai carotenoids,
Copepoda con rat gidu cac thanh phan dinh
dudng thiét yéu nhu axit béo khong no, axit
amin, vitamin C, E, va cac chat chong oxy hoa
[35]. Viéc s dung Copepoda trong uwong nubi
da gitip nang cao sinh truong, ty 1€ song, blen
thai, glam ty 1& di hinh va ting cudng mau sic
& nhiéu loai ca bién [20]. Tuy nhlen viéc st
dung Copepoda tuoi song cling tiém an nhiéu
nguy co gdy suy giam chat lugng nudc va lay
nhidm mam bénh [5]. Pong thoi, con gidng san
xudt nhan tao c6 thé sir dung khong hiéu qua
ngudn thirc dn nay néu khong dugce tap cho an
va cung cdp thudong xuyén [10]. Ngoai ra, &
cac giai doan sau cua qua trinh wong nuoi, kich
¢ nho cua loai thirc an nay c6 thé khong con
phti hop v6i ¢& miéng ctia nhidu loai ca [20].
Do @6, viéc sur dung Copepoda cho 601 tuong
nuoi trong nd luc tang cuong mau sic va stc
khoe tong the thuong gap nhiéu kho khin. Viéc
tach chiét sic to tir loai giap xac chan chéo nay,
dudi dang ban tinh cht, tuong tu cach lam voi
phu pham ché bién tom, bd sung vao thirc dn c6
nhiéu vu diém nhu d& tiéu hoa, hip thu, tién loi
trong st dung va bao quan [33]. Mac du vay,
cho dén nay, cac nghién ciru vé van dé nay trén
c4 bién, dic biét 1a nhom ca khoang ¢6, van con
hét strc han ché. Nghién curu hién tai dugc thuc
hién nhim x4c dinh ham luong astaxanthin
tir Copepoda thich hgp bd sung vao thic dn
gitip ting cudng mau sic da va ham lugng
carotenoids tich lity & ca khoang ¢ nemo.
II. VAT LIEU VA PHUONG PHAP
NGHIEN CUU

1. Tach chiét astaxanthin

Copepoda, loai Pseudodiaptomus
annandalei, dugc thu tir cac ao nudi tai Cam
Ranh, Khanh Hoa, sau do, duoc van chuyén vé

phong thi nghiém, Truong Pai hoc Nha Trang.
Nguyén liéu dugc rua sach, loai bo tap cht,
va bao quan ¢ nhiét d6 am 20°C. Dung moi
sir dung d¢ tach chiét astaxanthin 1a con 96%
véi quy trinh tach chiét duoc thuc hién theo
bang Trung Thanh va ctv. (2022) va Tran et al.
(2022) [4, 33]. Theo d6, Copepoda tuoi (100 g)
dugc ra dong, dé rdo nude, xay nhuyén bang
may xay sinh td. Tiép theo, con dugc cho vao
cbe voi ty 16 dung moi/nguyén licu 1a 3,5/1,0,
(v/w). Hon hop dugc dua vao 10 vi song dé tach
chiét astaxanthin vé&i thoi gian 180 gidy. Qua
trinh xr ly vi song dugc thuc hi¢n gidn doan,
ctr 30 gidy bat/tat mot 1an, v6i tong 3 1an chiét
duogc thuc hién dé t6i wu hoa hiéu qua [4]. Vai
loc dugc sir dung dé tach dich chiét ra khoi
phan b sau mdi 1an chiét. Dich chiét gop cua
3 lan duogc loai bo con voi may c6 quay chén
khong. Tiép theo 50 ml dau dau nanh duoc
thém vao va tiép tuc cd dé astaxanthin hoa tan
vao dau. Dau astaxanthin sau d6 dugc rira sach
bang nudc néng dé loai bo cin protein va tap
chat. Cubi ciing, hdn hop diu chira astaxanthin
duoc thu va ham lugng trong mau dugc xac
dinh bang may do UV-Vis & budc song 487
nm. Ham lugng astaxanthin thu dugc 1a 178,65
ng/g Copepoda twoi, va dugc sir dung dé bd
sung vao thtrc an cho ca.

2. Chuén bij thirc in

Khau phan thirc an co ban, bao gdbm 55%
protein tho va 9% lipid, dugc xay dung theo
nhu cdu thirc dn cho wong ci bién. Chi tiét
thanh phan, ty 1¢, va ham lugng dugc trinh bay
trong Bang 1. Nam ham lugng astaxanthin b6
sung gdm 50, 150, 250, 350 va 450 mg/kg thirc
an, va mot nghiém thae ddi chimg khong bo
sung duoc thir nghiém (Bang 1).

Bang 1. Cong thirc va thanh phin sinh héa ciia thirc in thi nghiém

Thanh phan (g/kg) ACO AC50 AC150 AC250 AC350 AC450
Bot ca Peru 396 396 396 396 396 396
Bot ca Viét Nam 160 160 160 160 160 160
Bot myc 160 160 160 160 160 160
Bot tom 75 75 75 75 75 75
Bt dau nanh 70 70 70 70 70 70
Cam gao 10 10 10 10 10 10

TRUONG DAI HOC NHA TRANG e 27



Tap chi Khoa hoc - Cong nghé Thity sdn, S6 4/2023

Thanh phén (g/kg) ACO AC50 AC150 AC250 AC350 AC450
Bot gluten ngo 10 10 10 10 10 10
Bot mi 19 18.95 18.85 18.75 18.65 18.55
Casein 70 70 70 70 70 70
Dau myc 5 5 5 5 5 5
Déu d4u nanh 5 5 5 5 5 5
Vitamin tong hop 10 10 10 10 10 10
Polymethylcarbamide 5 5 5 5 5 5
Khoang tong hop 5 5 5 5 5 5
Astaxanthin tir Copepoda 0 0,05 0,15 0,25 0,35 0,45
Thanh phan sinh héa gan ding (%)

Protein tho 55,08 55,05 55,11 55,09 54,99 55,13
Lipid tho 9,10 9,12 9,13 9,15 9,17 9,09
Tro 11,17 11,08 11,12 11,15 11,22 11,31
Do am 10,24 10,17 10,14 10,21 10,24 10,19
Astaxanthin 0,008 0,059 0,161 0,260 0,359 0,462

Quy trinh san xuét thirc n cia ching toi
tudn theo phuong phdp cia Ebeneezar et al.
(2020) va Tran et al. (2022) [13, 33] cung vdi
mot s6 diéu chinh nho. Theo d6, cic thanh
phan nguyén liéu protein (bot ca, tom, muyc...)
va nang lugng (bt gao, bot mi...) dugc can
theo cong thirc (Bang 1), nghién min va tron
déu trong may tron thuc pham. Sau khi tron
va thém nudc, hon hop bot thirc an nay dugce
nau trong n01 ap suit trong khoang 20 phut.
Sau khi ndu va lam ngudi bot, hdn hop dau
astaxanthin (tuong Ung voi tirng nghiém thic
thi nghiém) va vitamin tong hop dugc thém
vao va tron déu. Tiép theo, hdn hop thirc an
duge din qua may ép vién c6 duong kinh mat
sang 2,0 mm. Thie an sau d6 duoc sdy kho &
60°C trong 18 gid trong 10 siy khong khi nong.
Thirc dn nay dugc nghién vun, sing qua mat
ludi dé thu duge cac vién thirc dn co c& hat
khoang 0,8 — 1,0 mm. Cudi cung, thuc an duoc
dong goi trong hop nhua kin khi, boc bang tii
bong den va bao quan trong ngan dong tu lanh
(-4°C) str dung déan. Céc thong sb sinh hoa gan
dung cua cac mau thirc an thi nghiém, bao gém
ham luong protein thd, lipid tho, tro, va do 4m
duoc phan tich theo phuong phap ctia Hi¢p hoi
cac nha hoa hoc phéan tich chinh thuac [7], va
thong tin chi tiét dwoc trinh bay trong Bang 1.
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3. Ngubn ¢4, hé thong nu01 va cham soc

Nguon ca Cé khoang c6 nemo, la nguon
san xudt glong nhan tao tai Trai san Xuét giong
¢4 canh bién Vinh Hoa, dugc sir dung cho thi
nghiém. Ca dua vao thi nghiém co kich thudc
ddng déu, chiéu dai toan than 1a 3,20 + 0,04 cm
va 0,62 £ 0,05 g/con. Ca dugc tha véi mat do
15 con/bé hay 4 lit nude mdi con. Ca duge nudi
trong hé thong bé trong 7 ngay dé lam quen véi
hé thong bé thi nghiém trudce khi bt dau tinh
thoi gian.

Hé thong bé: Hé thong bé nudi gdom 18
bé kinh co thé tich khoang 60 lit/bé. Ngudn
nude bién duge bom, xtt 1y theo quy trinh phd
bién, hién hanh truéc khi cép cho hé thong thi
nghiém. Nudc dugce cép vao O tﬁng mat, kiém
soat bang van dé dam bao tuong d6i dong déu
giita cac bé. Nudc thoat ra & dau dbi dién, chay
truc tiép vao mot bé loc sinh hoc (500 lit) nam
giita hé thong. Tai day, nudc duoc loai bo chat
thai ran nhd bong loc va xir Iy boi vi sinh vat
song trén bé mat gia thé 1a cac hat nhira bioball
va da san h6. Nudc sau khi xtr Iy duoc bom
tudn hoan tré lai cac bé nudi. Toan bd cac bé
dugc duy tri ché d6 suc khi 24/24 gio trong sudt
thoi gian thi nghiém. Luu lugng nudc cip vao
va thoat ra khoi bé dugc giit 6n dinh khoang
1,5 lit/phut/bé. Hé théng bé thi nghiém duoc
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dat dudi mai che, ché do chiéu sang tu nhién.

Cham soc va quan ly: Ca dugc cho an voi
tan sudt 4 1an/ngdy vao cac thoi diém 07h00,
10h00, 13h00 va 16h00. Ca dugc cho an theo
nhu cau, két hop voi quan sat dé didu chinh
luong thtic an hop ly. Sau 30 phut, lugng thirc
an du néu co duge siphon vao chau nhya trudc
khi dugc thu lai bang pipet nhwa va luu trit
trong ngan dong tu lanh. Lugng thitc an nay
dugc say kho vé do am 10% dé tinh toan hi¢u
qua str dung thirc an vao cudi thi nghiém. Bé
nudi dugc siphon loai bo phan, chit thai 2 lan/
ngay (6h30 va 17h00). Nudc dugc thay dinh
ky 1 lan/tuin véi luong bang 30 - 50% tong thé
tich bé. Cac thong sb méi trudng nudc duoc
theo ddi va duy tri trong pham vi thich hop véi
sinh truong, phat trién ctia ca khoang c6 nemo.
Cu thé, nhiét ¢ dao dong tir 27 - 31°C, d6 man
tr 32 - 34%o, pH tr 7,8 - 8,2, ham lugng oxy
hoa tan > 5,0 mg/L, ham lugng TAN (NH,/
NH,") < 1,0 mg/L. B¢ nuodi, hoat dong cuia ca,
ca chet neu co6 duoc quan sat va ghi chép hang
ngay dé tong hop vao cudi thi nghiém.

4. Thiét ké thi nghiém

Thi nghiém duoc thiét ké theo kiéu ngau
nhién hoan toan dé danh gia anh hudng cia viée
bd sung astaxanthin tach chiét tir Copepoda
vao thirc dn 1én mau sic da va ham luong
carotenoids tich lily & ca khoang c6 nemo. Sau
nghiém thic bd sung astaxanthin dugc thir
nghiém, gdm 0 (d6i chung), 50, 150, 250, 350
va 450 mg/kg thirc an. Mdi nghiém thuc duoc
thuc hién véi 3 lan lap trong thoi gian 75 ngay

Vao ngay cudi thi nghiém, toan bd sb ca
trong bé dugc thu dé do luong cac thong sb
mau sic da L a’ b, He, C*ab) va ham lugng
carotenoids tich lily (da va co thit) va so sanh
giita cac nghiém thirc thi nghiém. Viéc thu mau
céd dugc ap dung voi toan bo sb luong cé con
sdng ¢ thoi diém két thiic thi nghiém. Trude khi
thu mu, ca dugc bo doi 24 gio dé loai bo hét
phan, chét thai, va giy mé bang 0,05% EGME
(Ethylene Glycol Monophenyl Ether) trong
khoang thoi gian 15 - 20 gidy. Ca dugc thim
kho bang gidy vé sinh trudc khi tién hanh xéac
dinh céac thong s6 mau sic da. Sau do, cic mau
¢4 dugc bao quan & nhiét d6 am 80°C dé thuc

hién cic phan tich vé ham lugng carotenoids
tich Ity trong phong thi nghiém.

5. Phwong phap danh gia mau sic ca

Mau séc cta ca duge xac dinh thong qua hai
phuong phap gdom do mau tryc tiép trén da va
phan tich ham lugng carotenoids tong sb tich
lity trong co thé ca.

5.1. Cwong d mau sic da cd

Toan bo ca tai thoi diém két thuc thi nghiém
dugc do mau bang may do k¥ thuat s6 CR-400
(Konica, Japan). Ca dugc do mau 0 ca hai bén
than, tal vi tri giita vay lung mém va vay hau
mon tiép giap véi dai gilra mau trang clia ca.
Mdi vi tri duoc do ba lan dé xdc dinh gid tri
trung binh gdm L, a" va b’ cia mdi ca thé. May
do CR — 400 du:oc thiét lap dé thuc h1¢n cac
phép do mau tuyét dbi o ché dd do L", a”, va b
(CIE 1976) bang cach su dung den chiéu sang
D65 gan voi mot ong chiéu sang bang thiy tinh
(CR-A33F) két ndi véi may tinh. Phuong phap
do, ché do cai dat va diéu kién do duge thyc
hién theo hudng dan ciia nha san xuét.

Hé¢ thong do mau CR-400 dugc thiét
ké boi CUE (International Committee on
[llumination) st dung L & do do sang - b1,
voi pham vi tir ti (0) toi sang (100); ¢ dé do
cac sic t6 mau xanh 14 téi do, voi mau xanh la
cay () t6i mau do (a*); va b* dé do céc sic to
mau xanh duong téi vang, véi mau xanh duong
(b) t&1 mau vang (b*) [16].

Dé danh gia tac dong cua astaxanthin bd
sung 1én mau da cua ca khoang cb nemo, gia tri
mau sic tong thé trung binh (L*, a”, b° ) cuacd
nhom xtr Iy duoc so sanh véi nhom do6i chimg.
Dir lidu so sanh Ia sy khac biét vé mau sic tong
thé (AE"), xac dinh bai Uy ban Chiéu sang Quéc
té (CIE 1976), duoc ap dung rong rii trong cac
nghién ctru vé do luong va so sanh mau sic
thuc pham. Theo 4o, gi tri AE" giita nhom ci
dbi chimg (L', a"b") vanhomxurly (L)', a,’,
b,") duoc tinh theo Cong thire AE™ = [(L", - L")
+ @, - a )P+ (b, -b )2]”2 Bén canh do cac
thong s0 do luong mau sic khac gdm goc do
mau hay tong mau (hue angle, H° ) va dg bao
hoa hay d tinh khiét ciia mau (chroma c b)
ctia moi ca thé cling duoc sir dung dé danh gia
mau sic giita cac nghiém thirc. Cac gia tri He
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va C" | duoc xdc dinh theo cong thirc lan lugt 1a
He  =arctan (b"/a") va C* = (" +b™)"* [32].

5.2. Ham lwong carotenoids tich liy trong
co thé cd

Ham luong carotenoids tong sd trong co
thé ca (da va co thit) va ham luong astaxanthin
trong mau Copepoda va thirc dn sau khi ché
bién dugc x4c dinh biang may do quang phd
UV-Vis (UV-visible spectrophotometer) theo
phuong phap mo ta bori Ramamoorthy et al.
(2010) [26] cung mot s6 diéu chinh nho. Mot
cach ngan gon, cac mau thu thap phuc vu phan
tich gom: da (0,25 g/mau, dugc thu thap tir ca
hai bén than c4), co thit (0,25 g/miu, phin co
thit ca sau kh1 da tach da) va thue an (1,0 g/
mau). Cac mau duge nghién trong axeton (20
ml) c6 chua 1,5 g Na,SO, khan bang thiét bi
dong hoa mau (Ultra turrax IKA, Buc). Sau
d6, mau dugc loc bang gidy loc, va qua trinh
nay dugc lap lai 3 1an cho dén khi dich loc tré
nén khong mau. Dich loc sau d6 dugc ly tam
& téc do 6.000 vong/phut trong 7 phut dé thu
phan ndi ¢ phia trén va gitt & nhiét d6 4°C. Do
hap thu ctia dich chiét chira carotenoids duoc
do bang may do quang phd (Biochrom Ltd,
Cambrldge Anh). Két qua duoc biéu thi bang
s0 microgam carotenoids (hodc astaxanthin)
trén mot gam mau (ug/g) va duoc tinh bang
cong thtrc sau.

Ham lugng carotenoids tong sé (TAC)
(ug/g)=AxVxDx 104/(WXE )

Trong d6: A 1a do hép thu cua dung dich
& bude soéng 450 nm; V 1a tong thé tich cua
dich chiét (ml); D 1a ty 1¢ pha lodng; W 1a khoi
lugng ctia mau (g); va E,_ " 1a hé s6 sic to
quang cua dau (dung moi dau dau nanh co6 h¢
s0 E 1a 2.145).

Ham luong astaxanthin trong mau Copepoda
(Muc I1.1) va méu thirc an sau khi ché bién
(Bang 1) cling dugc xac dinh theo cong thutic
trén, tuy nhién, do hép thu (A) cia dung dich
chura astaxanthin dugc do 6 budc song 487 nm.

6. Phuong phap xir 1y s6 liéu

S6 lidu sau khi thu dugc tinh toan trén
phan mém Microsoft Excel 2021. Trudc khi
phan tich thong ké, dit lidu dugc kiém tra phan
phdi chuan va tinh dong nhat phuong sai trén
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phan mém SPSS 22.0. Tiép theo, phuong phap
phan tich phuong sai mot yéu t& (oneway —
ANOVA) va phép kiém dinh Duncan duoc sir
dung dé phan tich, so sanh két qua trung binh
giita cac nghiém thic. Su khac biét thong ké
dugc xac dinh & mirc y nghia P < 0,05. Dir ligu
duoc trinh bay du6i dang Trung binh + Sai s6
chuin (SE).

II1. KET QUA

1. Két qua

1.1. Mau séc da cd

1.1.1. Chzde a*vab”

Céc thong sb do lucmg mau sic da ca khoang
¢b nemo & cac murc bd sung astaxanthin khac
nhau dugc minh hoa trén Hinh 1. Nhin chung,
ham luong astaxanthin bo sung vao thic an c6
tac dong dang ké 1én mau sic da c4, cu thé nhu
sau:

Chi tiéu a* (xanh la — do):

Két qua cho thiy gia tri a* & cic nghiém
thirc bd sung tang ty 1& thuan véi ham luong
astaxanthin trong thirc an, va déu cao hon so
v6i nghiém thire d6i ching (Hinh 1B). Gia a*
cao nhét dat dugc & muc bo sung 450 mg/kg
thie an (19,06 £ 0,79), tiép theo 1a mirc bd
sung 350 va 250 mg/kg (1an luot 1a 17,09 +
0,52 va 15,49 + 0,39), va thdp nhat & nghiém
thirc dbi chung (9,03 + 0,20; P < 0,05; Hinh
1B). Viéc bd sung astaxanthin & muc cao nhit,
450 mg/kg thirc an, di ting cuong mau sic cam
—do ctiada calén téi 111% so voi nghiém thire
d6i ching.

Chi tiéu b* (xanh duong - vang):

Gia tri b dat dugc cling c6 sy gia ting tuyén
tinh véi ham luong astaxanthin bd sung vao
thirc an. Trong d6, cc gia tri cao nhit cling dat
dugc & cac mire bd sung tir 250 — 450 mg/kg
thiic an (dao dong tir 28,26 — 30,94) trong khi
gia tri & nghiém thirc ddi chimg chi dat 22,31
(P <0,05). Mirc dg cai thién mau vang trén da
¢4 & nhoém bd sung 250 — 450 mg/kg dugc woc
tinh cao hon 26,7 — 38,7% so v6i ddi ching (P
<0,05; Hinh 1C).

Chi tiéu L* (t6i - sang):

Gia tri L* thu dugc cho thidy xu hudng
khac v6i gia tri a* va b*. Nhin chung, gia tri
L* ¢6 xu hudng giam dan ciung v6i muc ting
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Hinh 1. Chi s6 L (A), chi s6 a* (B), va chi s6 b* (C) ciia ca khoang c6 nemo dwgrc cho in thirc in cé
ham luwgng astaxanthin khac nhau.
Cac ky tw chir cdi khac nhau trén cdc cot thé hién sw khac biét co y nghia thong ké (P < 0,05).

ctia ham luong astaxanthin bd sung. Gia trji L*
ctia nghiém thte di chimg va nghiém thic bd
sung 50 mg/kg thirc an dat cao nhat (lan luot
13 45,96 + 0,66 va 45,34 + 0,20), tiép theo la
cac mirc bd sung 150 — 250 mg/kg (tir 44,06 —
44.72) va thip nhit & nghiém thirc 350 — 450
mg/kg thirc an (tr 42,81 — 43,41; P < 0,05;
Hinh 1A). Piéu nay cho thiy rang viéc ting
ham lugng astaxanthin bd sung vao thirc an
cho ca mot mat giup tang mau do - vang nhung
mit khac lai 1am da c4 tré nén t6i mau hon so
v6i dbi chimg.

1.1.2. Chi s6 Hue, Chroma va khac biét mau
sac

Céc gia tri do luong mau sic con lai gdm
Hue, Chroma va su khac biét mau (AE") cling
thé hién sy khac biét giira cic nghiém thirc thi
nghiém (Hinh 2).

Nhin chung, gia tri tong mau (H°,) c6 xu
huong gidm dan trong khi do bao hoa mau
(C°,) lai ting dan cung véi mic ting ctia ham

luong astaxanthip bd sung. Cu thé, gia tri H‘,’ab
dat dugc cao nhat ¢ doi chung trong khi thap
nhat & cac mirc bo sung 250 — 450 mg/kg thirc
an (1an luot 12 67,0 so véi 58,36 — 61,25) (P <
0,05; Hinh 2A). Nguoc lai, gié tri C’, dat cao
nhat & nghiém thic bo sung 350 — 450 mg/kg
thirc an va thip nhat ¢ nghiém thirc dbi chimg
(lan luot 1a 33,63 — 36,34 so véi 24,07) (P <
0,05; Hinh 2B).

Gia tri AE", thude do su khac biét vé mau
sic giita nghiém thic bd sung va ddi ching,
ciing cho thiy su khac biét dang ké. Ham luong
astaxanthin bd sung cang ting, sy khac biét
mau sic tong thé cua da ca so voi ddi chung
cang 1 rét. Gia tri AE" dat dugc cao nhat ¢
nghiém thirc 450 mg/kg trong khi thip nhat
& mirc bd sung 50 mg/kg thie in, lan luot 1a
15,00 + 1,29 so véi 5,51 0,82 (P < 0,05; Hinh
2C).

Tém lai, su két hop gitra cac chi tiéu do
ludng mau sic da ca, bao gom L", a*, b", H
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nemo dwoc cho an thire n c6 ham lugng astaxanthin khac nhau.
Cdc ky tw chit cdi khdc nhau trén cdc cot thé hién s khdc biét ¢é ¥ nghia thong ké (P < 0,05).

C", va AE’, da cho thiy tac dong tich cuc cua
V1ec bd sung astaxanthin vao ché do cho an dbi
VOl sy tang cuong mau sic da cua ca khoang
¢6 nemo. Trong d6, hiéu suit mau sic gia tang
ty 1¢ thudn véi ham lugng astaxanthin bd sung,
va gia tri tdt nhat duoc xéac dinh & muc bd sung
450 mg/kg thic an. Piéu nay da khiang dinh
tiém ning cua ngudn astaxanthin tach chiét tur
Copepoda trong viéc cai thién mau sic ¢ loai
ca canh bién nay.

1.2. Ham lwong carotenoids tong so tich
lay

1.2.1. Trén da

Ham lugng carotenoids téng so tich iy trén
da ca khoang c6 nemo & cac ché do cho an khac
nhau dugc minh hoa trén Hinh 3A. Két qua cho
thiy ham lugng carotenoids co su gia ting ty 18
thuén v6i ham lugng astaxanthin b sung. Céac
gi4 tri cao nhit cing dat duoc ¢ mirc bd sung
350 — 450 mg/kg thuc an (106,26 — 117,70
ng/g), tiép theo 1a cac mirc 150 — 250 mg/kg
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(78,52 — 87,31 pg/g) va thap nhat & nghiém
thae ddi chung (31,87 pg/g; P < 0,05; Hinh
3A). Pang chu y, ham luong carotenoids tong
s tich lity trén da ca & mirc bo sung 450 mg/
kg thtrc an duoc xac dinh la cao hon 2,7 l4n so
v6i ddi chimg.

1.2.2. Trong co thit ca

Xu hudng twong tu cling dugc ghi nhan voi
ham lugng carotenoids tich lily trong co thit
ca. Két qua cho thiy lugng carotenoids tich liy
trong co thit cling tang tuyén tinh véi cac mirc
astaxanthin bd sung. Gia tri lon nhét dat dugc
& mirc bd sung 350 - 450 mg/kg thtrc an 1a 6,89
— 7,60 ng/g trong khi gia tri thap nhat duoc tim
thdy ¢ nghiém thirc ddi ching chi 3,56 pg/g (P
< 0,05; Hinh 3B). Ham lugng carotenoids tich
lily trong co thit ca & mirc b sung 450 mg/kg
cao hon 1,4 1an so v6i dbi chimg.

Tir céc phén tich & trén, c6 thé thiy rang
viéc bd sung astaxanthin vao thirc dn di dan
dén sy tang cuong ham lugng carotenoids tong
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Hinh 3. Ham lwgng carotenoids tong sb (ng/g) tich liiy trén da (A) va trong co thit (B) ciia ca khoang ¢
nemo dwgc cho an thirc dn c6 ham lwgng astaxanthin khac nhau.
Cdc ky tw chir cai khdc nhau trén cac cot thé hién sy khac biét co y nghia thong ké (P < 0.05).

sd tich lity trén da va trong co thit c4. Pong
thoi, c6 thé nhan thdy ngudn astaxanthin tir
thirc n vao co thé ca chu yéu duoc tich liy
trén da, dao dong tir 57,21 — 117,70 pg/g trong
khi con sb nay & hai bo phan con lai dao dong
lan luogt tir 4,42 — 7,60 pg/g va 16,62 — 32,16
ng/g. Trong pham vi duge khao sat, mirc bo
sung tur 350 mg/kg thuc an la phu hop voi ca
khoang ¢ nemo.

2. Thao ludn

Muc tiéu cua viéc bd sung carotenoids
vao khiu phan an 1a ting cudng mau sic cua
ca tuong tu hodc tdt hon so vai nguén khai
thac tir ty nhién nhdm théa man nhu cau thi
truong. Boi kha ning han ché trong cam thu
mau sic cuia mét ngudi, nhidu phuong phap do
mau truc tiép va gian tiép dugc str dung dé dé
danh gia hiéu qua 1én mau. Phan tich so mau
bang may do mau hodc may do quang pho la
phuong phap tiéu chuan dé danh gia mau da
¢4 ciing nhu do ludng mau sic thuc pham mot
cach khach quan [32]. Phuong phéap nay cung
cép dir liéu mau theo cac gia tri trong khong
gian mau CIE L"a’b" hodc L'C*h". Trong do, L”
biéu thi 6 sang — tdi, ¢” biéu thi truc xanh 14
céy do, b* biéu thi truc xanh duong — vang,

the hi¢n goc do mau hay tong mau, C*

the h1en d6 bdo hoa mau hay do tinh khiét cua
mau, va AE" chi su khac biét tong thé mau sic
gitia hai ddi tuong duoc so sanh [16]. Bén canh
d6, ham luong carotenoids tong s6 tich lity, bao
gdm trén da, trong co thit, trimg, hay toan than

cling la nhitng chi tiéu quan trong danh gla kha
nang tiéu hoa, hap thu va tich lity ctia cac sic to
bd sung trong co thé ca [14]. Trong nghién ctru
nay, viéc bd sung ngudn astaxanthin tach chiét
tir Copepoda di cai thién rd rét mau sic cta
ca khoang c6 nemo, ca mau da (a”, b", H,

C" ) va ham lugng carotenoids tich lay trong
co the (Hinh 1, 2 va 3). Cac gia tri toi uu clia ca
hai nhom chi ti€u nay nhin chung déu dat dugc
& murc bd sung tir 350 — 450 mg/kg thirc in va
giira ching khong c6 su khac biét dang ké (P>
0,05), ngoai trir chi s6 a" (P < 0,05; Hinh 1B).
Tuy nhién, boi mau da, dac biét 1a mau do (do
16n cua gia tri a%), la tiéu chi quan trong nhit
trong danh gia mau sic ciia ca khoang c6 nemo
nén ham luong bd sung & mirc 450 mg/kg thirc
an duoc xac dinh 1a phu hop nhat.

Céc nghién ctru trude day cling ghi nhan
tac dong tich cuc cua viéc bod sung astaxanthin,
ca ty nhién va nhan tao, dbi véi mau sic cia
ca khoang c¢6 nemo. Chi sb a” trong nghién
ctru nay dat 19,06 + 0,79, cao hon so véi két
qua tor mot sb bao céo trude, nhu 11,47 +
0,73 khi bd sung nhya dau 6t & mirc 20 g/kg
[13], hay 16,18 + 0,59 khi duoc bd sung bot
khoai lang nghé 250 g/kg [24]. Bang cach bd
sung astaxanthin ty nhién, Diaz-Jiménez et al.
(2021) cling thu duogc gia tri a” cao, dao dong
tir 34 — 41 [12]. Piéu nay cho thay hiéu qua cai
thién mau sic (cam — do, gia tri a") trén da ca
khoang ¢ nemo co sy khac nhau theo ngudn
carotenoids sir dung, ham lugng va thoi gian
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bd sung, kich ¢d ca cling nhu cac diéu kién
nudi khac [12, 15, 37]. Pdng thoi, kha ning
cai thién mau sic & loai ca nay cling dat duoc
t6t hon khi sir dung astaxanthin so véi céc
ngudn carotenoids khac. Pidu nay da dugc bao
céo trong mot s6 nghién ctru trude day khi so
sanh hi¢u qua cta astaxanthin voi B-caroten va
canthaxanthin [37], astaxanthin v&i lutein [12],
hay astaxanthin véi zeaxanthin [30]. Trén mot
sO loai ca khac, astaxanthin ciing duoc chimg
minh 13 ¢6 kha nang chuyén héa va tich lity hiéu
qua hon cac carotenoids khac giup ting cuong
mau sic ciing nhu ham lugng carotenoids tich
lily ca trong da, co thit, trmg va toan than [14,
19, 34].

Pang chu y, trong nghién ctu hién tai, o
hau hét cac chi tiéu danh gia, két qua c6 xu
hudng cao hon cung voi mic ting ciia ham
luong astaxanthin bd sung vao thic n, nhit 1a
chi tiéu a". Tuy nhién, viéc chua xac dinh dugc
mirc b6 sung ma & d6 cac chi tidu do luong ké
trén ¢6 xu hudng giam 1a han ché trong nghién
ctru hién tai, va pham vi khao sat 0 — 450 mg/
kg thirc an c6 thé 1a chua du rong dé danh gia
tac dong day du cua astaxanthin 1én mau sic
ctia ¢4 khoang ¢6 nemo. Cac nghién ctru trude
day ciing trén loai ca nay cho thiy ham lugng
khao sat dao dong kha 16n, tir 20 — 15.000 mg/
kg thire an, tiry theo ngudn carotenoids sir dung
[12, 14, 29]. Trong d6, mot ) nghién ctru nhan
thdy viéc ting cao ham luong carotenoids bo
sung, & mot mirc nao do, khong gitip cai thién,
tham chi con lam giam hiéu qua tang cuong
mau sic ¢ loai ca nay. Diaz-Jiménez et al.
(2021) bao cao rang gia tri ¢’ va ham lugng
carotenoids tich iy cta ca c6 xu hudng giam
cung vdi sy tang 1€n clia cac muc astaxanthin
bd sung. Cu thé, trong pham vi tir 5 — 15 g/kg
thirc an, hai chi s ké trén giam lan luot tir 41
xudng 34, va tir 15 xudng 9 pg/g [12]. Quan
sat twong tu ciing dugc ghi nhan trén ca hoi
van Oncorhynchus mykiss khi b6 sung tao xoan
Spirulina platensis & mtc 2,5% so voi 10%
[31]. Su du thira astaxanthin trong khau phan
an dugc cho 1a ¢ thé anh huong ti€u cuc dén
qua trinh trao dbi chat din dén giam hiéu qua
cai thién mau sic ¢ ca, dong thoi, ting cuong
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dao thai lugng khong duoc hip thu ra méi
truong [12].

Tac dong cia viéc bd sung astaxanthin
vao khau phan an 1én chi sé b* & c4 khoang cb
nemo ciing tuong tu nhu chi sé «”, tuy nhién,
chi s6 d6 sang L’ lai cho thdy xu huéng nguoc
lai. Theo d06, gia tri ctia L* c6 khuynh hudng
giam déan twong g v6i cac mic tang cua ham
luong astaxanthin b6 sung, cao nhat & mtrc 0 —
50 mg/kg va thap nhat & mirc 350 — 450 mg/kg
thirc an (Hinh 1A). Piéu nay cho thay rang su
ling dong astaxanthin, bén canh ting mau do
va vang, lai [am giam d¢ sang cua da ca. Mot
so nghlen clru trudc day cling timg dé cap dén
van dé nay. Cu thé, viéc bd sung carotenoids
gitp tang mau dé va vang nhung lai gy tac
dung phu lam t6i mau da & céc loai ca vet do
Vieja melanurus @ x Amphilophus citrinellus
&, ca dia Symphysodon spp., ca trap do Pagrus
pagrus va ca hdi van Oncorhynchus mykiss
[18, 23, 29, 38] Nhu viy, c6 thé thay rang van
con nhiéu van dé can lam rd lién quan dén tac
dong clia astaxanthin bd sung 1én ca khoang
¢ nemo, tip trung vao cac co ché chuyén hoa,
hép thu, dic biét 1a con dudng chuyén hoa tir
astaxanthin bo sung thanh céc san pham trung
gian nhu zeaxanthin va canthaxanthin tich Iy
trong co thé loai ca nay. Bén canh do, véi vi tri
14 mot trong nhimng chit chong oxy hoa manh
nhit trong ty nhién [14], cac nghién ciru tiép
theo nén nhan manh tac dong cua viéc bd sung
sdc t nay lén cac nhém enzyme chuyén hoa,
enzyme chdng oxy héa, enzyme lién quan dén
phan tmg mién dich va chong cing thing &
loai ca nay. Pong thoi, nhu di phan tich & trén,
pham vi nghién ctru ciing can dugc mo rong, tir
500 mg/kg thirc an trd 1én, nham danh gia day
du tac dong cua astaxanthin bd sung vao khau
phan an 1én hiéu qua cai thién mau sic ¢ loai ca
canh bién rat duoc wa chugng nay.

IV. KET LUAN VA KIEN NGHI

Viéc bd sung astaxanthin tich chiét tir
Copepoda, loai Pseudodiaptomus annandalei,
vao thirc dn d3 cai thién mau sic cta ca khoang
¢6 nemo san xuit nhan tao. Nhin chung, ca chi
s6 a" (chi s thé hién mau do) va ham luong
carotenoids tich liiy trén da c4 déu ting ty 18
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thudn véi ham lugng astaxanthin bd sung.
Trong d6, cac gia tri tot nhat cta ca hai chi tiéu
nay déu dat dwoc ¢ muc bd sung 450 mg/kg
thie dn, cao hon 1an luot 1a 111% va 270% so
v6i d6i ching.

Céc nghién ciru tiép theo nén khao sat tac
dong ctia ham luong astaxanthin bd sung &
pham vi rdng hon, tir 0 — 1.000 mg/kg thirc an,
nham xac dinh duge diém tdi wu. Bén canh do,
céc chi tiéu danh gia hiéu qua ciia viéc bd sung
astaxanthin d6i voi sirc khoe tong thé cua loai

c4 ndy ciing can thiét duoc dé cap.
Loi cAm on

Bai bao dugc tai trg kinh phi thong qua
dé tai nghién cru KH&CN cap Bo Giao duc
va Pao tao (Ma s6 B2022-TSN-08). Nhom
tac gia xin giri 10i cam on sdu sic dén Bo
GD&DT, Truong Dai hoc Nha Trang va Trai
san xut giéng c4 canh bién Vinh Hoa di hd
trg kinh phi, thoi gian va co s& vat chit cho
nghién ctru nay.
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