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LOI CAM DOAN

T6i xin cam doan ddy 1a cong trinh nghién ctiu cua t6i. Cac két qua nghién ctu
chinh trong luan an nay la thanh qua tir mét s dé tai nghién ciru khoa hoc va céng nghé
cac cap, bao gom: (1) Dé tai nghién cu KH &CN cip Bo Giéo duc va DPao tao B2022
— TSN — 08: “Ung dung mét sé nguon carotenoids tz nhién cdi thién sdc té ca khoang
co nemo Amphiprion ocellaris Cuvier, 1830” do ThS. Lwong Thi Hau chi nhiém, tdi 1a
thanh vién chinh thuc hién phan 16n cac noi dung nghién ciru cua dé tai; (2) Bé tai nghién
ctru KH&CN cép Truong Dai hoc Nha Trang TR2023 — 13 - 09: “Bdnh gid anh hwéng
cua viéc bo sung astaxanthin chiét xuat tir vé tdm 1én chdt lirong céa khoang cé nemo
(Amphiprion ocellaris Cuvier, 1830)” do TS. Poan Xuan Nam chu nhiém, ti la thanh
vién chinh thyc hién phan 16n cac ndi dung nghién ctu cua dé tai; (3) Dé tai NCKH cua
sinh vién SV2021-13-09: “Anh huong ciia mau bé 1én sinh truong, ty I1é séng va mau
sdc cua cé khoang cé nemo (Amphiprion ocellaris Cuvier, 1830)” do SV Nguyén Hitu
Khang (60 NTTS - 2) chu nhiém, t6i 1a nguoi dinh hudng nghién cau va la giang vién
huéng dan; (4) Bé tai NCKH caa sinh vién SV2021-13-10: “Anh hweng ciia dé man 1én
sinh treeng, ty 1é song va mau sac cia ca khoang cé nemo (Amphiprion ocellaris Cuvier,
1830)” do SV V6 Duy Quang (60 NTTS - 2) chu nhiém, t6i la ngudi dinh hudng nghién
ctru va la giang vién huéng dan.

T6i duoc cac chi nhiém deé tai cho phép sir dung toan bo cac két qua nghién ctu
c6 lién quan cho luan &n tién si ctia minh. T6i xin cam doan cac két qua, sé liéu trong
luan an 1 trung thuc, da dugc xir ly thong ké, dam bao d6 tin cay va khong trang lap.
M6t sb noi dung cua luan an da dugc céng bé trén céc tap chi khoa hoc chuyén nganh
trong va ngoai nudc (chi tiét trong danh muc céng trinh di céng bé). Cac ngudn tham
khao duoc trich din day da va rd rang theo quy dinh trong chuong trinh dao tao tién si

cua Truong Pai hoc Nha Trang.

Khanh Hoa, ngay 06 thang 01 nam 2025

Nghién ctru sinh
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LOI CAM ON

Pé hoan thanh chuong trinh dao tao tién si va luan an nay, t61 da nhan dugc su
hd tro quy bau caa nhidu co quan/td chirc va ca nhan. Qua day, toi xin dugc bay t6 long

biét on sau sic, 161 cam on chan thanh dén;

GS. TS. Pham Quéc Hung (Trudong Pai hoc Nha Trang) va PGS. TS. Hua Thai
Nhén (Truong Dai hoc Can Tho), hai giang vién huéng dan, da tan tinh chi bao, dan dat
t61 trén con duong khoa hoc, ludn déng vién va tao diéu kién tot nhat cho toi trong suét
qua trinh dinh hudng/trién khai nghién ciru, hoan thanh luan an va cdng bd bai bao trén

cac tap chi chuyén nganh trong va ngoai nudc.

Ban Giam hiéu, Vién Nudi trong Thay san, Phong Pao tao Sau Pai hoc, Phong
Khoa hoc va Céng nghé, Trung tdm Thi nghiém — Thuc hanh Truong Pai hoc Nha
Trang, va Trai san xuat giébng Ca canh bién Vinh Hoa da tao diéu kién cho toi dugc

nghién ctu, thuc hién thi nghiém va hoan thién cac noi dung nghién curu cia minh.

Bo Gido duc va Pao tao, Truong Pai hoc Nha Trang, Quy Boi méi sang tao
Vingroup (VinIF) — Vién Nghién ctru Dit liéu I6n — Tap doan VINGROUP da hé trg
kinh phi nghién ciru thong qua cac dé tai, du an cac cap, va hoc béng dao tao tién si
trong nudc, tao didu kién thuan lgi dé i trién khai cac noi dung/thi nghiém, dong thoi,

nang cao chit lugng nghién ciru va cdng bb khoa hoc.

TS. Ping Trung Thanh, ThS. L& Thién Sa (Khoa Cong nghé Thyc pham), TS.
Tran Ngoc Lé (Trung tim Thi Nghiém — Thuc hanh), va GS. TS. Augustine Arukwe
(Pai hoc Khoa hoc va Cong nghé Nauy), bén canh giang vién huéng dan, da ho tro tan
tinh trong viéc phan tich vé sic t6, sinh héa va enzyme trong phong thi nghiém,

viét/chinh stra ban thao va dang bai bao trén cac tap chi uy tin trong va ngoai nudc.

ThS. Luong Thi Hau, TS. Poan Xuan Nam, SV. Nguyén Hitu Khang, va SV. V&
Duy Quang d3 ho tro tich cuc trong qua trinh thuc hién cac thi nghiém lién quan, va cho
phép t6i sir dung cac dit liéu caa ho phuc vu cho viéc hoan thanh luan an caa minh.

Trai san xuat gidng ca canh bién Vinh Hoa, c4 nhan ¢6 Nguyén Thi Kim Bich,
em Nguyén Thi Nhat Anh (58 CNSH), em Duong Nguyén Hoang (60 NTTS), em Pham
Thi My Toan (59 CNTP), em Nguyén Puc Khanh Duong (63 NTTS) va cic em sinh



vién tham gia hoc tap, nghién ctu va san xuat tai trai ca da tan tinh hd tro ngudn ca
giéng, co s& vat chat, gilip t6i cham soc ca, thu mau, phan tich mau trong phong thi
nghiém va nhiéu hoat dong khac trong qué trinh thuc hién cac dé tai nghién cau va luan
an cua minh.

Cac thay cd, ban be, dong nghiép tai Vién Nudi tréng Thay san, Trudng Dai hoc
Nha Trang da nhiét tinh giang day, hd tro chuyén mon, dong vién va ang ho toi trong

suét thoi gian 1am viéc, hoc tap va nghién ctiu tai Truong Pai hoc Nha Trang.

Cubi ciing, toi xin bay to 10i cam on sdu sac téi gia dinh, cha me, vo L& Thi Tra
My, con géi Tran Lé Diéu Khanh (bé nemo), va moi nguoi than ludn bén canh, tin tudng,
dong vién, ung ho toi ca vé vat chat, tinh than, danh thai gian tao diéu kién cho toi dé
ti chuyén tam hoc tap, nghién cau, va hoan thanh chuong trinh dao tao tién si cing luan
an nay.
Khanh Hoa, ngay 06 thang 01 nam 2025

Nghién ctu sinh
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MO PAU

Nghé nuéi thuy sinh vat canh, dic biét 1a ca canh bién, ngay cang thu hat dugc
sy quan tdm caa ngudi nudi, cac nha nghién ciru va cac to chire bao ton [40]. Ca khoang
cd nemo la mot trong nhiing loai ca canh bién phé bién nhit va tra thanh loai ca biéu
tugng trong nghé nudi ca canh bién, dic biét 1a sau khi bo phim hoat hinh "Finding
Nemo" dugc cdng chiéu vao nam 2004 [110]. Loai ¢4 nay dugc ngudi nudi rat ua
chudng, khdng chi & Viét Nam ma con trén toan thé gidi, nhd mau sic dep, tap tinh séng
cong sinh doc dao véi hai quy, kha ning thich nghi cao véi diéu kién nuéi, va da duoc
san xuit giéng nhan tao thanh cdng [6]. Tuy nhién, mot trong nhing thach thire 16n d6i
v&i nghé nudi ca canh bién hién nay 13 mau sic cua ca trong diéu kién nudi thuong kém
sac s& hon nhiéu so véi ca khai thac tir ty nhién [109]. Mic du da c6 mot s6 thanh cong
bude dau trong viéc san xuat con giéng nhan tao, nhung mau sac kém sic s&, nhot nhat
va toi sam van 1a nguy@n nhan 1am giam gia tri, nhu cau thi truong va gia ting tro lai p
luc khai thac 1én nguén ca ran tu nhién, gay can kiét ngu6n lgi va pha hay hé sinh thai
ran san ho [40, 156]. Do d6, viéc nghién ctu cai thién mau siac caa ca khoang ¢ nudi la
hét sirc can thiét va c6 ¥ nghia quan trong vé mat khoa hoc cling nhu thuc tién.

Céc nghién ctiu cai thién mau sac cia ca noi chung da duoc thuc hién théng qua
cac giai phap cai tién di truyén, bo sung dinh dudng va thay d6i diéu kién méi truong
[109, 119, 205]. Trong d6, bé sung dinh dudng, cu thé 1a cac sic té thuoc nhom
carotenoids, c6 nhiéu loi thé va dang dugc tng dung phé bién [60, 109, 172]. Tuy nhién,
ngudn carotenoids dang duoc sir dung chi yéu 1a cac hop chat tong hop, vai su chiém
vu thé cua astaxanthin téng hop (astaxanthin TH), vén ton tai nhiéu nhugc diém nhu
kha dung sinh hoc (bao gém tiéu hoa, hap thu va hoat tinh sinh hoc) thap, thiéu cac hop
chat c6 loi khac (nhu lutein, p-carotene...), tiém an nguy co giy suy giam chat lugng
nudc va bi han ché sir dung trong mot sé trudng hop [60, 109, 115]. Do dé, viéc nghién
ctru va sir dung cac ngudn carotenoids ty nhién sin c6, gia ré va than thién véi moi
truong dé cai thién mau cé 1a mot hudng tiép can tich cuc, hiéu qua va bén viing [60,
172]. V&i vi tri dia ly thuan loi thudc khu vuc nhiét d6i, Viét Nam ¢ nguon nguyén liéu
doi dao, trong d6 nhiéu loai chtra ham luong carotenoids cao, dic biét Ia gac, 6t chudng,
copepoda, vo tdm... [3, 56, 153]. Tuy nhién, cho dén nay, van chua c6 nhiéu nghién ctu
vé tng dung c4c nguodn carotenoids nay dé cai thién mau sic caa ca khoang cd nemo noi
riéng va ca canh bién noi chung tai Viét Nam. Vi vay, luan an ndy nham muc dich danh
gia tiém nang sir dung nhiing nguyén liéu san co tai dia phuong lam ngudn carotenoids
tu nhién dé cai thién mau sac cua ca khoang c6 nemo nudi, gép phan nang cao gia tri
thuong pham va giai quyét nhitng thach thic cho nghé nudi ca canh bién bén viing.

Mbt s6 nghién ctru bude dau ing dung ngudn carotenoids tu nhién tir ca rét, khoai
lang, cu dén, 6t, hoa, vi tao... dé cai thién mau da, thit va trimg c4 néi chung da thu duoc
nhitng két qua tich cuc [60, 109]. Tuy nhién, hau hét cac nghién ctru nay déu bo sung
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ngudn carotenoids dudi dang bot thd nguyén liéu, von chiém tir 15 — 35% tong luong
thire an [98, 137, 195]. Phuong phap bo sung nay ton tai nhiéu nhuoc diém nhu kho
thuc hién, 1am giam chat luong thic an, hiéu qua tiéu hda/hap thu thap, va tiém an nguy
co giy suy giam chét lwong nudce [57, 195]. Pang cha y, phuong phap bd sung nay
khong thé &p dung véi cac ngudn nguyén liéu c6 ham luong carotenoids thap, vi du vo
tom, do luong bot thd nguyén liéu chia carotenoids cé thé vuot qué tong khéi luong
thire an thanh pham [195]. Do d6, viéc nghién ciru chiét xuat ngudn carotenoids dudi
dang tinh chat dé b sung vao thirc an s& ¢6 nhidu vu diém vuot troi nhu ham luong thap
(0,1 — 2,0%), tién lgi trong sir dung va bao quan, dé& tiéu hda va hap thu [57, 195]. Mic
di cdng nghé chiét xuat cac hop chét cd hoat tinh sinh hoc cao, bao gom carotenoids,
dd dugc tng dung rong réi trong nhiéu linh vuc nhu y duoc, thuc pham va chin nuéi,
song ung dung caa nod trong nudi trdng thuy san van con rat han ché.

Bén canh dinh dudng, viéc cai thién mau sic ca théng qua thay d6i cac yéu td
mdi truong va sinh thai cling 13 mot hudng di tich cuc va hiéu qua [109]. Cho dén nay,
nhiéu nghién ctru da dugc thyc hién nham danh gia anh huong caa cac yéu td moi truong
nhu mau sic thanh bé, nén day, mau nuéc hay anh sang 1én mau sac cua cac déi tuong
thay san nudi [109, 128, 205]. Két qua cho thdy mau sic méi trudng nudi ¢d anh hudng
dang ké dén cac chi tiéu tiang truong, ty 1¢ séng, hiéu qua st dung thirc dn, mau sic va
mot s6 thong sé sirc khoe caia nhiéu loai ca. Mai truong nudi khdng phi hop ciing 1a
mét trong nhitng nguyén nhan anh huong tiéu cuc dén chat luwong mau sic cua cé, qua
d6, lam giam gia tri va kha nang tiéu thy san pham [128, 138]. Mic di vay, cac nghién
ctru Vé anh hudng cua mau sac hé thong nudi dén ca canh bién van con han ché, khong
chi vé sb lwong cong trinh nghién ctu ma con vé céac chi tiéu danh gia dugc st dung.
Hon nita, sy da dang v& mau sic caa ran san hd cuing voi ¢6 man cao va 6n dinh trong
tu nhién duogc cho 1a nhitng nhan té quan trong gilp ca sdng trong mdi truong tu nhién
dat duoc mau sic dep hon so v6i ca dugc nudi nhan tao [40, 109]. Do do, viéc xac dinh
mai trudng nudi phi hop, bao gom mau sic va &6 man, 1a rat can thiét nham gitp duy
tri va ting cudng mau sac cia ca canh khi nudi.

Mau sic cua ca, di sdng ngoai ty nhién hay trong diéu kién nuéi, déu chiu sy chi
phdi cua nhiéu nhan té nhu di truyén, méi trudng va dinh dudng [60, 109, 119, 205].
Trong khi giai phap vé cong nghé di truyén con nhiéu han ché, ton nhiéu thoi gian, doi
hoi trang thiét bi hién dai cling nhu ngudn nhan lyc trinh d6 cao [109, 119], viéc két hop
c4c giai phap bd sung dinh dudng va thay d6i méi truong lai 1a mot hudng tiép can tich
cuc, hiéu qua va dé ap dung [109], dic biét phi hop vai bbi canh nghé nudi trong thiy
san & nudce ta hién nay. Thdng qua cac thong sé ti wu dat dugc tir cac ndi dung/thi
nghiém caa luan an, chiing t6i da tng dung chlng vao thuc tién san xuat nhim nang cao
chat lugng ctia ngudn ca khoang c6 nemo nudi twong duwong hodc vuot troi hon so véi
ngudn cé khai thac tu nhién. Két qua nay khdng chi giip nang cao chat luong, gia tri va
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kha ning tiéu thy ctia nguon ca san xuat ma con gop phan giam ap luc khai thac Ién
ngudn loi c& ran tu nhién, bao vé da dang sinh hoc va hé sinh théi ran san ho, dac biét
trong bdi canh bién d6i khi hau, 6 nhiém moéi truong va khai thac khdng bén viing hién
nay. Xuit phét tir nhitg 1y do trén, dé tai luan an "Nghién cieu cdi thign mau séc cia
ca khoang cé nemo, (Amphiprion ocellaris Cuvier, 1830) trong diéu ki¢n nudi nhét"
da duoc thuc hién.

Muc tiéu cia dé tai:

Muc tiéu chung: Cai thién mau sic c& khoang ¢ nemo trong diéu kién nudi
nhét, dat chat lugng trong duong hodc vuot troi hon ngudn cé khai thac ty nhién, bang
cach két hop céc giai phap diéu chinh méi trudng nudi va bd sung sic td ¢ ngudn gbc
tu tu nhién.

Muc tiéu cu thé 1a (1) Xéac dinh dugc mau sic va d6 min méi trudng nudi thich
hop; (2) Xac dinh ché d6 b6 sung carotenoids thich hop (nguén, ham lugng va thoi gian);
va (3) Ung dung két hop cac thong sé thich hop nhat vé moi truong nudi va ché do bo
sung carotenoids nham cai thién mau sac ca khoang c6 nemo san xuat nhan tao.

Noi dung ciia dé tai: Dé dat duoc cac muc tiéu néu trén, dé tai tap trung vao 3
noi dung nghién ctru chinh sau day:
1. Panh gia anh huong ciia moi truong nudi (Mau bé va dé man) 1én mau sic ca
khoang c6 nemo.
2. Danh giad anh huong caa ché do bo sung carotenoids (ngudn, ham lwong va
thoi gian) 1én mau siac ca khoang c6 nemo.

3. Danh gia hiéu qua két hop cac yéu té moi truong nudi va ché do bo sung
carotenoids thich hop nham cai thién mau sic ca khoang c6 nemo san xuét
nhan tao.

Y nghia ciia d@ tai:

Y nghia khoa hoc: Két qua cua dé tai s& cung cap co s khoa hoc va thuc tién
quan trong vé tac dong cia cac yéu td moi trudng nudi va ché do bo sung dinh dudng
1én ting trudng, Mau sic va cac chi tiéu sinh ly, sinh héa khac cua ca khoang c6 nemo.
Pay sé& la ngudn tai liéu tham khao cd gia tri phuc vu cong tac giang day va nghién ctu
khoa hoc trong linh vuc thuy san trong va ngoai nudc.

Y nghia thuc tién: Viéc ung dung cac két qua nghién cau cua dé tai sé dong gop
quan trong vao viéc nang cao chat lugng, gia tri thwrong mai va kha niang canh tranh cua
ngudn ca khoang ¢ nemo san xuat nhan tao. Tir d6, thuc day su phat trién bén viing va
hiéu qua cia nghé nudi ca khoang ¢4 nemo néi riéng va ca canh bién noi chung, dong
thoi giam &p luc khai thac 18n ngudn loi tu nhién, gop phan bao tén da dang sinh hoc va
hé sinh théi ran san ho trong béi canh bién doi khi hau toan cau hién nay.
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CHUONG 1 - TONG QUAN
1.1. Téng quan vé nghé nudi ca canh bién
1.1.1. Lich s&# hinh thanh va phat trién

Sy quan tam dén cac loai thuy sinh vat va viéc luu gitr chiing duoc cho 1a bat dau
tir c4C Nén van minh c6 dai. Tir khoang nam 2000 trudc Cong nguyén, ngudi Assyria,
Ai Cap va Trung Qudc di nudi ca v6i muc dich duy tri ngudn thuc pham, phuc vu ly do
ton gido, va sau do ca con mang thém vai trd trang tri va biéu twong cua dia vi. Nguoi
La M4 giau cd tiép tuc xu huéng nay bang cach xay dung cac hd boi ven bién két hop
Vv6i tha nudi c& bién [37]. Nguoi Trung Quéc da tién phong trong thuong mai thuy sinh
vat canh khi ho xac dinh va thuan hda cac kiéu hinh doc dao, nhiéu mau sic caa ca chép
Va C4 vang, tir nam 265 dén 316 sau Cong nguyén, va xuit khau sang Nhat Ban vao

nhirg nim 1500 va chau Au vao nhiing nam 1700 [37].

Vao nhitng nim 1840, cac nha ty nhién hoc Anh bat dau thu thap va nudi gii cac
sinh vat bién dia phuong trong cac bé thuy tinh dé quan sat, dan dén sy ra doi cua trién
Im thiy cung cong cong dau tién tai London. Sy ma rong toan cau cia so thich nudi ca
canh nudc ngot da kich thich nhu cau vé nhiéu loi sinh vat la, thuc day sy gia ting sb
lugng céc loai thay sinh vat canh duoc thu thap va xuat khau tir Nam My va Nam A vao
nhitng nam 1800 - 1900 [206]. S& thich nay dan lan rong sang méi truong nudc man,
danh dau su khoi dau cua thuong mai thiy sinh vat canh bién, véi Sri Lanka tro thanh
dia diém thuong mai dau tién trén thé gisi tir nhimg nim 1930 dén 1950, sau d6 lan rong
sang Philippines va Hawaii vao nhitng nam 1950 - 1960 [40, 206]. Su phat trién cua
nghé nudi ca canh bién giai doan 1960 - 1970 duoc thuc day bai su ra doi cia mudi bién
nhan tao, cling vai nhiing tién b cdng nghé nhu loc nudce, chiéu sang, kiém soét nhiét
dd, phan tich cac théng sé ly, héa cia nudc va cac ki thuat cham soc, quan ly khéc.
Nhing yéu t6 nay da nang cao kha ning tiép can va su phd bién cua s¢ thich nubi ca
canh bién trong suét nhitg nam 1970 cho dén nay [30, 37, 156, 164].

1.1.2. Cic déi twong nudi chinh
Thuy sinh vat canh bién, bao gdm ca canh va cac nhom loai khac, 1a nhiing sinh

VAt nudC man noi bat véi mau sic dep, hinh thai doc ddo va da dang. Chung dugc nudi
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gitr 1am canh trong cac hé thong bé nhan tao & ca quy mo gia dinh va thuong mai, thuong
str dung c4c bé kinh, mica hay composite trong sudt dé thuan tién cho viéc trung bay va
quan sat. Ngoai yéu t6 tham my, phuong thtc song doc dao ctia mot sb loai ciing 1a tiéu
chi quan trong trong viéc lya chon ciia ngudi nudi. Cac loai thity sinh vat canh bién phé
bién bao gdbm c4, giap xac (tdm canh, cua canh), than mém (bach tudc, e, trai tai twong),
da gai (sao bién, cau gai), va rudt khoang (san hd, sira, hai quy). Tuy nhién, trong sé nay,
c4 van 1a ddi tuong duoc quan tim hon ca do sy da dang vé chung loai, mau sac, hinh
dang va hanh vi. Sy phong pht caa cac loai ca canh bién dong vai trd quan trong trong

Viéc tao ra cac hé sinh thai da dang va hap dan trong cac hé thong nudi va thay cung [40].

Theo cac nghién cuu, it nhat 338 loi c& canh bién thudc 37 ho da duoc ghi nhan va
sir dung trong nganh nudi ca canh, khdng bao gém cac loai dugc st dung lam thuc pham
[40]. Trong sé nay, ho Pomacentridae chiém sé lugng 16n nhat véi 59 loai, tiép theo I1a ho
Gobiidae va Syngnathidae, mdi ho c6 44 loai. Tuy nhién, chi khoang 40% s loai nay xuat
hién trén thi truong, va chi 18% thuong xuyén cd mat, chu yéu tap trung vao cac dai dién
thudc ho Blennidae (37%), Pomacentridae (27%) va Apogonidae (24%). Pang cha y, mot
s6 lodi trong cac ho nay duoc liét ké trong danh sach cac loai nguy cp hodc c6 nguy co
nguy cap cia Lién minh Bao ton Thién nhién Quéc té (IUCN), vi du nhu Labridae (13%),
Apogonidae (6%), Syngnathidae (23%), Gobiidae (5%) va Pomacentridae (3%). Tham chi,
mot s6 loai con dang d6i mat voi nguy co tuyét chiung, nhu ca Banggai (Pterapogon

kauderni) hay ca tang vang (Zebrasoma flavescens) [31, 156].
1.1.3. Tinh hinh san xudt, khai thac va tiéu th

Thuong mai ca canh bién khai ngudn tir nhitng nam 1930 tai Sri Lanka va phéat
trién manh mé tir ndm 1950 [37]. Tinh dén nim 2017, hon 48 quéc gia xuat khau va 38
qudc gia nhap khau ca canh bién. Uégc tinh sé luong c& canh bién giao dich trén toan cau
giai doan 2000 — 2010 vao khoang 26 - 35 triéu con [30]. M§, Chau Au va Nhat Ban la
nhitng thi truong nhap khau 16n nhat, trong khi Pong Nam A, dic biét 1a Philippines,
Indonesia va Sri Lanka dong gop 85% lugng xuat khau [30, 164]. Ca canh bién chi
chiém dudi 10% téng gia tri thuong mai toan cau caa nganh thay sinh vat canh, trong
d6 chi khoang 1% c6 ngudn géc tir sinh san nhan tao [40]. U6c tinh gia tri toan cau cua

nganh cong nghiép nay dao dong tir 15 - 20 ty d6 la mdi nam [30].
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Gan nhu tat ca cac loai thuy sinh vat canh bién (99%) duoc khai thac tu nhién,
van dé nay di va dang gay ra nhimg tac dong tiéu cuc dén méi truong va nguon loi [156,
206]. Viét Nam s& hitu tiém nang 16n dé phat trién nghé khai thac va nudi thay sinh vat
canh bién. Tuy nhién, ngudn cé& canh bién cung cip cho thi trudong hién nay hau nhu
duoc khai thac tir tu nhién véi san luong wéc tinh khoang 100.000 con/thang [6]. Moi
niam, Viét Nam xuit khau khoang 20 — 25 triéu ca canh, tuy nhién, ca canh bién chi
chiém dudi 10% [6]. San lwong cé& canh bién c6 xu hudng giam manh do nhiéu nguyén

nhan nhu khai thac bat hop phép, 6 nhidm méi truong va suy giam dién tich ran san hd.

Trong khi nghé nudi ca canh nuéc ngot da san xuat dugc hon 90% sb loi, nghé
nudi ca canh bién méi chi san xuat dugc khoang 10 - 15% sé loai thuong mai [40, 206].
Cac nghién cau vé sinh san nhan tao ca canh bién da tap trung chu yéu vao cac ho
Pomacentridae, Pseudochromidae, Syngnathidae va mot sé loai riéng Ié c6 gia tri [30,
40, 164]. Tai Viét Nam, nghién ctu sinh san nhan tao c& canh bién dugc khai xuéng tir
nam 2005 trén mot s6 lodi ca khoang cd, sau d6 mé rong sang cac loai khac nhu ca ngua,
c4 thia dong tién, c& ba chu... Tuy nhién, cac thanh céng dang ké méi chi dugc ghi nhan
& mot s6 loai ca khoang ¢6 va ca ngua [1, 5, 6, 9].

Viéc sinh san nhan tao cac loai c4 dé trang trdi ndi nhu ca buém, ca bac si dbi
mat véi nhiéu kho khan hon so véi cac loai ca dé trang dinh [40]. Viéc ap dung cac bién
phap nhu thiét ké hé théng nudi phi hop, kich thich sinh san bang hormone va thu tinh
nhan tao 1a can thiét dé cai thién hiéu qua sinh san & nhdm ca nay. Bén canh do, su két
hop cua cac loai thire dn séng cling vai qué trinh ti vu hoa ché d6 nudi da giup cai thién
dang ké ty 1¢ séng va chat luong ca gidng [44]. Viéc &p dung cac ky thuat tién tién vé di
truyén phan tir cling dang mé ra trién vong mai cho nghé nudi ca canh bién, tuy nhién
viéc nay can phai duoc can nhic ki ludng vé cac khia canh phap 1y, dao duc va rii ro
tiém an [109].

1.1.4. Théch thizc, co hpi va dinh hwong phat trién

Nghé nudi c& canh bién dang ddi mat véi mot sé thach thirc va co hoi dé phat
trién bén viing. Thach thic chinh 13 nhitng han ché vé k§y thuat san xuat giong nhan tao
do dic diém sinh hoc da dang cua nhiéu loai c& canh bién [40, 156]. Cac yéu t6 nhu kho
khan trong viéc nudi thanh thuc, kich thich sinh san c& bd me, cling véi thoi gian phét
trién phdi, au tring kéo dai va chua duogc hiéu rd 1a nhitng tro ngai I6n trong san xuat
gidng nhan tao ca canh bién [44]. Bén canh do, chi phi san xuat cao so v&i danh bat tr
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nhién ciing 13 rao can dang ké. Ngoai ra, cac quy dinh phép Iy ngay cang khat khe vé
budn bén, xuat nhap khau va nudi cac loai thuy sinh vat bién tir phia cac nha nhap khau

hién nay ciing gy ap luc khéng nho déi vai nganh cong nghiép nudi ca canh bién.

Tuy nhién, nhiing tién bo va thanh tyu gan day vé cac linh vuc cng nghé di
truyén, lai tao va sinh hoc phan tir dang mo ra trién vong méi cho nghé nudi ca canh
bién. Viéc ap dung cac ky thuat tién tién nay trong sinh san nhan tao hira hen sé tao ra
cac giai phép khic phuc nhiing han ché vé dic tinh sinh hoc cua ca. Cac nghién cuau
chuy@n sau vé chon loc va cai thién giéng, tao ra cac dong ca lai ma&i voi dac diém ndi
troi, hodc khai thac tiém nang ctia cac lodi méi co thé da dang hda va nang cao chat
lwgng ngudn ¢ canh nudi [109, 119]. Nhu vay, su phét trién bén vitng cia nganh nudi
c& canh bién khdng chi mang lai loi ich kinh té ma con gép phan giam &p luc khai thac
tu nhién va tac dong tiéu cuc tgi hé sinh théi bién.

Pé phét huy tiém ning, nganh nudi ca canh bién can dinh huéng phét trién theo
hudng than thién voi moi truong va bén vitng. Cu thé, can wu tién phat trién cac loai ban
dia thay vi nhap noi cac loai ngoai lai dé tranh nguy co gy mat can bang sinh théi. Bén
canh d6, nganh can tan dung ti da cc thanh twu, kinh nghiém va hiéu biét c6 dugc tir
c4c thanh cong trong san xuat giéng va nudi cac loai thuy san lam thyc pham [44]. Viéc
rng dung nhirng tién bo nay s& gop phan day nhanh téc d6 san xuat giéng va nudi thuong
pham céc loai ca canh bién. Pong thoi, viéc &p dung cac tiéu chuan thuc hanh nudi trong
thay san tét ciing 13 yéu té quan trong s& nang cao chat luong san pham, dap @ng yéu
cau ngay cang cao cua thi truong nhap khau. Hon nita, nganh can ting cudng nghién
ctru V& nhu cau thi truong va yéu ciu ciia nguoi nudi dé c6 chién luoc san xuat va tiép

thi phui hop, nang cao gi4 tri gia ting cua san pham cé& canh [40].
1.2. Tong quan vé ca khoang ¢6 nemo
1.2.1. Phan logi va hinh thai

Ca khoang ¢ (Amphiprion, Pomacentridae) 1a mot trong nhitng nhém c& canh
bién dugc ua chuong nhat hién nay. Giong Amphiprion gom 30 loai, phan thanh 4 gidng
phu [184]. Tai Viét Nam, da ghi nhan it nhat 11 loai ca khoang c6, gom Amphiprion
akindynos, A. chrysopterus, A. clarkii, A. ephippium, A. frenatus, A. melanopus, A.
ocellaris, A. perideraion, A. polymnus, A. sandaracinos, va A. tricinctus [5, 10]. Ca
khoang c6 nemo (Amphiprion ocellaris) dugc phan loai nhu sau [14]:



Nganh: Chordata (d6ng vat c6 day séng)
Lép: Osteichthyes (ca xuong)
Bo: Perciformes (ca vuoc)
Ho: Pomacentridae (cé thia)

Gidng: Amphiprion (ca khoang co)
Loai: Amphiprion ocellaris (Cuvier, 1830)

Cé khoang c¢6 nemo c¢6 nhiéu tén goi khac nhau. Tén khoa hoc la Amphiprion
ocellaris duoc Cuvier md ta nim 1830. Trong tiéng Anh, ching dugc goi 1a clown
anemonefish, common clownfish hay false clown anemonefish. Tai Viét Nam, loai ca
nay c6 tén goi phd bién la ca khoang ¢ nemo hay cé hai quy [6].

Hinh 1.1: C& khoang c6 nemo Amphiprion ocellaris Cuvier, 1830
https://reeflifesurvey.com
Ca khoang c6 c6 kich thuéc nho, chiéu dai ti da 5 - 36 cm, than cao, bau duc va
dep bén. Vay lung gdbm 8 - 17 tia ciing va 10 - 18 tia mém, vay hau mén 2 - 3 tia cang,
vay dudi phan nhanh. Co thé va dau phu vay, mdi bén dau ¢d 1 - 2 15 miii. Miéng nam
gitta, vOm miéng khong co rang, ring ham xép 1 - 2 hang [14]. Ca khoang c6 c6 mau
sic da dang, 1a su két hop cuia cac mau den, do, cam, trang, nau, vang, va co thé thay doi

theo loai, ving dia 1y, dinh dudng, méi truong va giai doan sinh ly [166, 170].

Riéng vé loai ca khoang c6 nemo, chiing c6 mau cam dén cam d6 véi ba soc trang
vién den & dau, gitra than va dudi. Soc giita phinh to vé phia dau (Hinh 1.1). Cong thuc
vay: D. X - XI, 13 - 17; A. 11 - 13; P. 16 - 18. Vay trén duong bén: 34 - 48; vay duoi:
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56 - 66 tia. Vay tir goc vay lung t&i duong bén: 4 - 5; tir dwong bén téi goc vay hau mén:
22 - 25. Rang sic bén, 28 - 32 chiéc/ham. Mot dic diém quan trong la con céi I6n hon
con duc, voi chiéu dai ti da co thé dat téi 11 cm [14].

1.2.2. Phan bé va sinh thai

Ca khoang c6 phan bé rong réi & cac ran san hd trong viing bién nhiét déi va can
nhiét di cua Thai Binh Duong va An D6 Duong. Chung duoc tim thiy & do sau tir 1 -
15 m, thudng séng thanh tirng 6 cong sinh vai hai quy (Actiniaria) va it di cu [68].

Sy phan bé cua c4 khoang c6 chiu anh huong dang ké bai su ¢ mat caa hai quy
va diéu kién moi truong [68]. Gidng Amphiprion gom 30 lodi véi ba kiéu phan bé chinh:
rong, han ché va rat han ché [89]. Trong d6, ca khoang c6 den dudi vang (A. clarkii) co
pham vi phan bd rong nhat, tir ving bién phia Dong Chau Phi téi cac dao & Théi Binh
Duong [68]. Trai lai, c& khoang c6 nemo phan b han ché hon, chi yéu ¢ viing bién
Pong Nam A, Uc va mién T4y Thai Binh Duong (Hinh 1.2). Tai Viét Nam, ca khoang
c¢d duoc ghi nhan chu yéu ¢ viing bién Nam Trung Bo nhu Quang Nam, Pa Ning, Pha
Yén, Khanh Hoa va Binh Thuan, noi c6 nhiéu ran san hd phét trién [5]. Tuy nhién, do
khai thac qua muc va suy thodi sinh canh, quan thé ca khoang co tai Viét Nam hién dang
phai d6i mit véi nguy co suy giam nghiém trong.

- DS g

Hinh 1.2: Phan bé dia ly cia c& khoang c6 nemo (mau do)
http://www.aquamaps.org
Trong tu nhién, ca khoang c6 thiét 1ap mdi quan hé cong sinh chat ch& vai hai
quy. Ca gilp lam sach cac manh vun thirc dn va mo chét trén xic tu caa hai quy, déng
thoi bao vé chdng khoi cac loai ca an san hé nhu ca budém (Chaetodontidae). Nguoc lai,
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hai quy cung cap noi tri an an toan cho ca khoang ¢ nho cac xdc tu ¢ chta tuyén doc.
Nho d6, ca khoang ¢b giam dugc nguy co bi tan cdng, ty & tir vong thap va kéo dai tudi
tho [39, 68, 110]. Tuy nhién, cac nghién ctu cho thay rang trong diéu kién nudi nhan
tao, ca khoang c6 c6 thé sinh truang va sinh san binh thudng ma khéng can su hién dién
cua hai quy [40, 213]. Ngoai ra, ca khoang b con cd mdi twong tac sinh thai quan trong
v6i nhiéu loai sinh vat khac trong ran san ho nhu tao cong sinh véi san ho, dong vat phu
du va 4u tring ca. Do d6, chung dong vai tro khong thé thiéu trong viéc duy tri can bang
sinh thai, da dang sinh hoc va suc khoe cua hé sinh thai ran san hé [40, 110].

1.2.3. Sinh truwéng, phat trién va vong do

Triing ca khoang c6 ¢6 hinh elip hoic vién nhong, dinh vao gia thé nho cac soi
két dinh. Trimng gidu sac t carotenoids trong nodn hoang, ¢ mau tir tring, cam dén tim,
kich thudc dao dong tir 1,50 - 3,50 mm x 0,80 - 1,85 mm tuy theo loai [179]. Trong qua
trinh ap, phoi thay doi mau sic rd rét tir vang nhat (ngay 1), xam dam (ngay 3), dén den
Vvai 4nh bac caa mat (ngay 4 - 6), nhitng bién ddi nay 1a dau hiéu du doan thoi diém no
[121, 185, 213]. Thoi gian phét trién phoi thuong kéo dai tir 6 - 8 ngay (& nhiét do 28°C),
tuy nhién c6 thé kéo dai dén 13,5 ngay & loai A. clarkii [49, 185]. Au trung thuong no
vao ban dém (trong khoang thoi gian tir 18h00 - 21h00) trong khoang moét gio, khi no
chung d3 c6 miéng, hau mén va tdi nodn hoang [179, 185, 213]. Sau khi hét nodn hoang,
au tring bat dau bat moi, hoan tat bién thai sau khoang 23 ngay véi chiéu dai dat khoang
1,5 cm [49, 89].

) S ) Au trung
A *"* v 10— 15 ngay
’ Song troi ndi -
, | 4
Biénthai | _ _ e
& Nubi nhét
Song day \‘

Phoi
6—8 ngay

Hinh 1.3: Vong doi cia ca khoang c6 nemo [166]
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Cé khoang c6 c6 kich thuéc nho va toe do ting truong cham, dao dong khoang 1
- 6%/ngay, va chiu anh huong bai cac yéu té bén trong (loai, giai doan) va bén ngoai
(thire dn, moi trueong, cu tric x& hoi) [2, 14, 103]. Ca con thuong bi chi phdi bai cap ca
bd me thdng tri, dan dén it thoi gian kiém an do phai an nap [110, 213]. Khi truéng
thanh, ca khoang c6 ghép doi, 1am t6 va sinh san. Au triing song trbi ndi, trai qua nhiéu
giai doan bién thai trudc khi dinh cu trong ran san hd hodc cing hai quy, phét trién thanh
ca truong thanh, tham gia sinh san tiy thudc vao cau tric x& hoi, va hoan thanh vong
doi (Hinh 1.3) [40, 166]. Trong diéu kién nudi, ca khoang c6 co thé séng 9 — 30 nim,
gap 2 - 6 lan so vai cac loai cung ho ca thia Pomacentridae nhd mdi quan hé cong sinh

véi hai quy, gip 1am cham qua trinh 140 hda va kéo dai tudi tho [110].
1.2.4. Dinh duéng

Cé khoang ¢6 1a loai an tap va kiém an co hoi [14, 213]. Thanh phan thirc in cua
ching rat da dang, bao gém thyc vat phu du, dong vat phu du, 4u tring dong vat than
mém, 4u triing giap Xxac, giun, ca, va tham chi ca phdi hong trong qua trinh ap cua ca b
me [5, 14, 68]. Trong sinh san nhan tao, viéc str dung thie an séng hoic ché bién mang
lai hiéu qua cao hon so véi thire an cong nghiép [40]. Ca khoang c¢o dé nudi thanh thuc
hon céc loai ¢ canh bién khac do chiing chap nhan nhiéu loai thtrc an khac nhau, tir
thire an song, ché bién, dong lanh dén thirc an cong nghiép [40, 44]. Mic du nhu cau
dinh dudng cua ca bé me van chua dugc nghién cau day du, viée cho an két hop nhiéu
loai thirc 3n khac nhau va bo sung dinh dudng duoc khuyén céo &p dung dé dam bao
stc khoe va chat luong sinh san [40]. Ché do dinh dudng phu hop cho ca bé me nén bao
gom thirc an tuoi (nhu ca bién, myc, tdm, hau), thirc an dong lanh hozc ché bién (tir cac
ngudn tuoi ké trén), va thirc an cong nghiép. Nhiéu nghién ciru di chi ra tim quan trong
cua viéc bd sung thém cac chat dinh dudng thiét yéu nhu axit béo khong no, vitamin,

sac td va khoang chat nham nang cao chat lugng triing va tinh tring [44].

Ca khoang ¢ c6 sy chuyén d6i thire an ua thich theo giai doan phat trién. Trong
san xuat giéng nhan tao, au tring dugc vong thanh cong bang cach két hop luén tring,
Copepoda, Artemia va thtrc dn cong nghiép danh cho wong cé bién [1, 5, 6]. Phuong
phap két hop nay mang lai hiéu qua cao hon so véi cho an don 1¢ ting loai thirc an, nhd
kha nang dap tmg day du nhu cau dinh dudng, cung cip ¢& méi ph hop, cai thién sinh

truong, bién thai, ty 1é séng va mau sac cua au trung [79, 89, 185]. Viéc bo sung cac axit
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béo khong no (nhuw DHA, EPA, ARA), vitamin C va cac chat kich thich mién dich khac
trong qua trinh uong 4u tring ciing dong vai trdo quan trong gilp nang cao tang trudng,
ty 1& séng, suc dé khang va cai thién mau sic [2, 44]. Mac du vay, cac nghién cau vé
nhu cau dinh dudng cua ca khoang c6 van con han ché va co su khéc biét theo loai ciing
nhu giai doan phat trién. Theo mot sé ¢ong bd, nhu cau protein dao dong tir 43 - 60%,
trong khi nhu cau lipid nam trong khoang 8 - 18% [50, 125, 186, 203]. Tuy nhién, dé
nang cao hiéu qua san xuat va chat lwong ca gidng, viéc tién hanh thém cac nghién ctu
nham x4c dinh rd hon nhu cau dinh dudng phi hop cho ting loai va giai doan phat trién

cu thé 1a rat can thiét.
1.2.5. Sinh san

Ca khoang ¢6 1a loai ludng tinh, trai qua qua trinh chuyén doi gigi tinh tir duc sang
Céi, V6i tinh duc xuat hién trude. Su chuyén doi gidi tinh chiu anh hudng cua cac yéu td
nhu noi tiét, moi trudng va cau tric xa hoi trong quan dan [14, 68]. Trong mot cip ca da
chung sdng on dinh, ca thé 1én hon thuong la con céi, trong khi ¢4 thé nho hon 14 con duec.
Nghién cau trén ca khoang c6 cam cho thiy con duc chiém wu thé ¢ ¢& < 54,9 mm, con

cai & ¢ > 55,0 mm, va tir 55,0 mm tré 18n, c& bat dau co sy chuyén ddi gisi tinh [120].

Ca khoang cb trai qua sau giai doan phat trién tuyén sinh duc. O loai ca khoang ¢6
Maldive (A. nigripes), kich thudc thanh thuc lan dau tuong tng & ca duc va cé cai lan luot
1a 35 mm va 55 mm [75]. Khi dat d6 thanh thuc, ching két cap va séng véi nhau sudt doi.
Hé sé thanh thuc dao dong tir 0,62 — 19,8% véi dinh cao vao thang 1 va thap nhat vao
thang 6 — 9 [75, 120]. C4 khoang cb dé trimg dinh, cham soc va bao vé tring, dan dén sirc
sinh san thap, dao dong tir 405 - 5.025 tring/lan dé tly theo lodi, kich c& ca thé va ché do
chiam soc, quan ly [1, 185, 213]. Hoat dong dé trang dién ra vao ban ngay va kéo dai
khoang 30 - 60 phtt [185]. Sau khi d¢, phdi dugc cham soc bdi con duc, trong khi con cai
tang cuong bat moi dé tich liy dinh dudng cho chu ky sinh san tiép theo [1, 49].

Tai viing bién nhiét dgi, ca khoang c6 sinh san quanh nam, véi mua sinh san chinh

Va0 mua xuan va hé. Tan suat sinh san dao dong tir 6 - 19 lan dé/nim va co6 méi lién quan

dén chu ky trang, giup au trdng méi nd hudng quang 1&n mit nudc va phét tan [44, 185].

Chu Ky trang anh hudng dén nong d6 melatonin trong co thé ca, tir 46 diéu hoa hoat dong

sinh san. Nhiét d6 nuée bién ciing dong vai trd quan trong trong kich thich sinh san [75,

89]. Viéc cung cap ché d6 dinh dudng phong pht va duy tri cac thdng s6 moéi truong on
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dinh c6 thé cai thién dang ké hiéu qua sinh san cua ca khoang cb nudi trong diéu kién
nhan tao [44]. Tuy nhién, cac nghién ctru sau hon vé sinh Iy sinh san, nhu cau dinh dudng
va diéu kién moéi truong téi wu cho tirng lodi cu thé van can dugc tiép tuc thuc hién dé
nang cao hiéu qua va kha niang tng dung trong san xuét giéng nhan tao.
1.2.6. Tinh hinh nghién ciu va san xudt giong

Cé khoang c6 1a loai ca dé tring dinh, véi thoi gian phét trién phoi kéo dai tir 6 -
9 ngay ¢ nhiét do 26 - 29°C, tly thudc vao loai [89, 179]. Trong qua trinh ap tring, ca
duc dong vai trd chinh trong viéc chiam séc, bao gdbm quat nudc dé cung cap oxy va loai
bo céac chat thai, dong thoi 1am sach tring bang cach g& bo cac vat chét la va tring
khéng thy tinh [49, 185]. Trong khi d6, ca cai tap trung vao viéc bd sung dinh dudng dé
chuan bi cho dot sinh san tiép theo. Tuy nhién, hién tuong hao hut trimg thuong xay ra
trong qué trinh 4p, c6 thé do cing thang, chat lwong san pham sinh duc kém hoic diéu
kién moi truong nudi khdng phu hop. Viéc tach trang ra khoi ca bé me dé ap riéng
thuong kém hiéu qua hon so voi viéc dé c& b me chiam séc trimg, do tring dé bi nhigm

khuan khi thiéu su bao vé va chiam soc tir c& bd me [40].

Nhiing tién bo gan ddy trong nghién ciru san xuat giéng ca khoang ¢ tap trung
Va0 Viéc toi wu hoa diéu kién wong nudi, bao gdm mat do, ché do cho an, sir dung thirc
an sdng lam giau, va tao moi truong nudi phi hop [40, 44]. Nho do, ty 1é sdng caa mot
s6 loai c& khoang c6 dén giai doan gidng dd duoc cai thién dang ké, dat 60,0 - 75,7% [2,
6, 158]. Tuy nhién, san xuat gidng ca khoang c6 van gap phai c4c tro ngai lién quan dén
quan Iy chat luong c& bd me, dinh dudng, kiém soét dich bénh, ting truong va chat

lwong cé gidng ciing nhu chi phi san xuat [44, 109].

Tai Viét Nam, c4c nghién cau san xuat giéng ca khoang cb duoc trién khai tur
nam 20035, tap trung vao cac loai ca khoang c6 do, khoang ¢ nemo, khoang c6 cam va
khoang cb yén ngua [1, 2, 5, 6, 8]. It nhat ba quy trinh san xuat gidng nhan tao da duoc
xay dung va hoan thién. Theo d6, ca bd me duoc nudi thanh thuc trong hé thong tuan
hoan, cho an bang thtrc an ché bién. Ca dé ty nhién vai chu ky 2 - 3 tuan/lan, stc sinh
san 100 — 1.000 trang/lan dé. Tring duoc 4p 7 - 10 ngay ¢ 27 - 30°C. Au tring dugc
uong vai luan trung, nauplius Artemia va thirc an cong nghiép. Mat o va d6 man uong
nudi thich hop 12 1 - 3 con/lit va 30 - 35%o. Ty 1 sdng dat 30 - 75% cho dén ¢c& cé gidng
v6i kich thudc 3 — 5 cm. Déi vé6i ca khoang ¢d cam, viéc téi wu hoa thoi diém cho an va
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1am giau luan tring/Artemia di cai thién ting trudng va ty & song. O giai doan ¢ gibng,
viéc b sung vitamin C, astaxanthin va ting tan suat cho an di giup ning cao ting truéng,
ty 16 sbng va mau sac [1, 2]. Mic du da dat duoc nhimg budc tién dang ké, viéc san xuat
giéng ca khoang c6 thuong mai Van can duoc tiép tuc nghién ciru va hoan thién, dic biét
la cac khia canh lién quan dén dinh dudng, suc khoe va di truyén nhiam nang cao chat
lwong va da dang héa san pham ca giéng, dap tng nhu cau ngay cang ting cua thi trudng

Ccé canh trong va ngoai nudc.
1.3. Chit lweng cé canh va cac yéu té anh hwéng
1.3.1. Khai niém va tiéu chi danh gid chdt lwong cé cdanh

Ca canh la nhirng loai ca dugc nudi va cham sdc véi muc dich thudng thac vé
dep, su doc dao vé ngoai hinh, mau sic va hanh vi. Chung dugc chia thanh nhiéu nhém
khéc nhau dua trén ngudn gbc, dac diém sinh hoc va yéu cau chiam soc. Viée danh gia
chat luong ca canh 13 mot qua trinh quan trong, doi hoi su hiéu biét sdu sac vé dac diém
sinh hoc, yéu cau méi truong song va cac bénh thuong gap o ting loai [40]. Mot trong
nhitng tiéu chi quan trong nhat dé danh gia chat lugng ca canh 1a ngoai hinh va mau sic.
Cé canh chét luong cao thuong c6 hinh dang can ddi, ddc trung cua loai, véi mau sac
tuoi sang, ruc r& va khdng bi nhat nhoa [109, 134]. Vay va duoi ctia ching khéng bi xay
Xat, ton thuong hay bién dang, trong khi da va vay khéng bi tray xudc, nhidm khuan

hoac ky sinh trung [40].

Bén canh ngoai hinh, sttc khoe va hanh vi cua cé canh ciing 13 nhitng yéu té quan
trong cin xem xét. Ca khoe manh thudng boi linh hoat, an mdi tich cuc. Ching khdng
6 dau hiéu bénh 1y nhu bo an, boi 16i bt thuong, da/mang tiét ra nhiéu chat nhay nhét,
xuat huyét/lo loét hay xuat hién cac dém trang trén than [134, 165]. Bong thoi, c& canh
chat lwong cao can tuong tic tich cuc véi moi truong va cac ca thé khac trong hé thong
nudi [165]. Ngoai ra, kha ning thich nghi cao véi diéu kién nudi trong bé thiy sinh ciing
la mét yéu té dang xem xét [109]. Ngudn gbc va di truyén cua ca canh ciing dong vai
trd quan trong trong viéc danh gia chat lugng. Nhitng cé thé c6 nguon gdc rd rang,
thuong 1a duoc sinh san nhén tao, dugc uwu tién lya chon do chdng co kha nang thich
nghi cao vai diéu kién nudi. Viéc kiém tra cac dic diém di truyén dic trung cua loai va
dong ca giap dam bao chét lwong va tinh 6n dinh cia dan ca [40]. Cudi cung, gié tri
thAm my va su quy hiém cta ca canh ciing 1a nhitng yéu té quan trong trong viéc danh
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gia chat luong. C4c ca thé c6 ngoai hinh doc dao, mau sic hiém gap hoic cac dic diém

tham my dic biét thuong duoc danh gia cao [40].

Déi v6i ca khoang c6 nemo, dudi géc nhin cua chuyén gia, ngudi san Xuat va
ngudi nubi ca canh, nguon giéng dat chat lugng cao can c6 mau cam dam, ruc ry va
ddng déu trén toan than [109]. Theo kinh nghiém san xuat va cung cap ca cho thi truong
cua Trai san xuat gidng ca canh bién Vinh Hoa (Nha Trang), mau cam - d6 (chi s6 a")
|4 tiéu chi quan trong nhat ddi véi ca khoang co nemo san xuat nhan tao, chi s6 nay nén
dat it nhat 15 (t6t nhat tir 20 — 25%), d6 vang mau da - chi sb b” it nhat 20 (tét nhat tir 20
—30), d6 bdo hoa mau - chi s6 C"a tir 30 — 40, tdng mau — chi s6 h*a tir 40 — 50 va do
s&ng mau da - chi s6 L™ tir 40 - 50. Bén canh mau sic, cac dic diém hoa vin va hinh thai
khac ciing dong vai trd quan trong. CAc soc tring trén co thé phai rd nét, lién tuc va co
vién den sic nét. Biém nhin dic trung cta lodi 1 ving quanh mét va vién céc vay co
mau den sim. Mép ngoai vy dudi va vay nguc nén trong sudt, khdng xuat hién mau sic
khac. Ngoai ra, kich thuéc va hinh dang co thé can can ddi, véi dudng cong lung va
bung muot ma. Sy tuong phan va hai hoa giita cac mau cam, tring va den trén co thé
tao nén vé dep doc dao va thu hat cua loai ca nay [40]. Tuy nhién, viéc dat dugc nhitng
tiéu chuan mau sic 1y tuong nay doi hoi su két hop cua nhiéu yéu té nhu di truyén, dinh
dudng, mdi trudng sdng va ki thuat cham séc [109, 165]. Trong d6, ngudn gdc di truyén
dong vai trd nén tang, trong khi ché do dinh dudng hop 1y, méi trudng séng 6n dinh va
ki thuat cham soc t6i vu s& gilip ca phét trién mau sac ruc r& va duy tri sic khoe tét
[165]. Do d6, viéc nghién ciru va cai thién mau sic caa ca khoang c6 nemo doi hoi su
tich hop caa nhiéu linh vuc nhu di truyén, dinh dudng, sinh Iy va k¥ thuat nudi. Sy am
hiéu sau sac vé dic diém sinh hoc va yéu cau méi trudng séng dic thi caa loai ca nay
s& gitip ngudi nudi dat dugc nhitng tiéu chuan mau sic 1y tuong, qua do, nang cao chat
lwong, gia tri va kha nang tiéu thy cia ca khoang ¢ nemo trén thi truong ca canh.
1.3.2. Anh hwéng caa di truyén va chdt lweng giéng

Trong nudi ca canh, bén canh cac yéu té méi truong va dinh dudng, di truyén va
chon giéng déng vai trd quan trong trong viéc nang cao chat lwong ca. Di truyén hoc va
chon giéng gdop phan cai thién cac dic diém mong mudn cua ca canh, bao gom ngoai
hinh, mau sic, kha ning thich nghi va strc dé khang vai cac tac nhan gay bénh [119]. Di

truyén quyét dinh nhiéu dic tinh quan trong cia c& canh, nhu hinh dang, kich thudc,
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mau sic va cac dic diém tham my doc dao khac [109, 119]. Viéc hiéu biét va tng dung
cac nguyén ly di truyén trong chon giéng gitip ngudi nudi tao ra cac dong ca ¢ dic tinh
mong muédn va 6n dinh qua c4c thé hé. Cac phuong phap chon loc nhu chon loc cé thé,
chon loc gia dinh va lai tao dugc sir dung dé cai thién chat lugng di truyén cua dan ca.
Bén canh viéc cai thién ngoai hinh va mau sic, viéc chon giéng con hudng dén muyc tiéu
nang cao kha ning thich nghi va sirc dé khang cua ca canh. Cac dong ca cd kha niang
chdng chiu tét véi cac yéu td moi truong bat loi va it bi anh huong boi bénh tat sé gidp
giam thiéu ty 1¢ hao hut va ting tinh bén vitng trong qua trinh nudi [24]. Su két hop gitra
chon loc dya trén ngoai hinh va cac dic tinh lién quan dén sirc khoe, kha nang thich nghi

s& tao ra cac dong ca canh chat luong cao, dap tng tét nhu cau cua thi truong.

Tuy nhién, qua trinh chon giéng can duoc thuc hién mot cach khoa hoc va chit
ché& dé tranh cac van dé lién quan dén di truyén, nhu suy giam da dang di truyén, thoai
hoa giéng va gia ting tinh nhay cam véi tac nhan gay bénh [109]. Viéc duy tri su da
dang di truyén trong qué trinh chon giong la rat quan trong dé dam bao sy 6n dinh va
bén viing ciia dan ca. Cac phuong phéap nhu lai tao xa, sir dung nhiéu dong khac nhau
va giam st chit ché& su thay doi di truyén qua cac thé hé cd thé gip giam thiéu cac rai
ro nay [119]. Ngoai ra, viéc tng dung céc k¥ thuat di truyén hién dai, nhu chi thi phan
tr va chon loc vai su hd trg caa marker (MAS), ¢6 thé giup ting hiéu qua va do chinh
X4c cua cong tac chon giéng. Céc nghién cau di truyén ciing gitp xac dinh cac gene lién
quan dén cac dic tinh quan trong cta ca canh, tao tién dé cho viéc phat trién cac giong
c& chat luong cao trong tuong lai [24, 40, 134]. Tuy nhién, so véi linh vuc nudi trong
thity san ndi chung, cac nghién ctru va tng dung vé di truyén, chon giéng trong san xuat
gidng ca canh bién van con kha han ché, can dugc dau tu va phat trién manh mé& hon

nita dé nang cao chat luong va da dang hda san pham cé canh.
1.3.3. Anh hwéng ciia méi trwong va kj thudt nudi

MBoi trudng séng va ki thuat nudi 1a nhiing yéu té quan trong anh hudéng dén sy
sinh truéng, phéat trién va chat luong cua ca canh. Viéc tao ra mot moi trudng séng toi
vu va ap dung céc ky thuat nudi pha hop s& gilip c& canh phat trién khoe manh va dat
duoc c4c tiéu chuan chat lugng cao [165]. CAc yéu té mdi truong nhu chat luong nudc,
nhiét o, anh sang va khong gian sdng cd su tac dong truc tiép dén sinh truong va sic

khoe cua ca canh. Viéc duy tri cac thdng s6 moi truong ¢ mic thich hop, nhu nhiét d6
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6n dinh, pH, d¢6 man thich hop, oxy hoa tan day di va ham luong khi doc thap, sé& thic
day su phat trién tt va giam nguy co mac bénh [134]. Cu thé, dbi véi ca khoang cd,
khoang nhiét d tir 26 —31°C va ¢6 man tir 10 - 40%e (t5t nhat tir 30 - 35%0) duoc khuyén
céo [1, 6, 42]. Bén canh do, viéc cung cap khdng gian séng du rong véi sy bé tri vat dung,

thiét bi pht hop véi tap tinh cua timg loai ¢4 cling dong vai tro rat quan trong [165].

Ap dung céc k¥ thuat nudi tién tién dong vai trd quan trong trong viéc nang cao
chat lugng ca canh. Hé thong loc va tuan hoan nudc hiéu qua hay mé hinh aquaponics
gidp cai thién chat luong nudc, ting cudng su phat trién cua vi sinh vat ¢o loi va giam
thiéu viéc sir dung hoa chat [40]. Ky thuat cho an va quan Iy thire an véi ché do 3 - 6
lan/ngay, khau phan tir 4 — 8% khdi lwong than, ciing véi viéc bo sung dinh dudng nhu
vitamin C, axit béo khong no, sic té carotenoids, p-glucan hay probiotics di duoc ching
minh 12 cai thién dang ké téc d6 ting trudng, ty 16 sbng, mau sic va stc khoe tong thé
cua ca khoang cé [2, 44, 134]. Phong ngira va kiém soat dich bénh ciing 12 mot khia
canh quan trong trong k¥ thuat nuéi ca canh [165]. Gidm sat sic khoe thuong xuyén, ap
dung bién phap vé sinh va khir tring, két hop véi viéc sir dung vaccine va ché pham sinh
hoc giup ngin ngira su xam nhap va lay lan cua mam bénh. Phat hién som va xu ly kip
thoi cac truong hop bénh gdp phan han ché thiét hai va duy tri chat luong dan ca [40].
T6m lai, viéc toi wu hda méi truong sdng va ap dung cac ki thuat nudi tién tién dong
vai trd quan trong trong viéc nang cao chit lwong va gia tri cua ca canh noi chung va cé

khoang co nai riéng.
1.3.4. Anh hwéng ciia dinh dwong va bénh

Dinh dudng va tinh trang stc khoe 1a hai yéu té quan trong anh huong dén chat
lwong cia ca canh. Mot ché do dinh dudng cin ddi, day du cac thanh phan co ban va b
sung cac chat dinh dudng can thiét s& gitp ca sinh truong tdt, co suc dé khang cao va
dat duoc cac tiéu chuan chat lugng mong mudn [165]. Protein, lipid, carbohydrate,
vitamin va khoang chit dong vai trd quan trong trong sy phat trién va duy tri sicc khoe
cta ca canh. Protein cung cap cac axit amin can thiét cho sy ting truong va phat trién
cla co, md va cac co quan. Lipid cung cdp niang lwong va cac axit béo thiét yéu, gop
phan vao su phat trién cua ndo bo, mat va hé thong mién dich. Carbohydrate cung cap
ning lwong dé& tidu hoa va hd tro su hoat dong cua hé tiéu hoa. Vitamin va khoang chat

tham gia vao nhiéu qua trinh sinh Iy quan trong [169].
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Bén canh céc thanh phan dinh dudng co ban, viéc bo sung thém mét sé chat dinh
dudng dic biét cling gop phan nang cao chat luong ca canh. Cac chat chéng oxy hoa,
chat tang cuong mién dich, sic tb carotenoids, axit béo khdng no omega-3 va omega-6
cd vai trd quan trong trong su phat trién cia ndo bo, mat, hé thong mién dich, cai thién
mau sic va do bong cua da va vay cé [40, 115, 134]. Viéc cung cap thirc an vai kich ¢
phl hop, day du dinh dudng gitip hoan thién cau tric/chic nang cua nhiéu co quan quan
trong & giai doan 4u tring, nang cao ting truong, ty 1é sdng, hiéu qua sir dung thirc an
va sic khoe tong thé cua ca [2, 44, 165]. DPang thai, bo sung cac chat xo nhu FOS
(Fructo-oligosaccharides) va MOS (Mannan-oligosaccharides) cd thé cai thién su phat
trién caa vi sinh vat dudng rudt co loi, ting cuong hé thong mién dich va giam nguy co
nhiém bénh [169].

Chat lugng ca canh ciing chiju anh huong 16n tir tinh trang stc khoe cua ching.
Céa khoe manh thuong ¢ kha nang sinh trudng tét, van dong linh hoat, mau sic tuoi
sang, hinh thai cAn ddi va it bi anh huong bai cac yéu té bat loi tir moi truong [134].
Nguoc lai, ¢4 bi suy dinh dudng hoac nhiém bénh thuong cd biéu hién sinh truéng cham,
mau sic xin, dé bi ton thuong va giam sac dé khang [165]. Vi vay, duy tri stic khoe tot
cho c4 thong qua ché d6 dinh dudng hop 1y, méi trudng sdng thich hop va phong bénh
dinh ky 1a rat quan trong dé dam bao chat luong ca canh. Ngoai ra, tng dung cac ché
pham sinh hoc nhu probiotic va prebiotic cling duoc xem la mot giai phap tiém ning

nham cai thién sirc khoe va nang cao chat lugng ca canh [44].

Bénh 13 mét trong nhiing thach thirc 1on ddi voi nghé nudi ca canh bién. Céc tac
nhan gay bénh phé bién bao gém vi rat (Lymphocystis, Betanodavirus, Picornavirus),
vi khuan (Vibrio spp., Aeromonas hydrophila), nAm (Exophiala sp., Cladosporium sp.),
ky sinh trung (Brooklynella spp., Cryptocaryon spp., Amyloodinium ocellatum, san l&
don chil) va c4c yéu t vo sinh/méi trudng [4]. Ca nhiém bénh thuong ¢ cac dau hiéu
nhu ton thuong co hoc trén da, noi tang, XUAt huyét, |6 l0ét, giam an, boi bat thuong,
tiét nhiéu nhay nhot, va cé thé gay chét rai rac dén hang loat néu khong duoc xir Iy kip
thoi [4, 165]. Tuy nhién, cac nghién ciu vé bénh do yéu td vo sinh (méi trudng va dinh
dudng) trén ca canh bién van con han ché va chua day du, do do, can c6 thém nhiéu
nghién ciru chuyén sau va hé thong hon [4]. Ngoai ra, méi trudng bat lgi nhu mat do

cao, nhiét d ting giam bat thuong, ham lwong ammonia cao, cing thang, tén thuong
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do khai thac, van chuyén, ca tin cdng lan nhau ciing 1a cac yéu t6 tac dong tiéu cuc dén

ty 16 séng va chat luong céa [71].
1.4. Mau sic cha ca canh
1.4.1. Vai tro va sw da dang mau sdc ¢ ca

Mau sic cua ca rat da dang nho cac co ché dic biét, chu yéu la cac té bao sic té.
Da cé c6 thé c6 bat ky mau nao caa quang pho thi giac, 1a két qua caa qua trinh tién hoa
lau dai. Ba yéu td lién quan dén mau sic gém do6 sang, mau sic va do bao hoa [180].
Mau sic cia ¢4 c¢d ba chire ning co ban: diéu chinh nhiét, giao tiép cuing loai va giao
tiép khac loai [61]. Su da dang mau sic & c& xuat phét tir p luc chon loc trong qué trinh
tién hoa, bao gébm cac yéu té nhu nguy trang, canh tranh, su linh hoat thich tng trong
co ché bién d6i, va kha nang cam nhan mau sac khac véi con nguoi [187]. Ca khoang
cd truong thanh thudng c6 kiéu mau twong ddi don gian, voi sé lwong soc tring dao
dong tir 0 dén 3, duoc vién den trén nén mau da dang. Céc loai ca khoang c6 dugc phan
biét bang s lugng soc trang, mau sic va Kiéu hoa van trén than va vay [170]. Trong cac
tai liéu phan loai, ca khoang c6 thudong dugc chia thanh bén nhém chinh dwa trén sé
lugng soc (Hinh 1.4). Bén canh d6, mot s it lodi thé hién su da dang vé mau da va soc
tring trai dai doc lung [170].

a Khéng c6 soc doc b Mét soc doc
A. akallopisos A. pacificus A. barberi A. frenatus A. leucokranos A. meculochi A. nigripes
A. ephigpium A. sandaracinos A. omanensis A. perideraion A. rubrocinctus
9 e ™20 ¢
\ o
C Hai soc doc d Ba soc doc € Loai c6 su da hinh soc
A. akindynos A. allardi A. bicinctus P. biaculeatus A. chrysogaster A. melanopus A. melanopus
(” 1« Py Arg | | BEe " @
‘ a
A. chagosensis A. chrysopterus A. latifasciatus A. latezonatus A. ocellaris A. polymnus A. polymnus
; ’
F @ ¢ . '"g!o 1&- g3
A )
A omanensis A. sebae A. percula A. tricinctus A. clarkii A. clarkii
4 ‘!!l} 6‘;' t l!‘ ( 4 3
9 9

Hinh 1.4: Hinh thai ngoai ciia ca khoang co [170]
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C6 bang chting cho thay t6 tién cua ca khoang c6 c6 ba soc, nhung theo thoi gian
tién hoa, cac soc mat dan [166, 170]. Au tring méi né ¢ co thé trong sudt, khéng cd
soc, va sau d6 xuét hién soc trén dau va giira than. Tir hai soc nay, mét s6 loi phat trién
thém soc & dudi, trong khi mot sé loai mat di soc gitra. Nghién ctu chi ra rang it nhat
9/30 loai, khi con nho ¢d sb lugng soc nhiéu hon khi truéng thanh. Qué trinh xuat hién
cua cac soc dién ra theo hudng tir dau téi dudi, trong khi sy mat di cua soc lai theo chiéu
nguoc lai. Pang cha ¥ 13 khong c6 loai ndo chi c6 mot soc duy nhat trén than hoic dudi
[170]. Song song véi cac soc, mau sic va hoa vin binh thuong, ngay cang c¢é nhiéu dong
ca dot bién voi mau sic da dang hon, dugc hinh thanh tu nhién hozc nhan tao bai cac
doanh nghiép, tuy nhién, viéc tiép can cac thong tin nay con gap nhiéu khé khin do tinh

chat bao mat trong linh vuc thuong mai.
1.4.2. Séc té va cac té bao sdc té ¢ ca

Mau sic cua ca dugc tao ra bai cac té bao sic to chuyén biét, co kha ning chira
sac td va co kha nang phan xa anh sang [72]. O c4, cd séu loai té bao sac to riéng biét:
xanthophore (vang), erythrophore (cam - do), iridophore (phan xa/ong anh), leucophore
(trang), melanophore (nau - den), va cyanophore (xanh) [101] (Bang 1.1). C4c té bao
nay c6 nguon goc tir cac té bao gbe trung mod phat sinh tir mao than kinh trong qué trinh
phét trién phdi va hién dién ¢ 16p ha bi, trung bi va mach mau - than kinh & giai doan
truong thanh [101]. Su khéc biét trong cau trdc va chirc ning ciia ching dudi cac tac
dong bén trong va bén ngoai dan dén su thay doi trong md hinh sic t, tao nén sy da
dang vé mau sic & ca [150].

Bang 1.1: Cac loai té bao sac to lién quan dén mau siac ¢ ca

Tébaosicté Baoquanchira Chattaosic  Mau hién thi Tinh chat
Melanophore ~ Melanosomes Melanin Den, nau Hap thu anh sang
Xanthophore  Xanthosome, Pteridines, Vang, cam Hap thy, phan
carotenoid carotenoids chiéu
Erythrophore  Erythrosome, Pteridines, Cam, do Hap thy, phan
carotenoid carotenoids chiéu
Iridophore Reflecting Purines, Mau theo ciu  Phan chiéu
platelet guanine platelet tric va anh kim
Leucophore Leucosomes Uric acids Tring Phan chiéu
Cyanophore Cyanosome Chua 1o Xanh duong Hap thy, phan
chiéu

Nguon [119, 180]
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Viéc phan biét gitra cac loai té bao sic té khong phai lac nao ciing rd rang, dic
biét 1a khi ching xuét hién dugi dang két hop [72]. Xanthophore chira sic to pteridine
mau vang, trong khi erythrophore chira carotenoid mau cam hoac dé [180]. Tuy nhién,
trong mot sé trudng hop, ca hai loai sic té nay c6 thé dugc tim thay trong cing maot té
bao. Té bao xanthophore c6 kha nang tich liiy sic td vang tir pteridine va carotenoid,
trong khi d6 sic té6 cam — do cua té bao erythrophore chi dugc tong hop tir cac
carotenoids. Diéu nay chinh 1a co s cho viéc cai thién mau sic caa ca thong qua bd
sung cac ngudn carotenoids tir thirc dn, mot phuong phap da dwoc nghién cau va tng
dung trén nhiéu loai [109]. Iridophore va leucophore tao ra mau sic lap lanh hay anh
kim va mau trang sang nho cac tinh thé guanine xép chong 1én nhau [72]. Melanophore
chta hat hic té melanine hay eumelanine, 1a nguyén nhan tao nén mau den, xam hoic
nau. Mic du da sb cac mau xanh 14 cdy, xanh duong hay tim ruc r& & dong vat 1a két
qua caa su phan xa va khic xa anh sang trén bé mat da va vay, chir khéng phai xuat phat
tir cAc sac td, nhung mot sé nghién ctru cho thady & mot sb loai ca nhu ca trang nguyén,

ton tai cac té bao sic td cyanophore chia sic té sinh hoc mau xanh dwong [72].

Trong s cac loai ca dugc nghién ciu, ca soc 1a loai duy nhat s¢ hitu toi 4/6 loai
té bao sic td, tiép theo 1a ca thia xanh 14 ma véi 3/6 loai [119]. Ho cé la han va cé vet
ciing dugc biét dén véi mau sic rat da dang, bao gdm hau hét cac loai sac té voi ty 16
khéc nhau. Ngoai ra, cac té bao két hop nhiéu loai sic tb ciing duoc phat hién & mot sb
loai ca. Tuy nhién, cho d¢én nay, cac nghién ciu vé sac to trén ca méi chi ding lai & viéc
xac dinh mac d6 don sic trén mot s6 loai, trong khi su tuong tac/két hop phuc tap, ¢o
t6 chac caa hai hay nhidu té bao sac t van chua dugc lam sang to [119, 180]. Piéu nay
cho thay sy can thiét cia cac nghién ctu chuyén sau hon vé co ché tuong tac va td chirc
cua céc té bao sic td, gop phan lam rd co sé khoa hoc cua su da dang mau sic & cac loai
ca ciing nhu tao tién dé cho viéc cai thién mau sac c6 chon loc ¢ cac loai ca quan trong

trong nudi trong thay san.
1.4.3. Co ché hinh thanh va kiém soat sdc té ¢ ca
Sy hinh thanh mau sac cua ca:

Mau sic ¢ sinh vat duoc tao nén bai sac té sinh hoc (biochrome) va co ché tao
mau theo ciu tric (schemochrome) [180]. Sic té sinh hoc, bao gdom carotenoid va
pteridine, hap thu chon loc phan &nh sang thiy dwoc cua quang phd va cho phép nhiing
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budc song khac dén mat ngudi quan sat. Mau thudc dang ciu tric duoc tao ra théng qua
su két hop cuia nhidu xa, phan xa hoac phan tan anh sang, voi quy md bang V4 budc song
anh sang, giao thoa voi cac budc song khac va truyén sang ciu tric twong tu, tao ra su
lap lanh, da sac & nhiéu loai c& [150]. Mau sic cta ca truong thanh 1a sy két hop cua hai
kiéu sic t§, gdbm co ché mau van lung — bung va tuong tac giita cac té bao sic td [87].
Vi dy, trén cd ngua van, melanophores va iridophores tao mau tdi, trong khi
xanthophores va iridophores tao mau sang. Khi hat melanin di chuyén dén nhéanh té bao
hic t6, da ca tro nén saim mau; khi cac hat melanin tap trung ¢ gitta té bao, ca c6 mau
sang hon [101]. Tém lai, mau sic ca dugc quyét dinh bai thanh phan, sé lwong va phan

bé cua hat sic t, chang han nhu eumelanin (ndu — den) hay pteridine (vang — do) [35].
Su thay doi Mau sdc ¢ Ca:

Sy di chuyén cua té bao sic té gay thay d6i mau sic ¢ dong vat nham phan ung
v6i méi truong. O ca xuong, su bién d6i mau sic cé thé dién ra theo co ché hinh thai
hoac sinh ly, chiu tac dong ctia méi trueong, dinh dudng, trang thai sinh ly hoac giai doan
phat trién [35]. Au tring méi ng thudng khdng ¢6 mau ngoai trir d6i mat den, sau d6 sic
t6 dan hinh thanh, hoan thién va on dinh & giai doan truong thanh [133]. C6 nhiéu yéu
t6 anh huong dén mau sic ca va chung tac dong qua lai 1an nhau (Hinh 1.5). Di truyén
& cap d6 phan tur quyét dinh viéc hinh thanh, luu giit tinh trang, trong d6 c6 mau sic,
qua nhiéu thé hé. Cac thay doi méi trudng tac dong 18n hé than kinh, noi tiét, dan dén
phan tmg thay d6i mau sic. Trong da s truong hop, mau sac ca duoc quyét dinh boi sy
két hop gitra yéu t6 di truyén va yéu tb moi truong. Ngoai ra, thay di mau sac con lién
quan dén giéi tinh, voi nhitng dic diém tam thoi hodc vinh vién, nham canh tranh sinh
san [105]. O nhiéu loai, con duc c6 mau sic sic s& hon con cai, thuong do gen/locus
trén nhidm sac thé gigi tinh quy dinh. Su khéc biét mau sic theo gigi tinh nay c6 tiém
nang duoc dung 1am chi thi trong lai tao, chon giéng, dac biét khi mau sic lién quan dén

dic tinh mong muén [106].
Thay déi mau sac theo hinh thai:

Thay d6i mau sic theo hinh thai Ia su tang giam sé lugng, mat do, hinh dang va
phan bd cua té bao sic t6 trén da [180]. Su thay doi nay xay ra do kich thich lau dai,
dién ra cham chap, tir vai tuan t6i vai thang, khi ca thay d6i phuong thic séng, giai doan
phat trién hay phan ¢ng véi tac dong ciia moi trudng, dinh dudng va tuong tic xa hoi
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lwong, chat lwong,

(SSR, QTL, SNP...)

[87, 187, 205]. Khac véi thay d6i mau sic theo sinh 1y, thay d6i mau sac theo hinh thai

thuong khdng thé dao nguoc hoan toan. Tuy nhién, c& van c6 kha nang diéu chinh, thay

dbi hinh thai & mot giai doan nhat dinh nham phan ung véi yéu té mai truong va sinh
thai [180]. Su thay d6i mau sic theo hinh thai dugc diéu khién bai co ché than kinh va

noi tiét (hormone), 1am thay d6i thanh phan va sé lugng té bao sic t6 [187]. Trong moi

truong anh sang yéu, hormone a-melanophore (a-MSH) l1am phan tan té bao sic té trén

da. Nguoc lai, trong anh séng manh, hormone melanin-concentrating (MCH) lam céc té

bao sac t6 tap trung véi sb lugng 16n, day dic hon [180]. Nghién ctu cho thay mau sic

ca r6 phi d6 nhat hon trén nén trang vai mac biéu hién cao cua mch mRNA trong néo

va toi hon trén nén den voi muac biéu hién cao caa pomc mRNA [209].

Cac yéu toé anh hwéng dén mau sac cia ca

:

Di truyén

Cac tinh trang sb

chi thi sinh hoc

A 4

Di truyén don
gen, da gen

Toan bd hé gen,
phién ma, tong
hop protein..

A 4

( G + E = Kiéu hinh (P)

G + E + tuong tac GE = (P)

J

A

mMRNAs: mitf, tyr, mclr.._;
miRNAs va IncRNAs; Con
duwong: cAMP, MAPK...

Bién ddi kiéu hinh lién quan

dén hinh thai, cau truc co thé,

sinh ly va cap do phan tt

b

Moéi trwdng

A

\.

Dinh dwd'ng, anh sang

UV, théng sb6 chét long

nuwoc, twong tac xa hoi,
mau nén__.

J

Co ché

kiém soat

Héc mén: MCH, MSH,
ACTH, Prolactin, Melatonin. ..
Théan kinh: NA, Than kinh
giao cam, AR, ...

Truyén tin hiéu

|

y

Bién @i sinh Iy

Bién ddi hinh thai

mau da khong thé
tré lai

twong, kiéu hinh trong
cai thién mau sic ca

su tap hop va phan
tan clia cac TBST

tang/giam sé luwgng,
kich c& ciia cac TBST

Kich thich Kich thich lién
thoang qua, mau tuc, rgéu da
da co thé tro lai co thé tré lai

A 4 h 4 A 4 \ 4
Bién déi cham, Ung dung cac hién Bién déi nhanh, c6 Bién déi cham,

Hinh 1.5: Anh huéng ciia di truyén, méi truedong va sy twong tic 1én mau sic co
thé c4 [119]
(MCH, hormone tédp trung melanin; MSH, hormone kich thich melanophore; ACTH, hormone vo

thuong thdn; NA, Noradrenaline; AR, Adrenoreceptor; tyr, tyrosinase; mclr, thy thé melanocortin-1;
G, ditruyén, E, méi truong; va G + E tuwong tac di truyén va moi truong)

Nham nguy trang téi wu, mat do va phan bé té bao sac t6 ciing thay doi trén da.

O cé killi, mat do leucophore ting khi thich nghi véi nén trang, trong khi sé luong
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melanophore va xanthophore giam. Tuong tw, mat d6 melanophore, xanthophore va
iridophore trong da c& ngua van ciing thay doi sau khi thich nghi lau véi nén téi hoac
séng [187]. C4 r6 midas (Amphilophus citrinellus) pho bién véi mau xam va vang; tuy
nhién, mot s6 ca thé c6 thé chuyén tir xdm sang vang hoic trang khi truéng thanh [87].
Con non Vva con cdi cua ca tetra kién Ira (Hyphessobrycon myrmex) c6 mau vang nhat
trong khi con duc chuyén dan sang d6 hodc cam khi truong thanh [152]. Qué trinh thay
d6i mau sic hinh thai dugc nghién cau chi tiét nhat trén ca ngua van, cho thay rd sy di
chuyén va tuong tac qua lai gitra cc té bao sic tb tao nén mau sic & cac diéu kién moi
truong khéc nhau [151]. O cap do sinh thai, sy thay d¢6i mau sic hinh théi va sinh Iy cho
thiy tAm quan trong cta tinh da dang kiéu hinh trong kha ning xam 1an méi trudng méi
va thich ang véi bién d6i khi hau caa cac loai ca [212].
Thay déi mau sac theo sinh 1y:

Thay doi mau sac sinh 1y lién quan dén su chuyén vi caa té bao sic t hoic tinh
thé sic td trong bao quan, ciing nhu sy thay doi goc do/cau tric va sap xép cua tinh thé
mau trong té bao biéu bi. Bién d6i mau sic sinh Iy thuong xay ra do kich thich ngan han
dan dén su di chuyén, phan b va sap xép lai cua té bao hoic hat sac té [180]. Qué trinh
nay dién ra nhanh hon so vé6i thay doi mau sac theo hinh thai va c6 thé dao nguoc vé
trang thai mau sic ban dau. Su chuyén dich khéi lwgng bao quan sic td tir ngoai vi vao
trung tdm té bao sac td, hodc nguoc lai, chi mat vai phat [119]. Kha ning nguy trang,
bao vé khai tia cuc tim, phong vé va giao tiép xa hoi 1a cac Iy do chinh dan dén thay doi
mau sic sinh Iy & nhiéu loai dong vat [180].

Thay d6i mau sic sinh ly & ca chiu anh huéng va duoc diéu chinh bai tong hop
cac yéu t6 vat ly, hda hoc, diéu hoa than kinh va noi tiét. Cac yéu té nay ciing véi co ché
truyén tin hiéu va phan tir dan dén sy tap trung hay phan tan cua té bao/bao quan chira
sac t6 [72]. Cac hormone sinh 1y lién quan dén thay doi sic t6 melanin & ca chi yéu la
MCH, MSH, ACTH va prolactin, ching lam dich chuyén va/hoic thay doi cu tric té
bao sic t6 théng qua diéu chinh chu ky cCAMP va Ca®* noi bao [119]. Than kinh giao
cam diéu chinh té bao than kinh & c4, giai phong noradrenaline, dong thoi qua trinh
phosphoryl héa va dephosphoryl héa lam gia ting su tap trung caa té bao sac t6 [180].
Kha nang thay d6i mau sac nhanh chdng caa ca duoc ting cuong khi tiép xdc vai nhiéu
dang mau nén khac nhau nhu di duoc ghi nhan trén mot sb loai ca [128]. Su phan bd
rong ciia melanophores va kha ning di chuyén nhanh ctia bao quan chua sic té ¢ ca cho

24



phép chang thay d6i mau sic nhanh chdng nham thich wng véi méi treong [22]. Thay
d6i mau sic sinh 1y ¢6 thé Ia tién dé cho thay d6i mau sic theo hinh thai, va cac yéu td
diéu hoa c6 thé tham gia vao ca hai co ché nay (Hinh 1.5) [180].

Sy thay d6i mau sic theo co ché sinh 1y ciing phu thudc vao kha nang phan quang
cua cac té bao sic td nhu iridophores trong qua trinh di chuyén. Nho dé, cic soc trén
dau ca dong co thé chuyén tir xanh duong sang do chi trong 0,25 gidy [126]. Khac voi
co ché chuyén vi hang loat cua bao quan sic té, su doi mau nay xuat phat tir sy thay doi
cach sip xép (Vé goc do hay khoang cach) cua cac tinh thé mau trong té bao, gay nén
hién tuong phan xa va giao thoa anh sang da sic [180]. Kiéu thay doi sic t6 nay duoc
bat gap trén nhiéu loai ca, pho bién nhat & nhirng loai c6 mau xanh duong trong ho ca
thia nhu thia xanh quy, thia 1a4 ma hay ca xiém nudc ngot, voi kha ning thay doi nhanh

chong gitra cac mau xanh ngoc, xanh duong va xam den [23].
1.4.4. CAC yéu té dnh hwéng dén mau sdc é ca
1.4.4.1. Thite an va dinh dwéng bé sung

Trong ty nhién, c& bién noi chung va ca canh bién noi riéng c6 thé ty do lya chon
cac loai thirc an phu hop cho timg giai doan phat trién. Tuy nhién, trong diéu kién nuoi,
ca hoan toan phu thudc vao ngudn thic in duoc cung cap, vén thuong kém da dang vé
thanh phan va thiéu hut dinh dudng, dic biét ddi v6i ca canh bién do thic dn chuyén
dung chua san co trén thi trudng va ngudi nudi van phai st dung thire an céng nghiép
ciia nhém cé bién 1am thuc pham, loai thire an vén thiéu hut sic té trong cong thire [40].
Sy thiéu hut nay khong chi anh huéng tiéu cuc dén sinh truong, ty 18 séng, kha nang dé
khang, ma con tac dong 16n dén mau sic da va ham luong sac td tich liy trong co thé cé
[60, 115, 172].

Carotenoids a mot nhém sic td hitu co tu nhién quan trong, bao gom hon 1.100
loai, dugc tim thay trong nhiéu loai thuc vat, nim, vi tao, dong vat khong xuong song
va mot sb loai ca [60, 172]. Trong nudi trong thay san, carotenoids dong vai tro thiét
yéu trong viéc cai thién mau sic, ting cuong suc khoe, kha niang sinh san va stc dé
khang cua vat nuoi. Chiing dugc chia thanh hai nhom chinh la xanthophylls (chira oxy)
va carotene (khong chua oxy), véi cdc dang khac nhau nhu lutein, tunaxanthin,
doradexanthin (mau vang); [B-carotene, zeaxanthin, canthaxanthin (mau cam);
astaxanthin va erichineon (mau d6) (Hinh 1.6) [123]. Trong nhitng thap ky gan day, viéc

st dung carotenoids trong thirc an thiy san da trd thanh maét linh vec nghién cu va tng
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dung quan trong, thu hit sy cha y dang ké cua cac nha khoa hoc, nha san xuat va ngudi
nudi trong. Nhiéu cong trinh nghién ciru da chi ra rang viéc bd sung carotenoids vao
thirc an c6 thé cai thién dang ké chat luong va gia tri thuong pham cia nhiéu loai ca,

tom, cua va dong vat than mém nuoi.
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Hinh 1.6: Thanh phén, cdng thic cAu tao ciia cac dang carotenoids [123]
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Hinh 1.7: Céac carotenoids chinh trong chudi thitc in ciia sinh vat bién [153]

Hau hét cac loai dong vat thay san khdng cé kha ning tu tong hop carotenoids de
novo, ma chiing phai phu thudc hoan toan vao ngudn cung cap tir thie an dé hinh thanh
nén mau sic dic trung cho loai (Hinh 1.7) [82, 123]. Cac ngudn carotenoids bd sung,
bao gom ca dang tu nhién va téng hop, hién dang duoc sir dung phd bién trong nudi
trong thuy san [60, 109, 115, 153, 172]. Nguén carotenoids tu nhién bao gom thuc vat
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(ca rdt, 6t do, gac, hoa ctc), dong vat (gidp xac, ca hdi, da gai, tring gia cam) va vi sinh
vat (ndm men, vi khuan, vi tao) [3, 17, 48, 153]. Uu diém ctia ngudn ty nhién 1a sin cd,
an toan sinh hoc va chira cac dang carotenoids hoat tinh cao, tac dong da chiéu dén stc
khoe tong thé caa dbi twong nudi. Tuy nhién, nhitng ngudn nay c6 nhugce diém vé ham
luong thép, khong én dinh, khoé khai thac, ché bién va chi phi cao. Trong khi do, nguén
carotenoids téng hop, chi yéu 1a astaxanthin va canthaxanthin, dwoc san xuat bang
phuong phap hoa hoc tir cac san pham hoa dau hoac 1én men vi sinh vat bién doi gen
[172]. Uu diém cua ngudn téng hop 1a do tinh khiét cao, on dinh, san cd trén thi truong,
dé sir dung, d& kiém soat ham luong va chi phi thap [109, 115, 172]. Tuy nhién, kha
dung sinh hoc caa ching thip hon, kém da dang vé thanh phan, khé gan két vao thic
an, dong thoi 6 thé gay lo ngai vé an toan sinh hoc, tinh bén viting va & nhiém moi
truong [12, 17]. Mic di carotenoids tong hop chiém ti 95% tong lugng trén thi trudng
thire an chan nudi do cac uu diém ké trén, nhung viéc nghién ciu va tng dung nguén
carotenoids ty nhién van nhan duoc sy quan tm sau sic tir gioi khoa hoc, lién quan dén
tac dong tich cuc da chiéu I18n sirc khoe vat nudi va con ngudi cling véi yéu td an toan
sinh hoc va phét trién bén virng. Cac quéc gia nhiét déi nhu Viét Nam ¢d tiém nang 1on
trong viéc khai thac cac ngudn carotenoids ty nhién tir sy da dang sinh hoc phong ph
(Bang 1.2).

Carotenoids 12 mot thanh phan dinh dudng dét do, do do, viée xac dinh ham lugng
t6i wu bd sung vao thire an 1a van dé dugce quan tam dic biét, bai né lién quan tryc tiép
dén hiéu qua st dung, chi phi san xuit va tac dong 1én dbi tuong ciing nhu méi trudng
nudi. Ham luong carotenoids bd sung vao thirc dn thuy san dao dong trong pham vi rat
rong, tir vai chuc dén vai chuc nghin mg/kg thire an, tiy thude vao lodi, giai doan phat
trién va muc dich str dung. Bén canh do, dic tinh cua carotenoids st dung bao gém
ngudn (tw nhién hay tong hop), dang bd sung (tinh chat hay bot thd nguyén liéu) va thoi
gian bd sung ciing 1a nhitng yéu t anh huong Ién dén ham luong thuc té va tiép can/kha
dung sinh hoc khi bé sung vao thirc an. Theo két qua tir cac nghién ctru da thyc hién,
ham luong carotenoids bo sung co su khac biét dang ké tly vao dang bé sung, dao dong
tir 15 - 35% d6i vai bot thd nguyén lidu va 0,01 - 2,0% ddi voi dang (béan) tinh chét [51,
57, 86, 109, 137]. Mirc d6 bd sung phd bién nhat vai dang tinh chat dao déng tir 50 —
400 mg/kg thirc an, vi mac thap hon & giai doan gidng va cao hon ¢ giai doan thuong
pham. Pham vi khao sat cling c6 su khac biét dang ké theo nhém c4, c6 thé lién quan
dén van dé suc khoe nguoi tieu dung. Cu thé, ham lugng nay thap hon ¢ nhom cé lam
thue pham (tir 2 — 200 mg/kg) va cao hon & nhdm cé canh (20 — 20.000 mg/kg thirc in)
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(Bang 1.3). Do d6, viéc xac dinh ham lwong tdi wu cho timg truong hop cu thé doi hoi
su hiéu biét sau sac vé nhu cau dinh dudng va dic diém sinh ly cua ddi twong nudi, cling
nhu sy ¢an nhic ky ludng vé hiéu qua kinh té va tinh bén viing.
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Hinh 1.8: Con dwong chuyén hoa astaxanthin ¢ ca bién [123]

Bén canh nguén va ham luong, thdi gian bo sung ciing 13 mét trong nhiing yéu t6
can phai xac dinh nhiam téi wu hoa hiéu qua bd sung carotenoids vao thirc an trong nudi
trong thuy san. Tuy nhién, viéc xac dinh thai gian bo sung téi wu cho timg ddi twong nudi
cu thé VAn 12 mét thach thirc va doi hoi nhiéu nghién ctru chuyén siu hon nita. Cho dén
nay, s6 luong nghién ctu chuyén biét danh gia tac dong cua thdi gian bo sung carotenoids
vao thirc dn cho ca noi chung va ca canh ndi riéng con rat han ché. Hau hét cac nghién
ctru déu thiét ké thoi gian cb dinh ngay tir dau va khao sat ham luong hay ngudn
carotenoids bd sung. Theo d6, thai gian bo sung trong cac nghién ctru nay dao dong tir
vai tuan dén toan bo chu ky nudi, tly thudc vao dic tinh cia ngudn carotenoids sir dung
(tu nhién hay tdng hop, tinh chat hay nguyén liéu thé va ham lwong bé sung), muc dich
st dung (mau sac hay stc khoe), dac diém sinh hoc cia déi tuong nudi (loai, giai doan)
va moi trudng nudi. Khoang thoi gian khao sat pho bién nhat 1a tir 8 — 12 tuan (Bang
1.3). Do su thiéu hut thdng tin vé thoi gian bd sung carotenoids, viéc nghién ctu yéu tb
nay Ia rat can thiét nham nang cao hiéu qua kinh té, ky thuat va méi truedng cia qua trinh
nudi ca canh ndi chung va ca khoang co6 nemo nai riéng.
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Bang 1.2: Mot s6 ngudn thue vat, ddng vat va vi sinh vt giau carotenoids

Nguén Ham lwong (mg/kg uét) Carotenoids chinh Ngudn tham khao
Thuc vat
Gac, Momordica cochinchinensis 741,4 Lycopene, B-carotene, a-carotene [3]
Rau muéng, Ipomoea aquatica 175,4 B-carotene, lutein, zeaxanthin [3]
Cai xanh, Brassica juncea 162,0 B-carotene, lutein, zeaxanthin [3]
Ca rét, Daucus carota 121,4 pB-carotene, a-carotene [3]
Rau hdng, Ocimum basilicum 88,4 [B-carotene, lutein, zeaxanthin [3]
Cai xoong, Nasturtium officinale 85,9 [B-carotene, lutein, zeaxanthin [3]
Cai bb xdi, Spinacia oleracea 72,6 [B-carotene, lutein, zeaxanthin [3]
Bi do/ngd, Cucurbita moschata 68,0 B-carotene, B-cryptoxanthin, lutein [3]
Dua héu, Citrullus lanatus 49,2 Lycopene, B-carotene [3]
Gt chudng, Capsicum annuum 24,9 B-carotene, capsanthin, capsorubin [3]
Khoai lang, Ipomoea batatas 14,7 B-carotene, lutein, zeaxanthin [3]
bong vat
V6 tdm he, Penaeus spp. 38-100 Astaxanthin, canthaxanthin [153]
Ca hdi, Oncorhynchus spp., Salmon spp. 1,3 -87 Astaxanthin, canthaxanthin [153]
Triing 6¢ BV, Pomacea canaliculata 313,5 Astaxanthin, canthaxanthin, lutein, B-carotene [143]
Tring ga, Gallus gallus localus 12,5 Lutein, canthaxanthin, 3-carotene [3]
Copepoda 400 —17.000 Astaxanthin, canthaxanthin, -carotene [153]
Trang cau gai 1.500 - 27.000 Echinenone, B-carotene, fucoxanthin, astaxanthin [48]
Artemia, Artemia spp. 42 - 220 Canthaxanthin, B-carotene, astaxanthin, lutein [107]
Khac
Tao do, Haematococcus pluvialis 5.010 - 40.000 Astaxanthin, 3-carotene [56]
Tao Spirulina, Spirulina platensis 2.000 —4.000 p-carotene, zeaxanthin, echinenone [56]
Tao Chlorella spp. 820-11.700 Lutein, B-carotene, violaxanthin, astaxanthin [56]
Vi khuan, Paracoccus spp. 50 - 400 Astaxanthin, canthaxanthin [145]
N4am men, Phaffia rhodomyza 10.000 Astaxanthin, B-carotene [82]
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Vai tro cia viéc bd sung carotenoids, dic biét 4 astaxanthin, vao thic an coa
dong vat thay san da duoc ching minh qua nhiéu nghién ciu. Tac dong tich cuc cua
carotenoids thé hién trén nhiéu khia canh, bao gém cai thién mau sic, thac day ting
truong va ting cuong suc khoe (Bang 1.3). Cu thé, viéc bd sung carotenoids tir cac
ngudn thuc vat (nhu 6t, ca rét, vi tao), dong vat (vo tdm) vao thac an da cai thién dang
ké sic té do, cam va vang trén da va co ctia nhiéu loai ca canh, ca lam thyc pham va
gidp xac [60, 109, 172]. Bén canh do, su b6 sung nay con mang lai nhiéu loi ich vé mat
sinh 1y va sinh hoa, nhu ting téc d6 ting trudng, nang cao ty 16 song & giai doan 4u
tring, cai thién hiéu qua st dung thire an, t6i wu hoa thanh phan sinh hoa co thé, ting
cudng hoat tinh cua cac enzyme tiéu hoa va cai thién cau trdc md hoc rudt & ca gidng
[19, 230]. Dac biét, carotenoids con dong vai tro quan trong trong viéc tang cuong suc
khoe tong thé cua ca thdng qua viéc nang cao céc chi tidu vé kha ning mién dich, kha
nang chong oxy hoa va kha ning chéng chiu véi cac diéu kién bat lgi ciia moi trudng
[114, 115]. Tuy nhién, hiéu qua cta viéc b sung carotenoids phu thudc vao loai, giai
doan phat trién va ché d6 b sung, do do6 can tién hanh nhitng nghién ctru cu thé trén

tirng ddi tuong nudi.

Mic du d3 c6 nhiéu nghién ciu vé tng dung cac ngudn carotenoids dé nang cao
chat lugng mau sic cua ca, sy hiéu biét vé co ché tiéu hoa, hap thu va chuyén héa loai
sac tb ndy & ca van con han ché (Hinh 1.8) [117]. Qua trinh chuyén hoa va hap thu
carotenoids trong cac mo cua ca khong tuan theo mot con duong chung [17]. Céc loai
c& khac nhau c6 kha nang tich lity, chuyén héa va hap thu carotenoids theo nhiing céch
thire riéng biét. Nham tang cuong hiéu biét va téi vu hoa hiéu qua 1én mau sic & nhiéu
dbi tuwgng nudi thuy san, can co thém cac nghién cau vé co ché chuyén hoa va hap thu
carotenoids, dac biét 1a viéc tng dung cac thanh tyu vé sinh hoc phan tir dang phat trién

nhanh chéng trong vai nam tr¢ lai day [104, 117].

Trong bdi canh ngdy cang quan tam dén viéc st dung cac ngudn carotenoids tu
nhién, san ¢ va gia ca phai chang dé cai thién mau sac va chat luong thit/triing cia dong
vat thuy san [60, 109, 172], viéc bd sung dudi dang (bé&n) tinh chat 13 mot hudng tiép
can day trién vong. Pang cha ¥, hau hét cac nghién ciru trude day da thuc hién bo sung
carotenoids dudi dang bot thd nguyén liéu v6i ham luong carotenoids thap (< 100

mg/kg), phuong phap nay ton tai nhidu nhuoc diém. Viéc bd sung bot thd vei ty 18 1on
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trong tong thanh phan nguyén liéu san xuat thic an (20 - 100%) c6 thé gay khé khan,
dan dén giam hiéu qua an moi, tiéu hda, hap thu coa ca va tiém an nguy co suy giam
chat luong nuéc [57, 195]. Nguoc lai, bd sung dudi dang (bén) tinh chat mang lai nhiéu
vu diém nhu tinh tién loi, don gian, hiéu qua va than thién voi moi truong. Do do, viéc
nghién ctu va tng dung cac ngudn carotenoids ty nhién dudi dang chiét xuét 1a mot
hudng di can thiét va hiéu qua nham khic phuc nhiing han ché ciia phuong phap bo sung

truyén thong hién nay trong nudi trong thay san.

Qua téng quan tai liéu, ching t6i nhan thiy nhiéu ngudn nguyén liéu tu nhién
giau carotenoid nhu tao do6 (Haematococcus pluvialis), tao spirulina (Spirulina
platensis), tao Chlorella (Chlorella spp.), nim men (Phaffia rhodozyma) va trirng cau
gai d3 duoc nghién ctu va cho thiy tiém nang 16n trong viéc cai thién mau sic caa ca
canh noi chung va ca khoang c6 nemo nai riéng (Bang 1.2). Tuy nhién, cin cir vao tinh
san o, su on dinh ctia ngudn cung, sb luong va gia ca thi truong thuan loi trong diéu
kién tai Khanh Hoa néi riéng va Viét Nam néi chung, ching tdi du kién Iua chon 4 loai
thuc vat (6t chudng, gac, ca rét, bi do) va 4 loai dong vat (vo tdm, copepoda, tring oc
buou vang, trimg ga) 1am d6i twong nghién ctu. Cac ngudn nguyén lidu nay ciing da
duoc ching minh 12 ¢é hiéu qua trong viéc cai thién mau sic & mot s6 nhom déi tuong
thiry san. Bén canh d6, viéc lya chon da dang cac ngudn nguyén liéu gilp danh gia toan
dién tiém niang Gng dung caa nhiéu loai nguyén liéu tu nhién giau carotenoids, mo ra
dinh huéng (ng dung da dang trong twong lai. Pong thoi, chung toi ciing tién hanh so
sénh hiéu qua trong viéc cai thién mau sic va ting truong cua ca khoang ¢ nemo khi
st dung cac ngudn carotenoids tu nhién so véi astaxanthin tong hop (Carophyll Pink,
DSM). Két qua so sanh nay sé& 1a co sé quan trong dé danh gia tinh kha thi cua viéc thay
thé carotenoids tong hop bang cac ngudn tu nhién, huéng téi muc tiéu tuyén chon dugc
ngudn nguyén liéu tu nhién ph hop, cd thé tng dung hiéu qua va tiét kiém vao san xuat,

dap (ng nhu cau thuc tién cua nguoi nudi c& canh.

Trong nghién ctiu ndy, ching t6i lya chon ham Iuwong bo sung ban dau la 250
mg/kg thtrc an cho tat ca cac ngudn nguyén liéu thuc vat va dong vat. Mac ndy nam
trong pham vi pho bién (50 - 400 mg/kg) dugc 4p dung cho dang tinh chét carotenoids
trong cac nghién ctu khao sat, lya chon nguyén liéu truéc ddy trén nhiéu loai ca, ca

nhém lam thyc pham va ¢4 canh (Bang 1.3), dam bao cung cép du carotenoids trong khi
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van thé hién dugc kha ning cai thién mau sic. Sau khi xac dinh dugc ngudn thuc vat (6t
chudng) va dong vat (vo tdm) thich hop nhat, ching tdi tién hanh khao sat pham vi rong
hon (0 - 1500 mg/kg véi 6t chudng va 0 - 1000 mg/kg véi vo tom) dé xac dinh ham
lwong téi wu. Pham vi nay bao quét gan nhu toan bo cac muc bd sung da dugc cong bd
trén c4 canh (Bang 1.3), giup 1am rd xu huéng dap tng theo liéu luong va xac dinh diém
can bang téi wu gitra hiéu qua sir dung va chi phi. Ngoai ra, viéc lya chon pham vi khao
sét rong hon cho ngudn thyc vat so véi dong vat dua trén co sé khoa hoc vé hiéu qua va
chi phi thap hon ctua nguén B-carotene (tir 6t chubng) so véi astaxanthin (tir vo tom)
tirng duoc dé cap trong cac nghién ctu trude day [51, 195, 222], 1a mot can nhic hop Iy
va co cin cir dé dam bao hiéu qua kinh té va ky thuat. Vé thai gian bé sung carotenoids,
ching tdi lya chon 75 ngay, nam trong khoang pho bién nhat (8 - 12 tuan) di duoc &p
dung trong cac nghién ciu tuong tu (Bang 1.3). Thoi gian nay du dai dé carotenoids
phat huy tac dung lén mau sac va cac chi tiéu sinh ly, sinh hda & ca khoang ¢ nemo,
ddng thai phil hop véi chu ky wong tir con gidng téi khi dat kich ¢ thwong mai cung
cap cho thi truong cua loai ca nay, gitp téi vu hoa viéc st dung carotenoids trong thuc
tidn san xuat. Viéc lya chon nguyén liéu, ham lwong va thoi gian bd sung dua trén nén
tang khoa hoc vitng chic va dinh huéng ung dung cao, s& cung cap nhirng théng tin
quan trong cho viéc st dung hiéu qua cac ngudn ty nhién giau carotenoids trong nudi ca

canh néi chung va ca khoang c6 nemo nai riéng.
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Bang 1.3: Nghién ciru bo sung carotenoids vao khau phan an cia mgt so loai ca

Tén tﬂgg:i(fgl’ ten Nguon, lwgng (mg/kg), thoi gian Téc dong/két qua thlzjliulgllllz’io
Ca khoang co nemo, Ot chudng, 20.000; 60 ngay Néng cao ting truong, mau sac da (do, vang), ham lugng carotenoids [57]
Amphiprion ocellaris tich lily; khong anh huong dén higu qua sir dung thiic an, thanh phan

sinh héa co thé, hoat tinh enzyme tiéu hoa.
Astaxanthin, lutein, 5.000 — 15.000; Astaxanthin hiéu qua hon so v6i lutein va ddi chig trong ting [51]
80 — 90 ngay cuong do do mau da va ham lugng carotenoids tich lliy trén da; tang
truong va hiéu qua sir dung thirc an khong c6 sy khac biét.
Astaxanthin®, 90 — 270, 56 ngay Tang do d6 mau da c4 theo murc ting cua ham lugng bo sung; ting [175]
truong khong cé su khac biét.
Astaxanthin®, B-carotene”, Astaxanthin 1am ting d6 d6 mau da, ham luong astaxanthin trén da [222]
canthaxanthin®, 20 — 100; 56 ngdy ~ cé; B-carotene va canthaxanthin khong anh hudng dén 46 d6 mau da.
Astaxanthin®; 40 — 160; 90 ngay Tang cudng mau sic da, ham lugng carotenoids tich liy. [88]
Spirulina platensis, 15 — 30% Naéng cao ting truong va 6 d6 mau da so véi d6i ching; TAN giam [83]
12 tudn khi ting ham luong Spirulina bo sung.
Ca dudi kiém, [-carotene (ca rot, cai bo x01); 200  Téang cudng mau cam, dé trén da c4; ca rot tdng mau do, cai bo x01 [207]
Xiphophorus helleri — 300, 35 ngay tang mau cam.
Ca dia, Astaxanthin®; 50 — 400 Ham luong cao giam ting truong, hé s6 FCR; khi ting ham lugng va [183]
Symphysodon spp. 8 tuan thoi gian bo sung, ty 1é tich lity astaxanthin giam dang ké du kha
ning chéng oxy héa ting; mirc khuyén nghi 200 mg/kg thirc an.
Ca dottyback, H. pluvalis, Astaxanthin®, 25— 100  Ca hai nguon déu ting cudng mau sic da; nguon tu nhién tot hon tong [96]
Pseudochromis fridmani 70 ngay hop.
Ca chép ko, S. platensis, 2,5 - 10% Tang trudng cua ca & muic bd sung 7,5 va 10% > 2,5%; d6 d6 mau [19]
Cyprinus carpio 8 tuan da, ham lugng carotenoids tich ity trong da tang theo ham lugng tdo
b6 sung; hoat tinh protease, lipsase va amylase & nhém b sung 10%
> d6i ching; hoat tinh enzyme trong gan giam theo muc ting cua
luong tao bo sung.
Carotenoids, 10 — 30; phycocyanin ~ Carotenoids cai thién mau sic, phycocyanin cai thién ting truéng. [157]
100 — 300 tur S. platensis; 90 ngay
Cd hong két, Cichlasoma ~Astaxanthin®, H. pluvalis, p- Astaxanthin hi€u qua hon B-carotene giup ting mau da, ham lugng [147]

citrinellum

carotene” 80 — 160
8 tuan

carotenoids tich llty; sy tich lily c6 su khac nhau gilra cac bd phan cta
co thé, cao nhat ¢ tuyén sinh dyc, vay va da.
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Ca vang, Carassius
auratus

Chlorella vulgaris

Astaxanthin®, 45 — 120, 5 tuan

Tang cudng mau sac da ca; khong anh huong dén ting truong va hé
s6 FCR.

[80]

Cd hoi vin, Astaxanthin®, 40 — 200 Néng cao ting truong, ty 18 sdng; ting kha ning chdng oxy hoa, dap [60]
Oncorhynchus mykiss Astaxanthin, 40 — 100 g mién dich; ting ham lugng astaxanthin trong huyét thanh, da va
10 — 16 tudn co; cai thién mau sic da va co.
Astaxanthin”, 0 — 125 mg/kg; 9 tuan Ham luong 25 - 75 mg/kg ting cudng niém mac rudt, kha ning tiéu [130]
hoa, hip thu cia rudt; ting cuong kha nang chong oxy hoa va mién
dich. Mirc bd sung qué cao (125 mg/kg) 1am giam ting trudng.
Lucantin Pink 0,1% (LP) Do do va ham luong asxanthin tich ity trong thit ca & nhoém cho an [230]
Carophyll Pink 0,1% (CP) astaxanthin tong hop (LP, CP, EP) cao hon ty nhién (PR, HP); b
Essention Pink 0,1% (EP) sung EP c4 ting trudng tot nhat; bo sung astaxanthin cai thién hinh
Phaffia rhodozyma 1% (PR) thai rudt va ham lugng protein tho tich Iily; gidm cholesterol toan
Haematococcus pluvialis 1% (HP)  phén, hoat tinh ALT, AST trong huyét tuong; hoat tinh chng oxy
56 ngay hoa va mién dich tu nhién (lysozyme, bd thé) duoc ting cuong, cao
nhit & nhom bo sung HP.
Cd hoi Pai Tay Duwong,  Astaxanthin®, 2,1 - 50 Tang cudng mau hong, do trén da, thit; ting ham luong astaxanthin [60]
Salmo salar Astaxanthin, 84,2; 15 tuan tich lily trong da va co;
Catrap, Astaxanthin®, 25 - 50 Astaxanthin tang cuong d6 d6 mau da, ham lugng carotenoids tich [43,191]
Pagrus pagrus Astaxanthin, 40 — 3.300 lay trén da ca, twong duong ca ty nhién; B-carotene, canthaxanthin va [97]
B-carotene, lycopene 100 lycopene khong c6 tac dung dang ké. Cac chi tiéu ting trudng, sinh
canthaxanthin 40 - 100 hoa khong bi anh hudng.
10 — 25 tuan
Ca du vang lon, Astaxanthin®, 37,5 - 75 Tang cudng mau vang cua da ca, tang ham lugng carotenoids tich liy [223]
Larimichthys croceus Xanthophylls®, 37,5 - 75 trong da; khong anh huong dén ting truong.
9 tudn
Ca bon vi, Paralichthys ~ Astaxanthin®, astaxanthin, 100 — Tang cudng mau sac da; tang kha ning chong oxy hoa. [154]
olivaceus 200; 8 tuan
C4 mua chim bé, Astaxanthin®, astaxanthin (H. Nang cao tang truong, ting cuong do do va vang mau da ca; [229]
Plectropomus leopardus  lacustris), 200; 14 tuin Astaxanthin ty nhién hiéu qua hon tong hop; xac dinh duoc cac gen
lién quan dén mau séc.
C4 diéu hong, Astaxanthin”, paprika, capsicum, 40 Ting trudng, FCR t6t phét & nhom bd sung paprika; tat ca cic nguon [224]

O. mossambicus

— 60; 45 ngay

déu tang cuong mau sac cua ca so voi doi chirng.

“nguon tong hop
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1.4.4.2. Moi truong, sinh thai

Mau sic cia ca khdng chi 1a yéu té tham my, ma con 1a chi thi sinh hoc quan trong
phan anh nhiéu khia canh caa sinh 1y va tap tinh lodi. Mau sic duoc chia thanh mau tinh
va mau dong, mdi loai phuc vu cac chirc ning riéng biét va dugc kiém soat boi co ché
phtc tap [180]. Mau tinh mang tinh di truyén, thé hién dic diém nhan dién loai va it bién
ddi trong ngan han. Nguoc lai, mau dong thé hién su thay d6i mau sic linh hoat do tac
dong cua yéu td moi trudng, dinh dudng hoic bién d6i ndi tiét, thong qua hoat dong cua
c4c té bao sic td [187]. Su két hop giita mau tinh va mau dong tao nén hé théng théng tin
da chiéu, gilp ca giao tiép, nguy trang, thu hit ban tinh, hoac thich tng véi méi truong
sbéng [72, 180]. Nhiéu nghién ctru da chi ra sy anh hudng dang ké caa cac yéu tb sinh théi
va moi trudng 1én biéu hién mau da va sy tich liy sic té ¢ nhiéu loai ca [172].

Mau Sdc Ciia méi trieong nudi:

Cé c6 kha nang thich nghi v6i su thay doi cua anh sang va mau sic méi truong
thong qua do nhay thi giac, cac té bao cam thy, sic to thi giac va protein opsin (cac protein
cam quang trong té bao hinh nén va hinh que caa mat) [119, 180]. Két qua nghién ctu
trén hau hét cac loai ca nudi hién nay chi ra rang chung déu c6 thé phan biét va cam nhan
duoc sy thay d6i mau sic ctia méi trudng. Tac dong caa mau sac bé 1én ca da duoc nghién
ctu tir dau thé ky XX va ngay cang duoc xem Xét & cip do chuyén sau hon, bao gdm qué
trinh tién hoa, biéu hién hanh vi, sy thay ddi vé mat té bao va ciu trac phan tir [128].
Nhiing nghién ciru nay dong vai tro quan trong trong viéc téi uu hoa diéu kién nudi va

nang cao chat luong, gia tri thwong pham caa san pham ca nudi.

Trong nhiéu thap Ky qua, hon 10 tng mau véi cac cuong do dam nhat khac nhau
da dugc thir nghiém trén nhiéu dbi tuong nudi nham xac dinh anh hudng caa ching 1én
mau sic, sinh trudng, ty 16 séng, tap tinh, hiéu qua st dung thirc an, thanh phan sinh hoa,
enzyme tiéu hoa va cac chi sé suc khoe/cang thang ¢ c4. Cac mau duoc khao sat bao
gom: mau den, mau trang, mau xanh (bién, 14 cay, 1a cay nhat - dam), mau xam (nhat,
than, dam), mau trong sudt, mau nau, mau do, mau vang, mau hong, mau cam, mau be
va mau hat dé [109, 128].

Nghién ctru chi ra rang mau sac hé théng nudi co thé tac dong I1én sy thay doi
mau sic da hoic co thit cua ca theo hai cach: tam thoi (sinh ly) hoac 1au dai (hinh théi)

[119, 180]. Xu hudng chung cho thiy mau tring/vang 1am ting do sang, trong khi mau
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den/nau/xam 1am ting d6 t6i mau, va cac mau con lai nhu do/xanh lam ting cac sic
do/cam/vang. Cu thé, nudi ca vang va ca khoang c6 nemo trong bé mau trang 1am mau
C& tré nén nhat, tring, sang hon thay vi dé/cam/vang, dan dén giam gi tri thuong mai
[51, 62, 139, 221]. Cac bing ching cho thy co ché diéu khién mau séc lién quan dén
su thay d6i ndng do cac hormone nhu ir-MCH va a-MSH [128, 133]. Nhiing phat hién
nay mé ra hudng nghién ciru méi vé mdi quan hé phuc tap gitta méi traong, noi tiét th
va biéu hién mau sic ¢ ca.

Bén canh tac dong Ién mau sic, mau bé ciing anh hudng dén mét sb chi tiéu khac.
Két qua quan sat cho thdy bé mau den va nau lam ting ty 1& an nhau (véi c& nhd), cin
nhau (v&i ca 16n) va hanh vi tu dan. Ngoai ra, bé mau den gitp giam hé sé thirc an, tuy
nhién, cling voi bé mau do, chdng lai 1am ting cac biéu hién cing thang & mot s6 loai
c4. Cac két qua ciing chi ra ring mau sic bé it anh huong dén sinh truong va ty 1é séng
cua ca. Tong hop cac nghién ciu cho thdy cac chi tiéu vé sinh truang, ty 1é song, hiéu
qua str dung thirc dn, mau sac da, ham lugng sac té tich lity va cac chi tiéu cang thang &
ca duoc nudi trong cac bé mau xanh thé hién xu hudng tét hon so voi cac mau sac con
lai [128]. Két qua nay goi Y rang viéc sir dung bé nudi c6 mau xanh co thé 1a hra chon

t6i wu cho cac trang trai san Xuat ca thuong pham.

Nghién ctru V& tac ddng cua mau bé (tring, xanh 14 ciy, xanh duong va do) 1én
cé khoang c6 nemo da chi ra rang méi trudng nudi ¢ mau xanh duong hoic xanh 14 cay
lam tang cuong cac tong mau cam do6 trén da ca, trong khi nén trang lai co xu hudng
lam tang tong mau sang va giam do bdo hoa mau sac [51, 221]. Tuy nhién, nghién ciu
nay VAn ton tai mot s6 han ché dang luu y. Thiz nhdt, viéc sir dung phuong phap phan
tich hinh anh don gian thay vi céc thiét bi do mau chuyén dung voi hé théng mau da
chiéu (Xem thém Muc 1.4.5) cd thé dan dén két qua chua phan anh chinh xac va toan
dién sy thay d6i mau sic trén co thé ca. Thi hai, ham lugng carotenoids tong sé tich liy
trén da, co hay than ca chua dugc xac dinh, gay kho khin cho viéc 1am sang to co ché
sinh Iy dang sau sy thay doi mau sac. Cudi cing, cac chi tiéu quan trong nhu sinh truéng,
ty 1& séng, hiéu qua st dung thirc an, thanh phan sinh hoa, hoat tinh cua enzyme tiéu
hoa, mic d6 cing thang... chua dugc danh gia day du, dan dén sy thiéu hut co so dé
dua ra két luan toan dién vé& anh huong cua mau sic méi trueong 1én ddi trong nudi. Vi

vay, Vviéc tién hanh cac nghién ctiru bd sung la can thiét nham khic phuc nhiing han ché
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trén, tir d6 1am rd tac dong da chiu va co ché chi tiét cia mau sic méi trudng nudi 1én

cac dic tinh sinh hoc, sinh Iy va kha niang thich nghi cua ca khoang co nemo.

T6m lai, mau sic mdi trudong nudi déng vai trd quan trong ddi véi ¢ canh, cd
anh huong sau sic dén nhiéu khia canh nhu mau sic, sinh truéng, ty 1¢ sdng, tap tinh,
hiéu qua sir dung thirc an, thanh phan sinh hoa, hoat tinh enzyme tiéu héa va cac chi sb
stc khoe/cang thang. Tuy nhién, mutc d6 tic dong cua mau sic 1én ca thé hién su khac
biét dang ké tly thudc vao loai, giai doan phat trién, ciing nhu ¢6 su tuong tac phic tap
VGi Cac yéu té moi truong va dinh dudng khac. Pic biét, anh huong cua mau sac moi
truong wong (¢ giai doan ca bot) 18n sy phét trién sau nay (¢ giai doan ca giéng) thuong
thé hién rd nét hon so vdi cac giai doan khac. Vi vay, viéc lya chon mau sac bé nudi hop
ly cho timg loai, giai doan cu thé cling véi su thau hiéu sau sic vé co ché sinh Iy caa su
thay d6i mau sic & ca 1a yéu td quan trong gitp ngudi nudi téi wu hoa sy phét trién, suc

khoe va nang cao gia tri thwong mai cua ddi tuong nuoi.
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Bang 1.4: Anh hwéng ciia mot so0 yéu to méi trrong nudi Ién mét so loai ca, tom

Tén thwong goi, tén

Mau bé, thoi gian

Tac dong/két qua

Nguﬁn tham

khoa hoc khao
Mau nén, mau bé
Cd khoang c6 nemo, Trang, xanh 14, xanh Mau xanh 14, xanh dwong va do ting cuong mau dé, cam so véi mau trang. [221]
Amphiprion ocellaris duong, do; 4 tuan
Nér} trér}g, den va dén C4 & bé den c6 mau da do dam, soc den 10 rang; ca ¢ bé trzflng c6 mau da hoi [51]
chiéu trang va dé vang, soc den mo; anh sang dén chiéu khong anh hudng dén mau sac co the.
Cd khoang c¢6 dé, Trang, vang, xanh duong, Ty 1 bién thai cao hon & bé den so véi cac bé con lai; bé trang 1am ting ham [55]
Amphiprion frenatus den; 61 ngay luong cortisol toan than.
Cé da tron, Clarias Trang, xanh l4, xanh‘ Tang trudéng cao nheftt o bé trang, SR cao nhét o pé den voi Clarias magur. [70]
maaqgur, Pangasius duong, do, den; 4 tuan Téang truong cao nhat ¢ bé den, SR cao nhat ¢ bé xanh 14 vdi P. pangasius.
pangasius
Ca chép koi, Tring, vang, xanh duong, ~ Khong dnh hudng téng trudng, SR; FCR thip nhit & bé xanh dwong; ham [58]
Cyprinus carpio dé, den; 8 tuan lugng cortisol cao nhat & bé do.
Tring, xanh, den; 14 tuan ~ Ca & bé tréng tang tredng nhanh hon, FCR va ham luong cortisol huyét [148]
twong thdp hon so v&i ca & bé den. Ca & bé den ¢o h‘pld trong gan thap hon,
lipid trong huyét tuong cao hon so Vi ca trong bé trang va xanh.
Camdang, Chanos chanos — Trang, vang, xanh duong Tang truong, SR cao nhét & bé vang. [26]
Cavang, Tréng, xanh duong, do, Tang truéng cao hon & bé trang, cortisol huyét twong cao & bé do; lysozyme [62, 133]
Carassius auratus den; 3 - 8 tudn huyet tuong & bé trang, den gap doi bé do, xanh; ca nhat mau trong bé trang
Cd hoi vin, Tring, xanh duong, den; 77 Ting trudng cao nhit & bé trgng = xanh duong > den; FCR bé den < xanh [149]
Oncorhynchus mykiss ngay duong = trang; protein co thé cao nhat ¢ bé trang = xanh duong > den.
Xam nhat, xanh 14, xam Tang trudng cua ca ¢ bé mau be > xanh 14 = xam nhat > xam dam; FCR, CF [199]
dam, be cua ca khong khac biét.
Cd hoi PTD, Salmo salar ~ Xanh 14, xAm nhat Tang truong khong khac biét; ca ¢ bé xam thich ing v6i nude ngot tot hon. [128]
Ca doi méi mong, Trang, trong, vang, xanh 14, Tang truong va FI tot nhat 0 bé trong sudt, vang, trang; SR cao nhit & bé [59]
Liza ramada xanh duong, do, den trong suot va trang, kém nhat ¢ bé den; thanh phan sinh hoa khong khac biét.
Catrap, Trang, d6, den Do sang da cao hon & bé trang; d6 do da cao nhat ¢ bé d6; Khong khéac vé [201]

ham lugng cortisol, glucose va a-MSH.
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Pagrus pagrus

2 tudn

Cd chém, Trang, trong sudt, xanh 14,  Tang truong t6t nhat ¢ bé xanh 14, trong subt, thap nhit ¢ bé xanh duong, [171]
Lates calcarifer xanh duong, do, den; 10 den; FCR tot nhat ¢ bé den = trang = trong sudt, kém nhat & bé xanh duong.
tuan
Ca ngua, Tréng, trong sudt, xanh 13,  Khong khéc biét vé ting truong, SR. [91]
Hippocampus spp. xanh dlIO'Ilg, cam, dé, den;
15 ngay
Cda bon vi, Paralichthys Trang, xanh l4, xanh dwong, Tang trudng 6 bé tring > cac bé con lai; d6 sang mau da cao nhat [y bé tring, [93]
olivaceus vang, xam nhat. thap nhit & xanh duong; NPY va MCH mRNA ctia ndo ca & bé trang va xam
> C4cC bé con lai, mMRNA POMC nio ca & bé xanh duong/1a > cac bé con lai.
Cd bon chdu Au, Trang, hong, d6, xam nhat, Téng truong, F1, cao nl;at & bé xanh duong va tring; ca hoat dong tich cuc o [113]
Scophthalmus maximus nau, den bé trang, kém nhat & bé den.
Cd sdc ran, Trang, xanh 14, xanh duong, Tang trudng cao nhét ¢ bé xanh duong; FCR & bé xanh dwong < den; ham [138]
Trichopodus pectoralis do, den; 8 tuan lugng glucose mau cao nhat ¢ bé den; mau sac binh thuong ¢ bé xanh
duong
Cda mii cham do, Tring, xanh 14, xanh duong, An moi va tang truong tt nhat 4 be vang, thap nhat & bé xanh va do; ty 1€ [174]
Epinephelus akaara vang do, den song cao nhat & bé vang va trang, thap nhit & xanh va do.
Cda mii chdm cam, Tréng, xanh duong, den Khong khac biét vé SGR, CF, SR, thagh phan sinh hoa, cortjsol h}lyét tuong; [74]
Epinephelus coioides 60 ngay FI cao hon, FCR V’él PER thﬁp hon & bé xanh duong; VSIvthép nhat,
hematocrit cao nhat ¢ bé trang; glucose mau cao hon ¢ bé xanh duong.
Cacam, Trang, xanh 14, den Khong khac biét vé tdng truong; SR cao nhit & bé tring; Murc do biéu hién [198]
Seriola dumerili gen (mRNA) cua cac yéu t tang truong IGF-1, Il va BP 2-5 cao hon & bé
trang
Ca mua chiam bé, Trang, trong sudt, xanh Da ca do trong bé trang, den trong bé den; melanin, tyrosinase va a-MSH [181]
Plectropomus leopardus ~ duong, do, den; 8 tuan cao nhét trong bé den; carotenoids cao o bé do/trang, lutein cao & be trong
sudt; biéu hién gen scarbl cao nhit & bé xanh/trang, thip nhit ¢ bé den.
C4 diéu hong, Trang, xam nhat, den Ham luong hic to trén da ca & bé den cao hon bé tring (43% s0 vai 10%); [202]
O. mossambicus 25 ngay khong khac biét vé ham lwong aMSH trong huyet tuong va tuyen yén.
Ca&ro phi, Xanh duong nhat/dam, Tang truéng, FCR khong khac biét; SR & bé xanh duong nhat cao hon; phan [129]
Oreochromis niloticus xanh 14, do, den; 9 tuan ung cortisol thap nhat & bé dé cao nhat & cac bé xanh.
Xanh duong, trong , den SGR, SR, FCR cao nhét & bé xanh, thip nhat ¢ bé den, CF khong khéc. [144]
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Anh sang, nhi¢t d9, 49 min

C4 khoang ¢6 nemo, 20 —3.500 lux; 5 tuan Toan than sang hon & cudng do anh sang thap; mau cam trén cic vy ting [220]
A. ocellaris 1én theo cuong dd anh sang; khong khac biét vé ha lugng -carotene.
Cé thién thin duoi vang, 250 —2.000 lux; 120 ngdy ~ Tang truong, SR va FCR ot hon & cudng do anh sing thap (250 — 500 lux) [161]
Apolemichthys xanthurus so v&i cac nhom con lai; khong khac bi¢t vé ham lugng carotenoids tich Iity.
Ca khoang c6 den dudi Anh sang tu nhién, nhan Tang trudng, mau sic tot hon & cuodng do anh sang cao; cuong d anh sang [200]
vang, Amphiprion clarkia  tao (2.700-3.500 lux); 60 cao lam tang su twong phan mau sac (den, cam, nau) trén co thé ca.

ngay
Céa molly cam Chu ky chiéu sang (L:D): Da c4 sang hon, carotenoids tich lliy cao hon, cac chi s6 huyét hoc tdt hon & [232]
Poecilia sphenops 18:8,12:12,10:14; 60 ngay  ché do chiéu sang dai; ty 1¢ song, mirc d6 cang thang khong bi anh hudng.
C4 tetra vay budm, Mau dat: day cat, day dat Ca thay d6i mau sic nhanh chéng & noi c6 moi trudong mau nén tuong phan [155]
Crenuchus spilurus sét, la cay cao dé thich ing vdi kha nang san moi.
Ca vang, C. auratus 22, 24, 26, 28, 30°C Mau sic dat duoc tot nhat ¢ nhiét d6 26 - 30°C. [80]
Ca diéu hong, 121.:12D, 18L:16D, Tang thoi gian chiéu sang (24L:0D) néng cao tang trudng va ham luong - [176]
Oreochromis sp. 24L.:0D, 90 ngay carotene tich Ity cao hon, cé it dom den hon.
Ca r6 phi, 0 va 25%o; 3 thang Sau 1 thang, chiéu dai va dién tich co thé ca & do min 25%o < 0%o; ca ting [13]
O. niloticus truong bu khi nudi trd lai 0%o; ty 1€ song va mau sac khong khac biét.
Ca bong, 18 va 28°C Mau cé nhat, c¢6 nhiéu ddm & nhiét d6 thap; da ca sim mau ¢ do mdn thap [65]
Bathygobius soporator 8,5, 17,0, 25,5 va 34%o kém nhiét d6 cao, nhat mau ¢ Ao man cao kém nhiét do thap.
Ca Antarctic 26,28,30,32,34,36,38% Mau sic ca c6 xu huéng chuyén tir nhot nhat sang t6i mau tuong tng véi [66]
Notothenia gibberifrons, mure tang dan cua do man.
Trematomus newnesi
Luon thily tinh, 0,4-20,1°C Nhiét do dugc 1am tang nhanh qué trinh sic t6 héa, trong khi ¢ min dong [36]
Anguilla anguilla 0—29,2%o vai tro thur cap lam cham qua trinh nay.
C4 chét soc, 0 va 10%o, 3 thang D6 man cao va bién dong d6 man lam mau ca trd nén nhat, m¢ va xin hon so [160]
Mystus vittatus v61 nhom doi ching (0%o).
Tém sq, 12 loai khoang chat Thiéu hyut hay mét can bang khoang chit giy mat, bat thudng sic té/mau sic [197]

Penaeus monodon

& tom st (mau nau do, toi, nhot nhat); xuét hién hoi ching co rat dudi, bénh
meém vo, 10t xac bat thuong.
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Anh sang (mau sdc, cuong dé, chu ky chiéu sang):

Anh sang, bao gém phd mau, cudng d6 va chu ky chiéu sang, 6 anh huong dang
ké dén hoat dong séng va mau sac cua ca (Bang 1.4). Kha ning cam thu anh sang cua
c4 thay ddi theo loai, giai doan va loai &nh sang théng qua céac té bao cam thu ¢ mat va
tuyén ting [32]. Té bao sac té cua ca cd thé phan ang truc tiép vai anh sang toi, theo co
ché doc 1ap hodc dudi sy kiém soat caa qué trinh noi tiét, va qua trinh nay tham chi c6
thé quan sat thay tir giai doan phoi [72]. Khi duoc chiéu sang, cac protein cam thy anh
séng hinh ndn (opsin) xuat hién trong cac té bao sic td, dan dén sy ting cudng tap trung,
phan tan hat sic t6 hozc sap xép lai cau tric ty thudc vao thoi gian tiép xdc voi cac
budc s6ng nhét dinh [45, 100]. Ngoai tac dong truc tiép, anh sang con anh huong dén
sac to cua ca thong qua co ché lién quan dén hé than kinh va nai tiét. Vi du, anh séang
xanh 1am mau do cua ca trdp nhot nhat hon do sy thay doi vé ham lwong melanin, a-
MSH va cortisol trong huyét tuong, dong thoi thuc day su phan tan hat sic té melanin
va tang cuong sinh tong hop MCH & ¢4 bon [188, 219].

Trong nudi ca canh, dén chiéu Ia thiét bi quan trong gitp ting tinh thim my va
tac dong tich cuc dén sinh truong, mau sic va chi tiéu sinh Iy caa ca. Nghién cau cho
thdy 4nh sang LED mau xanh duong va xanh 14 ciy gitip ca khoang c6 cam va den dubi
vang dat dugc ting truong, hiéu qua st dung thirc dn, mau sic tot hon va giam cing
thang so véi anh sang trang hozc do [142, 178]. Tuy nhién, véi ca khoang c6 nemo, dinh
dudng va mau bé lai cé tac dong rd rét hon so voi anh sang [51]. Cudng d6 &nh sang va
chu ky chiéu sang ciing anh huong sau sic dén mau sac va cac chi tiéu khéac caa ca. Anh
sang yéu lam co thé ca khoang c6 nemo séang hon trong khi anh sang manh ting cuong
mau cam trén than ca [220]. Chu ky quang tac dong lén hé noi tiét, lam thay d6i ham
lwong melatonin trong té bao, qua d6 anh hudng dén mau sic ca [205]. Au tring ca bon
nudi ¢ diéu kién chiéu sang lién tuc cd ty 1é sac té bat thudng cao hon va mau sic nhot
nhat hon so v&i ché do chiéu sang ty nhién do sy tich tu a-MSH trong té bao
melanophore [94]. Viéc kéo dai thoi gian chiéu sang phu hop ciing ¢6 thé 1am ting do
sang mau da & mot s6 loai ca [76] (Bang 1.4).

Céc yéu to khac:

Mau sic ca bi anh huong boi nhiéu yéu té nhu nguy trang, bat chudéc, sinh san,
chuyén d6i gi6i tinh va tuong tac xa hoi (Bang 1.4). Pé thich nghi, mot s loi ca sir

dung chién lugc nguy trang bang cach hda nhap véi mau nén, tao bong mo, trd nén trong
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suét hoic thay ddi cac dudng va dém trén than [180]. Chién lugc bat chudc hinh dang,
mau sic caa cac loai khic ciing 14 mot cach nguy trang hiéu qua [163]. Mau siac khac
biét gitra con duc va cai dong vai tro quan trong trong sinh san, viéc thu hat ban tinh va
de doa ddi tha. O nhiéu loai, con dyuc thuong c6 mau sic sic s& hon con cai [105]. Su
khac biét vé md hinh mau sac c6 thé giai thich cho hanh vi két doi va hung dir & mot s6
loai. Mau sic con phan anh tha bac, cau tric xa hoi trong quan dan. Céc ca thé yéu thé
chiu cang thang do tinh hung hiang cua cé thé thong tri, din dén hién twong sam da, téi
mau [90]. Su thé hién mau sic lién quan dén vi tri thdng tri x& hoi va hanh vi danh dau
I&nh thd [15]. Tuong tac xd hoi, hanh vi cua ca trong quan dan ciing dugc cho 1a ¢6 lién

quan dén mau bé nudi [90, 131].

MBoi trudng nudi nhdt khac biét dang ké so vai moi truong ty nhién, gay anh huong
sAu sac dén sinh ly, hanh vi va mau sic ¢4 [62, 172]. Cac thao tac chim soc, quan Iy hang
ngay va sy thay doi cac yéu té méi truong nudc déu tac dong truc tiép hoac gian tiép 1én
trang thai sinh ly, stc khoe va su biéu hién cua cac té bao sac t [173]. Bén canh do, qua
trinh thu hoach ciing gay anh huong khéng nho. Nhiét do cao 1am két tu va nhiét d6 thap
lam phan tan cac nhiém sic thé [72, 80]. Nhiing thay d6i moi truong nudi cd thé gay ra
tinh trang cang thang cap tinh hodc mén tinh & ca [173]. Trong tinh trang cing thang, c&
tiét ra luong 16n catecholamine va cortisol, gay anh huong truc tiép dén mau sic, dan dén
hién tuong sam da hoac nhot nhat tly theo loai (Bang 1.4). Tinh trang cing thang kéo
dai con anh huong tiéu cuc dén hé vi sinh vat duong rudt va cac hoat dong sinh ly, than

kinh, nai tiét, tham chi cd thé gy ra chung réi loan sic té & mot sé loai ca [205].
1.4.4.3. Di truyén va chon giong
Co s¢ di truyén, cdc gen quy dinh vé mau da ca:

Di truyén & ca, bao gom tinh trang s6 luong va chat lwong, da duoc nghién cau
va ung dung trong lai tao, chon gidng [119]. Mau sic & ¢4 tuan theo quy luat di truyén
tinh trang chét luong, c6 co ché phirc tap, do mot hay vai gen quy dinh trén nhiém sic
thé thuong hoac nhidm sac thé gidi tinh. Cac gen nay mang tinh troi, lan hodc tuong tac
theo nhiéu quy luat di truyén [101]. Co ché di truyén cac tinh trang mau sac & ca thugc
nhom da dang va phtc tap nhat trong ty nhién, bi chi phdi bai nhiéu yéu té, dan dén sy
bién dong sb lugng ca thé mang mau sic, dang hoa van, ty Ié dién tich mau, tir d6 gay
kho khin cho cong tac lai tao, chon gidng (Hinh 1.5) [109, 119].
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Nghién cau Vé cac gen lién quan dén mau sic va co ché di truyén ¢ cap do phan
tar da duoc tién hanh trén mot sé loai ca. O ca vang, sac to duoc kiém soét boi hai gen
troi (Dp va Dpd), trong khi ching bach tang dwoc quy dinh bai hai gen trén nhiém sic
thé thudng (p va c), va tinh trang lan do gen (g) quy dinh. O ca chép koi, mau cam dugc
kiém soét bai hai gen lin (b1 va b2), trong khi mau xanh va trang duoc quy dinh bai cac
gen lan (r) va (su két hop cua bl, b2 va r). Mau den cta ca koi c6 tinh di truyén riéng
biét va troi hon mau do, d6 trén nén trang va tring; riéng mau do dugc kiém soét boi it
nhat ba gen khac nhau. O c4 16 phi lai, mau d6 chiém vu thé hon mau den va duogc kiém
soat boi mot gen duy nhét (R) [119]. Nhiéu ki thuat di truyén phan tir hién dai nhu
AFLP (Amplified Fragment Length Polymorphism - Pa hinh chiéu dai doan cat nhan
ban), SNP (Single Nucleotide Polymorphism - Pa hinh don nucleotide), SSR (Simple
Sequence Repeats - Trinh tu lap lai don gian), SCAR (Sequence Characterized
Amplified Region - Vung khuéch dai dac trung trinh tu)... két hop voi cac phuong phap
phéan tich nhu BSA (Bulked Segregant Analysis - Phan tich hon hop phan ly), QTL
(Quantitative Trait Loci - Vi tri tinh trang s6 luong)... dd dugc tng dung thanh cong dé
xac dinh cac gen/viing gen lién quan va thiét lap ban d6 gen kiém soat mau sic da va co
& nhiéu loai ca [109, 119].

Mau sic caa ca da dang hon cac loai dong vat c6 xuong séng khac do co sy lién
quan dén co ché sao chép toan bo hé gen (FSGD — Fish Specific Genome Duplication,
Su nhan d6i hé gen dic trung ¢ cd). Trong qua trinh ndy, cac gen kiém soat sac td ¢ c4,
von nhiéu hon 30% so véi dong vat bén chan, thudng duge wu tién giir lai trong cac ban
sao gen [35]. Rat nhiéu gen chic nang cing co ché di truyén lién quan truc tiép hoac gian
tiép dén sy hinh thanh va biéu hién mau da, sic tb cua ca di duoc xac dinh va nghién cau
ky ludng, dac biét 1a cac gen lién quan dén qué trinh tong hop melanine, pteridine, qua
d6 tao co s& viing chac cho cdng tac nhan gidng va chon tao giéng mai & cap do phan tur
[109]. Cac gen lién quan dén qué trinh di chuyén va phét trién cua té bao mao than kinh
cling duoc xac dinh 13 ¢6 tuong tac, lién két, va cd thé gay dot bién vai cac gen khac chi
phdi su hinh thanh, biét hoa, ting sinh, di chuyén, biéu hién mau cua céc té bao sic tb
[180]. Ngoai ra, cac yéu tb di truyén khac nhu cac gen diéu hoa qua trinh phién ma, hé
théng melanocortin, ho gen tyrosinase, va cac thu thé ting cudng/ngin can su van
chuyén, hap thu sic tb tir mdi truong ciing duoc chirng minh 1a ¢6 vai trod thiét yéu va tac

d6ng manh mé dén qua trinh hinh thanh va bién d6i mau sac ¢ ca [119].
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Ung dung, tiém ndng, tré ngai trong cdi thién mau ca:

Tao gidng ca dua trén co s& di truyén 1a mot qua trinh phuc tap, bao gom céc
budc chon loc dong d6t bién va nudi cay dé tao ra giébng méi. Mot trong nhiing k thuat
tién tién o cap do phan tir 1a ky thuat chuyén gen, cho phép két hop cac gen ngoai sinh
vao bo gen cua lodi nhan, gitp phat trién nhanh va hiéu qua cac tinh trang mong muén
[119]. Trong linh vyuc cai thién mau sac ca, nghién cau chuyén gen da dat duoc mot sb
tién bo dang ké, nhu viec chuyén thanh cdng cac gen ma héa protein huynh quang vao
b gen cuia c& ngua van, cé thién than va ca vang. Tuy nhién, do sy da dang va phic tap
cua co ché di truyén quy dinh mau sic, viéc tng dung k¥ thuat nay vao thuc tién san
Xuat van con nhiéu thach thirc can phai vuot qua [109].

Bén canh d6, cac k¥ thuat sinh hoc phan tor nhu giai trinh ty toan bo hé gen
(genome sequencing), nghién ct:u proteome (proteomics - nghién ciru tong thé protein),
nghién ctu phién ma (transcriptomics - nghién ctiu tong thé cac phan td RNA), va
nghién ciu chuyén héa (metabolomics - nghién cau téng thé cac chat chuyén hoa) da
duogc (ng dung trén mot sé loai ca. Nhiing nghién ciru nay gitip xac dinh co so di truyén
cua cac kiéu hinh mau sic, tir d6 xay dung chién luoc cai thién va san xuat con gidng
mang cac tinh trang mong mudn [208]. V&i hon 340 bo gen quy dinh mau sic ¢ ca da
duoc giai trinh ty, cac ki thuat tin sinh hoc di cung cap nhiing hiéu biét sau sac vé nhiéu
co ché di truyén phuc tap lién quan dén su bién doi mau da va sic té & ca [119]. Pic
biét, cac (tng dung cua qua trinh phién ma, diéu hda RNA khong ma hoa va k¥ thuat
chinh stra bo gen nhu CRISPR/Cas9 ciing cho thay tiém ning 16n trong cai thién mau
sac ¢4 [208]. Tuy nhién, sy thanh cong caa ki thuat chinh sira bo gen phu thudc vao viéc
xac dinh chinh x&c vi tri cua viing gen muc tiéu va kiém soat dugc cac dot bién ngoai y
mubn. Do d6, can thém nhiéu nghién ciru va thoi gian dé hoan thién ki thuat nay trudc
khi &4p dung vao thuc tién san xuat [208]. Nhin chung, mac du viéc tao gidng ¢ vai mau
sac mong muédn da dat duoc nhitng tién bo dang ké nho cac ky thuat di truyén va tin sinh
hoc, van con ton tai nhidu thach thac can giai quyét. Huéng nghién ctru trong tuong lai
can tap trung vao viéc 1am sang to co ché di truyén chi phéi mau sic ¢ cac loai cé co gia
tri kinh té, cling nhu hoan thién cac ky thuat chinh stra bo gen dé cd thé tng dung hiéu
qua va an toan vao thuc tién san xuat [109, 119].

TOm lai, mau sic va hoa van trén ca canh c6 thé duoc diéu chinh théng qua cac

giai phap V& di truyén, moi trudng va dinh dudng. Mac di cac ky thuat di truyén dang
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phat trién manh mé& va hira hen tao ra cac dang d6t bién véi nhiéu mau sic va hoa vin
khéc nhau, viéc ang dung hiéu qua trén quy mé thuong mai van con nhiéu thach thic.
Dé giai quyét van dé nay, cac nghién ciu trong tuong lai can 1am sang té nhiéu khia
canh phuc tap nhu co ché tao mau & cap do té bao, anh huong va chuyén hoa caa cac
ngudn sac t tir thirc an, co so 1y thuyét caa cac ky thuat cai thién mau sic, va cac yéu
t6 diéu khién hoat dong cua té bao sic td. Bén canh dé, viéc ap dung cac ky thuat di
truyén doi hoi cdng nghé tién tién, trinh do chuyén mén cao va thoi gian nghién ciu lau
dai, gay kho khan cho viéc trién khai rong rai trong diéu kién thuc té. Hon nita, do nhiéu
gen lién quan dén mau sic ciing dong vai trdo quan trong trong cac qua trinh sinh ton va
phat trién khéc, viéc chinh sta di truyén can dugc can nhic ki ludng dé tranh gy xao
tron nghiém trong dén sy phét trién va sinh ton cua ca. Ngoai ra, viéc st dung cé chinh
stra gen va dot bién néu khong duoc quan 1y chit ché co thé gay ra nhimg tac dong tiéu

cuc dén da dang sinh hoc, mot van dé dang dugc nhiéu nha bao ton quan tam.

Trong khi cho doi cac tién bo tir di truyén, cac giai phap dua trén méi trudng va
dinh dudng vin dugc coi 1a hudng tiép can tich cuc, don gian, hiéu qua va phi hop véi
diéu kién thuc té trong nghé nudi cé canh ¢ Viét Nam. Viéc b sung vao ché do an cac
ngudn carotenoids tu nhién (nhu tao, thuc VAt va giap xac) va nhan tao (nhu astaxanthin,
canthaxanthin) dd dugc ching minh 14 phuong phap hiéu qua dé ting cuong mau sac,
d6 sang cua co thé, déng thoi cai thién sac khoe tong thé caa ca canh. Bén canh do, viéc
t6i wu hoa cac yéu té moi truong nhu mau sic cia bé nudi, cuong do va quang pho caa
anh sang, nhiét ¢ va ¢6 min cua nudc cling dong vai trod thiét yéu trong viéc kich thich
su phat trién va biéu hién cua té bao sic td. Su két hop hai hoa gitta cac giai phap vé
moi truong va dinh dudng hira hen s€ mang lai hiéu qua tich cuc va 6n dinh trong viéc
cai thién mau sic va hoa vin trén ca canh.

Xuat phét tir bdi canh d6, luan &n nay tap trung nghién ctu, danh gia va tng dung
c4c giai phap két hop giita viéc cai thién moi truong nudi va bd sung cac ngudn sac td
tu nhién nham nang cao chat luwong mau sic cua ca khoang cd nemo san xuat nhan tao.
Két qua caa luan &n khong chi gop phan nang cao ning sut, chat lugng, gia tri kinh té
va kha niang canh tranh ciia san pham cé canh nay trén thi truong, ma con dong gop vio
sy phat trién on dinh, hiéu qua va bén viing caa nghé nudi ca canh bién tai Viét Nam.
Dang thoi, sy phat trién caa nghé nudi ca khoang c6 nemo nhan tao ciing gop phan giam
ap luc khai thac 18n cac quan thé tu nhién cua loai nay va cac loai ca canh bién khac, hd
trg cOng tac bao tdn da dang sinh hoc bién.
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1.4.5. Cdc phwong phdp ddnh gid chdt lwong Mau sic ¢ ca

Mau sac 1a mét chi tiéu quan trong anh huong dén chat luong va gia tri thuong
mai cua ca canh. Mic du cd thé danh gid mau sac bang cam quan, tinh cha quan va su
khéc biét gitra cac ca nhan gay kho khan trong viéc dua ra két qua khach quan va nhat
quan. Do d6, nhiéu phwong phap danh gia mau sic dd dugc phét trién nham cung cap
théng tin chinh xac va tin cay hon [102, 192, 215].

Phuwrong phdp danh gid cam quan si dung bang so mau 1a phuong phap truyén
théng va phé bién nhét trong danh gia mau sic ca. Phuong phap nay dua trén viéc so
sénh truc quan giita mau Sac ca va c&c mau chuan trén cic bang mau nhu Munsell,
Pantone, Clownfish Exercise, SalmoFan hay Shrimp Color Fan [172, 175, 192]. Uu
diém chinh cia phuong phap nay 1a tinh don gian, nhanh chéng va chi phi thap. Tuy
nhién, két qua phu thudc nhiéu vao kha ning cam nhan cua ngudi danh gia, diéu kién
anh sang va kho truyén dat cho ngudi khac. Bén canh dé, sé lugng va ¢ phan giai mau

han ché trén bang va d6 chinh x4c thap cling la nhimg diém yéu ctua phuong phap.

Phurong phdp sir dung thiét bi chuyén dung nhu colorimeter, spectrophotometer
hay may do mau CR-400 Minolta Ia giai phap khac phuc cac han ché cia danh gia cam
quan [215]. Phuong phap ndy cung cip cac thdng sé mau da dang theo nhiéu hé thdng
nhu Munsell, CMYK, RGB, CIE XYZ, Hunter Lab, CIE Lab” (CIE LAB) va CIE LCh°
(CIE LCH) [102]. Trong nghién cttu, CIE Lab” va CIE LCh® thuong duge uu tién vi do
chinh xéc cao va tuong d6ng voi cach con ngudi cam nhan su khac biét mau sic. Phuong
phép nay cho két qua nhanh, khach quan va dé Iap lai. Tuy nhién, yéu cau thiét bi dat
tién, kién thirc chuyén mdn va chi cung cip thdng tin vé mot diém cu thé trén bé mat

mau la nhitng nhuoc diém can luu y.

Phirong phdp phan tich hinh anh str dung may anh k§ thuat s6 va phan mém xir
ly anh nhu Adobe Photoshop hay ImageJ cho phép dénh gia téng thé sy phan bé va dién
tich cac ving mau [88, 222]. Phuong phap nay c6 kha ning tu dong hoa va dé luu trir
dir liéu. Tuy nhién, d6 chinh xac va tinh khach quan cua két qua phu thudc vao chat
lwong may anh, diéu kién anh sang va yéu cau chi phi cao hon so v&i danh gia cam quan

cho thiét bi va phan mém chuyén dung.

Phirong phép do phé hap thulphdn xa va phwong phdp dinh lwong sdc to 13 hai

phuong phéap xac dinh ham Iugng c4c sic td nhu carotenoids hay melanin. Po pho si
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dung thiét bi chuyén dung dé do pho hap thu/phan Xa, con dinh luong sic té dua trén ky
thuat sac ky (HPLC) hoic quang pho. Ca hai déu cho két qua dinh lwong chinh xac, da
dang chi tiéu va thong tin chi tiét vé tich lity sac t [73, 162]. Tuy nhién, ching doi hoi

trang thiét bi dit tién, quy trinh phirc tap va doi ngii nhan lyc chuyén mén cao.

T6m lai, lva chon phuong phap danh gia mau sic phy thudc vao muc tiéu, diéu
kién va nguon luec caa tirng nghién ctu [215]. Két hop nhiéu phuong phap s& cung cap
cai nhin toan dién va tin cay, gidp nghién cau hiéu qua cac yéu té anh huong dén mau
sac va chat luong ca canh. Trong nghién ciu nay, ching tdi sir dung két hop danh gia
cam quan, thiét bi do mau, phuong phap do pho hap thu/phan xa va dinh luong sac tb
dé danh gia mau sac cua ca khoang c6 nemo dudi cac diéu kién moi trudng, dinh dudng
va san xuat khac nhau, nham cung cap nhiing co s& dir liéu va kién thac khoa hoc tin

cay, gilp nang cao hiéu qua nudi va chat luong san pham trong thyc tién san xuat.
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CHUONG 2 - VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Thoi gian, dia diém va déi twong nghién ciru

Nghién ctru dugc thyc hién tir 1/2021 — 12/2023. Thai gian tién hanh mdi thi nghiém
tir 45 — 75 ngay ty theo timg trudng hop cu thé, khong bao gom thoi gian chuan bi.

C4c thi nghiém wong, nudi ca duoc thuc hién tai Trai san xuat gidng ca canh bién
Vinh Hoa, khém Puong D¢, phudng Vinh Hoa, thanh ph Nha Trang, tinh Khanh Hoa.
Sau khi thu thap, cac mau duoc bao quan va phan tich tai Trung tam Thi nghiém — Thuc

hanh, Truong DPai hoc Nha Trang.

Hinh 2.1: C4 khoang c6 nemo giong

Déi tugng nghién cau 1a ca khoang ¢ nemo (Amphiprion ocellaris) hay con goi
la c& hé gia (Hinh 2.1). Cac dic diém vé hinh thai va phan loai caa ca dugc md ta chi
tiét trong Muc 1.2.1. C4 khoang ¢6 nemo dugc san xuat nhan tao tai trai va sir dung
trong cac thi nghiém & giai doan gidng, voi kich ¢& dao dong tir 3,0 — 3,5 cm tily theo
tirng ndi dung va thi nghiém cu thé. Cac yéu té khac nhu tudi, ngudn gbc, tinh trang sinh
ly va hinh thai ctua cé trong mdi thi nghiém duoc chon ddng déu dé dam bao tinh khach

quan va tin cay caa két qua.
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2.2. Noi dung nghién cau

Nghién ciru cai thién mau sac cia ca khoang co nemo
(Amphiprion ocellaris Cuvier, 1830) trong diéu kién nuoi nhot

A 4

MBoi trwomg

Y
{ }
Mau bé (TN1) P06 man (TN2)

v v

v

Dinh dwong

v

Che do bo sung carotenoids vao thitc an

!
v v

Nguon thure vat (TN3) Nguén dong vat (TN4)
v v
Ham lrong thich hop (TN5) Ham lwong thich hop (TN6)
v v
v

Nguén va ham lwong thich hop

!

Thoi gian bé sung thich hop (TN7)

v

- Py . n - A s - - A . A
Danh gia hieu qua ket hop moi frwong va bo sung carotenoids de
cai thién mau sic ca khoang c¢o nemo san xuat nhén tao (TN8)

Két luin va Dé xuat

Hinh 2.2: So' d6 khoi ndi dung nghién ciu ciia dé tai ludn an

Nghién ctru dugc thuc hién vai 3 noi dung chinh, tap trung vao viéc danh gia anh
hudng caa cac yéu té moi trudng, dinh dudng b sung va ung dung vao thuc tién san
Xuat nham cai thién két qua nuoi, dic biét 1a mau sic, cua ca khoang co nemo. Bén canh
d6, mot s thi nghiém so bo ciing duoc thuc hién nham xac dinh cac théng s6 va pham
vi thich hop truéc khi thiét 1ap va trién khai cac thi nghiém nghién cau (TN 1 - 7) va

rng dung vao thuc tién san xuat (TN 8). Tong cong cé 8 thi nghiém da duoc thuc hién
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trong pham vi caa luan &n véi so d6 chi tiét dugc thé hién trén Hinh 2.2. TAt ca cac thi
nghiém trong nghién ctru nay déu duoc lap lai it nhat 3 1an va bé tri theo thé thirc ngau
nhién hoan toan dé dam bao do chinh xéc, khach quan va kha ning ap dung duoc trong
thuc tidn san xuat.

Noi dung 1: Anh hwong cia méi trieong nudi 18n mau sdc va ting truwéng cua ca
khoang c6 nemo:

- Anh huéng cua mau sac bé nudi (Thi nghiém 1 — TN 1).
- Anh huong caa ¢6 man méi trudng nudi (TN 2).

N@i dung 2: Anh hweng cuia ché do bé sung carotenoids vao thite an I1én mau sac
va tang trong cua ca khoang cé nemo:

- Anh huong caa mét s6 ngudn carotenoids chiét xuat tir thuc vat (TN 3).
- Anh hudng caa mét sé nguon carotenoids chiét xuat tir dong vat (TN 4).

- Anh huong cia ham lwong carotenoids bé sung tir 6t chudng (nguén tot nhat tor
TN 3) (TN 5).

- Anh huong cia ham lugng carotenoids bé sung tir vo tdm (nguon tot nhat tir
TN 4) (TN 6).

- Anh hudng caa thoi gian bd sung carotenoids tir vo tdm (ham lwong bé sung tot
nhat tir TN 6) (TN 7).

Noi dung 3: Pdnh gid hiéu qua két hop méi trong va bé sung carotenoids dé
cdi thién mau sac ca khoang cé nemo san xuat nhan tqo:

- Két hop céc thdng sé k¥ thuat thich hop nhat vé méi trudng (mau bé, dd man)
va ché do bd sung carotenoids (ngudn, ham lwong va thai gian) tir cac thi nghiém trude
va tng dung vao thyc tidn san xuat c& khoang c6 nemo. Ca thu duoc tir quy trinh san
Xuit ndy s& duoc so sanh véi ca san xuat theo quy trinh thong thuong hién nay (déi
chirng) va ca khai thac tir ty nhién (TN 8).

2.3. Phuong phap tiép can
2.3.1. Tiép can lich si

Luan an tién hanh tong quan va phan tich cac nghién ctru truée day vé anh huong

ctia moi trudng nudi va ché do bd sung carotenoids 18n mau sic cua ca néi chung va ca

khoang ¢6 noi riéng. Thong qua viéc tong hop va danh gid c6 hé thong cac két qua
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nghién ctiru da cong bd, luan an xac dinh nhitng khoang tréng trong kién thic hién c6 va
dé xuat huéng nghién ciru méi nham lap day cac khoang trong nay.
2.3.2. Tiép can thuc nghiégm

Luan an thiét ké va tién hanh cac thi nghiém c6 ddi chiing dé danh gia anh huong
cua cac yéu t6 moi truong nudi (mau bé, do man) va ché do b sung carotenoids (nguon,
ham lugng, thoi gian) 18n mau sic cua ca khoang ¢ nemo. Thong qua viéc thu thap va
phan tich dit liéu bang cac phuong phap thdng ké thich hop, luan &n rat ra két luan vé
murc d6 anh hudng cua cac yéu td khao sat va xac dinh gia tri thich hop cho ting yéu té.

2.3.3. Tiép can hé théng

Ludn &n xem xét van dé cai thién mau sic cua ca khoang c6 nemo nhu mot hé
thng tong thé, trong d6 cac yéu té méi truong nudi va ché do bo sung carotenoids khong
chi tac dong riéng 1é ma con tac dong qua lai 1dn nhau. Trén co sé két qua nghién cau
vé ting (nhdm) yéu t6 riéng lé, luan an dé xuét giai phap két hop cac (nhém) yéu té
thich hop nhit (méi trudng va b sung carotenoids) nham cai thién mau sac caa ca
khoang c6 nemo san xuét nhan tao.

2.3. Vat lieu nghién ciru
2.3.1. Nguén c4 thi nghigm

Cé khoang c6 nemo (Amphiprion ocellaris) gidng duoc san xuat tai Trai san xuat
giéng ca canh bién Vinh Hoa, ap dung quy trinh san xuat gidng da duoc ti wu hoa dua
trén Quy trinh san xuat gidng ca khoang c6 cam (Amphiprion percula) [1], két qua cua
dé tai nghién ctu lién quan [2] va kinh nghiém thuc tién cua tac gia cung cac cong su.

Ca bb me dugc nudi vo trong hé thong bé kinh tuan hoan, cho dn bang thie an tu
ché bién tir nguyén liu twoi séng va bo sung dinh dudng dam bao nhu cau sinh ly sinh
san. Trimg duoc 4p boi ca b me trong 7 - 9 ngay trude khi thu hoach va chuyén sang
bé uong 4u tring. Mat d6 wong dao dong tir 1 - 3 con/L, st dung thirc an sdng (luan
trung, Artemia) va thirc an cong nghiép véi cac kich c¢& hat phu hgp cho ting giai doan
phat trién. Tao tuoi (Nannochloropsis oculata) duoc bd sung dinh ky nham 6n dinh moi
truong wong va cung cap dinh dudng. C4c yéu to moi truong (nhiét do, pH, oxy hoa tan,
TAN...) duoc kiém sot chat ché va duy tri ¢ gié tri toi wu trong sudt qua trinh wong.

Sau 2,5 - 3 thang wong, ca dat chiéu dai tong (total length, TL) trung binh 3,0 -
3,5 cm va khéi lwong than (body weight, BW) trung binh 0,5 - 0,9 g, san sang sir dung

cho cac thi nghiém. Ca thi nghiém dugc chon loc k¥ dua trén cac tiéu chi strc khoe, hoat
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dong, ngoai hinh, mau sic va kich ¢ dong déu gitra cac nghiém thtrc. Trudc khi b tri
thi nghiém, ca dugc thuan hoa tir 1 - 2 tuan dé thich nghi véi diéu kién nudi va hé thng
thi nghiém méi. Chi tiét quy trinh san xudt giong duwoc trinh bay ¢ Phu luc 3.1.

2.3.2. Nguén nwdéc va xi Iy nuwéc

Ngudn nudc st dung cho thi nghiém 1a nuée bién ty nhién, dugc xt Iy theo quy
trinh phé bién trong céc trai san xuat gidng hai san. Quy trinh bao gém cac budc: lang
nuéc trong 1 - 2 ngay dé loai bo can lo lung; xir Iy bang chlorine (dang bot, 70% hoat
chat) & nong d6 10 - 30 ppm trong 24 - 48 gid, Vi lugng chlorine duoc tinh toan dua
trén thé tich nude thuc té (vi du: 42,9 g cho 1 m® nudc & ndng d6 30 ppm); trung hoa
chlorine bang natri thiosulfate (Na2S20s) tinh khiét 99%, véi ty 16 0,563 g Na2S:0s cho
mdi 1 g chlorine du; kiém tra ham luong chlorine tu do con lai bang b test dé dam bao
khong con du luong trude khi sir dung. Luong Na»S:0s can sir dung duoc tinh todn duwa
trén ham luong chlorine du thuc té trong nudc sau qua trinh xt Iy va kinh nghiém thuc
tién. Sau khi xtr 1y, nudc duogc luu trit trong bé 6 m3 c6 phu bat va sir dung cho céc hoat
ddng nghién ciu va san xuat.

2.3.3. Hé théng bé thi nghigm

Hé thong bé thi nghiém bao gom 18 bé kinh hinh hap chit nhat, mdi bé cé kich
thugc 55 cm (dai) x 35 cm (rong) x 38 cm (cao), véi thé tich hitu dung 1a 65 lit. Cac bé
duoc két néi vai mét bé loc sinh hoc tuan hoan dit ¢ trung tdm hé thong c6 thé tich
khoang 500 lit. Dé dam bao cung cip du oxy cho cé trong suét qua trinh thi nghiém, mai
bé duoc bb tri mot voi suc khi (dau suc khi gom da bot va da su) (Hinh 2.3).

Hinh 2.3: Hé thong bé thi nghi¢m
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Hé thdng cap va thoat nudc cua bé thi nghiém duoc thiét ké vai éng cap va thoat
nude hai dau déi dién tai tang mat. Ong cap va 6ng thoat Ia cac 6ng nhya PVC véi duong
kinh lan luot 13 @ 21 mm va @ 34 mm. Dé ngin cé thoat ra ngoai, dng thoat nudc dugc

boc ludi. Nudc thai tir cac bé nudi dugc dan vao bé loc sinh hoc trung tam (Hinh 2.3).

Bé loc trung tim duoc thiét ké véi 16p bong loc dé loai bo chat thai ran. Nuéc
thoat khoi hé thdng loc bdng s& duoc xt Iy boi cac vi sinh vat trén cac gia thé 1a hat
nhya bio-ball (@ 40 mm) va d4 san hd. Su két hop giira hoat dong cua hé vi sinh vat
sbng trén gia thé va suc khi lién tuc gitp duy tri chat lvong nudce trong hé thdng & trang
théi on dinh.

Nudc sau khi xir Iy duoc cap tro lai bé nudi bang bom chim (Lifetech AP5300,
80W). Bé kiém soat luu lugng nudc cip vao va thoét ra khoi cac bé nudi, van khoa duoc
st dung dé diéu chinh va duy tri Iuu lugng 6n dinh trong khoang 1,4 - 1,6 L/phut, twong
g vai ty 18 thay nuéc khoang 3.500 — 3.700%/bé/ngay.

Nham 6n dinh cac yéu t6 méi truong, hé théng bé thi nghiém duoc dit dudi mai
che, vai chu ky chiéu sang tu nhién 12 gio sang (L) : 12 gid t6i (D). Bén canh d6, dé bd
sung anh séang vao céc thoi diém anh sang yéu (sang sém, chiéu tdi va ngay am u), mot
hé théng dén LED gom 8 bong dén tuyp LED dai (Rang Pong BD M26, 1.200 mm/40W)
va 1 bong dén LED bulb (Rang Pong TR135ND1/60W) dugc lip dit cach mit nude
150 cm, tuong tng VGi 4 canh bén va trung tam caa hé thdng (Hinh 2.3).

2.3.4. Chudn bj nguén carotenoids

Cé4c ngudn carotenoids ty nhién, bao gdbm bi ngd (Cucurbita moschata), 6t
chudng (Capsicum annuum), ca rét (Daucus carota), gac (Momordica cochinchinensis),
tring ga (Gallus gallus localus), vo tdm thé chan trang (Penaeus vannamei), copepoda
(Pseudodiaptomus annandalei) va triang dc buou vang (Pomacea canaliculata), duoc
thu thap tir cac dia diém khac nhau trén dia ban tinh Khanh Hoa. Quy trinh chiét xuat
carotenoids dugc thuc hién dua trén phuong phap duoc mo ta bai Tran va cong su [195],
Vi mot sé diéu chinh nho.

Trong qua trinh chiét xuat, nguyén liéu tho duoc xur 1y so bd trudc khi tron Vi
dung méi phu hop theo ty 18 3,5 : 1 (v : w) cho mdi lan chiét doc 1ap. Cu thé, dau dau
nanh duoc sir dung lam dung méi cho gac, trong khi con 96% dugc ap dung cho céac

nguyén liéu con lai. Qua trinh chiét xuat duogc thyuc hién vai sy hd tro cua vi song va lap
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lai ba lan dé t6i wu hoa hiéu suat thu hoi carotenoids. Dich chiét tir ba 1an chiét duoc gop
lai, sau d6 dung moi duoc tach ra dé thu dich chiét ¢6 dac: sir dung cd quay chan khdng
dé loai bo con ddi véi dung moi con va ly tim dé loai bo dau d6i véi dung méi dau. Dich
chiét c6 dic nay c6 ham luong carotenoids cao hon va duoc sir dung lam nguyén liéu dé
b sung vao thirc an cho ca. Quy trinh chiét xudt chi tiét, bao gom cdc buéc thyc hién

va cde dieu kién cy thé, duoc trinh bay trong Phuy luc 3.2.

Ham luong carotenoids tong sé tinh theo pg/g nguy@n liéu twoi ctia c4c ngudn
nguyeén liéu nhu sau: bi ngd 71,7 pg/g, 6t chudng 102,6 pglg, ca rt 88,4 pglg, gac 463,0
ng/g, long do tring ga 23,7 pg/g, vo tdm 52,6 ug/g, copepoda 113,3 pg/g va tring b¢
buou vang 81,4 ng/g.

Bén canh cac ngudn tu nhién, astaxanthin tong hop (Carophyll Pink CWS, DSM
Nutritional Products Ltd., Thuy Si) vi ham luong 10% ciing duoc sir dung lam ngudn
bd sung dé so sanh hiéu qua cua cac nhém sac té ty nhién va tong hop. Tét ca cac ngudn
carotenoids nay dugce dua vao khau phan an thir nghiém cho c& khoang ¢ nemo tuong

ung vai tirng ndi dung/nghiém thac thi nghiém.
2.3.5. Chudn bj thire an thi nghiém va bé sung carotenoids

Thuc an nén dugc xay dung theo nhu cau dinh dudng cua ca bién (do chua cd
thire an chuyén dung cho ¢ khoang c6 nemo), véi ham lugng protein va lipid thé 1an
lwot 12 55% va 12% (Bang 2.1) [50, 116, 125, 135]. Quy trinh san xuit thic dn bao gdbm
cac budc: can va tron nguyén liéu, hap chin, dun vién, sy khd, nghién va sang qua ray
dé dat kich c& ph hop [195].

Ham luong carotenoids bo sung vao thire an duge diéu chinh tdy theo muc tiéu
cua tirng thi nghiém. Trong Thi nghiém 3 va 4 (Ndi dung 2), ham lugng carotenoids bo
sung 1a 250 mg/kg thirc dn. Trong Thi nghiém 5 va 6 (N6i dung 3), cac mirc b sung
carotenoids dao dong tir 200 dén 1.500 mg/kg thirc an. Cac nghiém thic d6i ching
khéng duoc bd sung carotenoids ma chi bé sung lwong dau twong duong.

Dung dich carotenoids tir cic mau nguyén liéu (ham hrong 4,1 — 7,4%) duoc str
dung dé b sung vao thirc an véi khéi luong tir 3,11 — 20,60 g, tiiy theo ham luong
carotenoids can b6 sung. Luong dau dau nanh sir dung dé pha lodng carotenoids va trong

cdng thire thire an duogc can d6i dé dam bao tong ham lwong lipid khéng vuot qué 12%.
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Bang 2.1: Cong thirc va thanh phin nguyén liéu thirc dn thi nghiém (g/kg)

Thanh phin Khéi lwong (g/kg) Ty 1& (%)
Bot ca (Peru) (g) 425,0 42,50
Bot ca (Vietnam) (g) 136,0 13,60
Bot muc (g) 140,0 14,00
Bot dau nanh (g) 75,0 7,50
Bot gluten ngd (g) 85,0 8,50
Bot my (g) 34,0 3,40
Dau cé (g) 25,7 2,57
Dau dau nanh (g) 30,0 3,00
Vitamin tong hop? (g) 10,0 1,00
Lysine (g) 8,0 0,80
Methionine (g) 6,0 0,60
Monocalcium phosphate (g) 6,0 0,60
Guar gum powder (Q) 5,0 0,50
Sodium alginate (g) 4,3 0,43
Khoang tong hop? (g) 10,0 1,00
Carotenoids bd sung (g) 0 0
Thanh phén sinh héa co ban

Protein tho (%) 55,00

Lipid thé (%) 12,01

Tro (%) 11,09

Do am (%) 10,04

Carotenoids (g) 0,04

! Vitamin téng hep (mg/kg diet): Vitamin A, 1.000.000 1U; Vitamin D3, 300.000 IU; Vitamin C monophosphate,
10.000 mg; Axit Pantothenic, 2.500 mg; Vitamin E, 2.000 mg; Vitamin B3, 2.000 mg; Vitamin K3, 500 mg; Vitamin
B1, 500 mg; Vitamin B6, 500 mg; Vitamin B2, 320 mg; Axit Folic, 200 mg; Biotin, 20 mg; Vitamin B12, 5 mg;
Inositol, 10 mg; Choline chloride, 5 mg. Provimi Vietnam Co. Ltd., Bien Hoa city, Dong Nai province, Vietnam.
2 Khoéng téng hep (mg/kg diet): Zn (Zn0), 4.750 mg; Mn (MnSO,.H,0), 1.900 mg; Mg (MgO), 1.050 mg; Co
(CoCOg3), 47,5 mg; Se (NazSeOy), 47,5 mg; | (Ca(l0z)2.H.0), 19,0 mg; P (CaHPO4.2H,0), 0,7%; Ca
(CaHPO,4.2H,0), 0,8%; Moisture, 10,0%; Ash, 2,0%; Ethoxyquin, 240,0 mg; Carrier (Dextrose), 86,0%. Provimi
Vietnam Co. Ltd., Bien Hoa city, Dong Nai province, Vietnam.

Sau khi bé sung carotenoids va vitamin téng hop, thirc an dugc tron déu theo
phuong phap tron thu cong hai buéc, sdy khd & 60°C dén do am xap xi 10%, chia vao

ti zip, loai bo khdng khi, boc kin va bao quan ¢ nhiét d6 <4°C.

Thanh phan sinh hoa cua thtrc dn va ham luong carotenoids tong sé dugc phan
tich tir mau thirc an thanh pham (sau san xuat, bd sung carotenoids va san sang cho thi
nghiém), theo phuong phap chuan caa AOAC (2006) va Ramamoorthy va Garcia-
Romero [73, 162]. Chi tiét vé& Quy trinh chudn bj thizc dn, ham lwong va phirong phdp

bé sung carotenoids duoc trinh bay trong Phy luc 3.3.
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2.4. Phwong phap nghién ctu

2.4.1. Anh huéng ciia moi truong nuéi 1én mau sic va ting truong cia ci khoang

co nemo

Trong ndi dung nay, tic dong cua mau bé va do man 1én két qua nudi ca khoang
cd nemo sé& duoc danh gia, va cac thong sé thich hop thu duoc s& 1 co s dé lya chon

mau bé va do man cho céc thi nghiém tiép theo.
2.4.1.1. Anh huéng cia mau sac bé nudi (TN1)

Thi nghiém duoc bé tri theo kiéu hoan toan ngau nhién (CRD) véi 6 nghiém thuc
tuwong g V&i 6 mau bé khac nhau: tring (RGB: 255, 255, 255), trong sudt (d6i ching),
xanh duong (RGB: 0, 0, 255, sau ddy goi tat 1a mau xanh), cam (RGB: 255, 140, 0), tim
(RGB: 148, 0, 211) va den (RGB: 0, 0, 0). Bé trong suét duoc sir dung lam déi ching,
tuong tng Véi diéu Kién nudi thong thudong. Mai nghiém thic duoc thuc hién véi 3 1an
lap trong 60 ngay. Gidy dan decal mau cd keo dinh sin duoc sir dung dé tao mau cho bé
nudi. So d6 bd tri thi nghiém va cac théng sb danh gia duoc trinh bay trén Hinh 2.4,

Anh hwéng cia mau bé nudi 1én mau sac va tang treong caa
ca khoang ¢6 nemo

¢ ¢ Y ‘
Tring Trong suot Cam ¢
v v

A 4

Cac chi tiéu danh gia:
1. Mausiac da (L%, a*, b*, C*a, h*ap. AE" )
2. Ham luong carotenoids tich 1ty (trén da, co, toan than)

3. Tang trudmg, ty 1é séng va hiéu qua sit dung thirc an

A 4

Mau sic bé nudi thich hop

Hinh 2.4: Bo tri thi nghi¢ém vé dnh huéng ciia mau sic bé nudi
Quy trinh chuan bi bé thi nghiém bao gém: vé sinh sach s&, lau khd hoan toan,
sau d6 dan gidy decal mau Ién 5 mat cua bé (4 mat bén va 1 mat day). Sau khi hoan
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thanh, bé duoc lap dat vao hé théng nudi ciing véi céac thiét bi can thiét nhu dng cap,

thoat nuéc, ludi chin ca va suc khi.

Cé khoang c6 nemo gidng, cd chiéu dai toan than (TL) va khéi luong toan than
(BW) ban dau lan luot 13 3,30 + 0,02 cm va 0,65 + 0,02 g, duoc tha nudi véi mat do 15
con/bé. C4c tiéu chuan vé c4 thi nghiém, ngudn géc va thoi gian thich nghi dugc mo ta

trong Muc 2.3.1. Hé thong nudi va quan ly, van hanh duoc mé ta chi tiét trong Muc 2.3.3.

Trong sudt thoi gian thi nghiém, ca duoc cho an thic an cong nghiép NRD
(INVE, Thai Lan), mét loai thirc an pho bién trong uwong nudi ca bién va ca canh bién,
V61 ham lugng protein tho 55% va lipid thd 9%. Quy trinh cham soc, quan ly, thu thap
va danh gia két qua thi nghiém (ting truong, ty 1é sdng, hiéu qua sir dung thic an, mau
sic da va ham luong carotenoids tong sé tich liy trong co thé ca) duoc mo ta trong Muc

2.5. Mau bé tt nhat thu duoc tir TN duoc sir dung cho cac thi nghiém tiép theo.
2.4.1.2. Anh huéng cia dé man (TN2)

Thi nghiém duoc b tri véi 6 nghiém thirc, twong tng véi 6 mic dd man khac
nhau, bao gom: 9%, 15%o, 21%o, 27%o, 33%. (d6i chimg) va 39%.. Mitc do min 33%o
st dung nudc bién tu nhién, dai dién cho diéu kién d6 man thong thudng tai cac viing
ran san ho va ciing 13 6 man phd bién trong trai san xuat va nudi ca khoang c6 nemo.
M3i nghiém thire duoc thyuc hién vai 3 lan lap trong thoi gian 60 ngay. Bé nudi duoc
dan gidy decal mau xanh, 1a két qua tét nhat thu duoc tr TN1 (Muc 2.4.1.1). So d6 bd
tri thi nghiém va cac théng sé danh gia duoc trinh bay trén Hinh 2.5.

Nudc bién ty nhién c6 d6 min 33%o duoc sir dung 1am co s¢ dé pha cac muic do
man thi nghiém. Cac muc d6 man thip hon (9%o, 15%o, 21%o0 va 27%o) duoc chuan bi
bang cach pha lodng nudc bién véi nudc may da qua xi ly theo ty 18 thé tich thich hop.
Cu thé, ty 1& pha tron gitra nuéc bién va nuéc ngot dé tao cac mirc do man 9%o, 15%o,
21%o va 27%o 1an lwot 121 : 2,67;1:1,20; 1 : 0,57 va 1 : 0,22 (v/v). Mtc 6 min cao
nhat (39%o0) duoc tao ra bang cach bd sung mudi hat vao nudc bién 33%o vai ty 16 6,0
g/L. P6 man caa cac nghiém thace dugc kiém tra bang khic xa ké va diéu chinh dé dat
gi& tri mong mudn. Quy trinh chi tiét vé cach pha cac mic do man, bao gom cong thic
tinh toan ty 1é pha tron va luwong mudi bé sung, duoc trinh bay trong Phu luc 3.4.

Hé thong bé thi nghiém duoc thiét ké trong tu nhu mé ta trong Muc 2.3.3. Tuy
nhién, mdi nghiém thac gdm 3 lan lap lai, trong tng vai 3 bé thi nghiém riéng biét.
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Trong mdi nghiém thtc, mot hé thdng loc sinh hoc tuan hoan riéng vai thé tich khoang
100 lit duoc bé tri dé xir Iy nudc cho ca 3 bé lap lai. Nguyén tac thiét ké, b tri hé théng
va van hanh tuong tu nhu da trinh bay trong Muc 2.3.3.

Anh hwong cia do man lén mau sac va tang tredong cua
ca khoang co nemo

I T T T

9% 15%o 21%o 27%o 33%o 39%o

v v v v v y

A4

Cac chi tiéu danh gia:
1. Méaussic da (L*, 2", b", C"ab, h'ab, AE"a)
2. Ham lwong carotenoids tich iy (trén da, co, toan than)

3. Tang truong, ty 1é song va hiéu qua sit dung thirc an

A4

D6 man thich hop

Hinh 2.5: Bo tri thi nghiém vé dnh hwéng ciia d min

Cé khoang c6 nemo gidng (kich thudc trung binh 3,25 + 0,08 cm va khéi lugng
0,67 + 0,05 g) duoc tha nudi véi mat do 15 con/bé. Céc tiéu chuan vé ca thi nghiém,
ngudn géc va chuan bi hé thong nudi twong ty nhu dugc mé ta trong Muc 2.3.1 va 2.3.3.
Qua trinh diéu chinh d6 man dugc thuc hién tir tir v6i toe do 2%o/ngay (1%0/12 gid) cho
dén khi dat dugc d6 man twong ung vaéi ting nghiém thac thi nghiém, nham giam cang
thang cho ca [32, 78]. Sau khi dat 6 man twong tng Vi thiét ké thi nghiém (0 — 12
ngay), cé tiép tuc duoc nudi thém 2 ngay trude khi bat dau tinh thoi gian thi nghiém, véi
téng thoi gian thuan hoa 13 14 ngay. Quy trinh chidm soc, quan Iy, thu thap va danh gia

két qua thi nghiém duoc md ta trong Muc 2.5.

2.4.2. Anh hwéng cia ché dé bo sung carotenoids vao thite dn lén mau sic va ting

truéng cia cd khoang cé nemo

Trong noi dung nay, anh huang cua cac ngudn carotenoids thuc vat va dong vat

I&n mau sic va tang truong cua ca khoang cd nemo duoc danh gia. Cac thi nghiém dugc
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tién hanh trong diéu Kién méi trudng thich hop nhat (bé mau xanh va d6 man 33%o) da
xac dinh tir N&i dung 1, nham loai trir anh huong cta cac yéu to moi truong va tap trung
vao vai tro cua ché do bd sung carotenoids. Két qua tir Noi dung 2 s& 1a co s& dé xac
dinh ché d6 bo sung carotenoids (bao gom ngudn, ham leong va thoi gian) ti uu cho
Noi dung 3.

2.4.2.1. Anh huong ciia mét s6 nguon carotenoids thuc vit (TN3)

Thi nghiém duoc bd tri theo kiéu hoan toan ngau nhién, vai 6 nghiém thuc, bao
gom 4 ngudn carotenoids ty nhién tir thue vat (bi do, gac, 6t chudng va ca rét), 1 nguon
carotenoids tong hop 1a astaxanthin (d6i ching duong) va 1 d6i chiing khéng bo sung
sac té (d6i chitng am). M&i nghiém thire duoc thyuc hién véi 3 lan Iip trong thoi gian 75
ngay (Hinh 2.6). C4c ngudn carotenoids, phuwong phap chuan bi va bd sung vao thirc in

dugc mo ta chi tiét trong Muc 2.3.4 va 2.3.5.

Anh hwong cua mot 50 nguon carotenoids thue vat bo sung vao
thirc in 1én mau sic va tang treong cua ca khoang co nemo

v v ' v v '

Doi chirng Bi do Gic Ot chudng Ca rot Astaxanthin

v v v v v v

Y

Cac chi tiéu danh gia:
1. Mausac da (L*, a*, b*, C*a, h*ab. AE* )

2. Ham luong carotenoids tich Iy (trén da, co, toan than)

3. Tang trueong, ty 1é song va hiéu qua sit dung thirc an

Y

Ngufm carotenoids thuc vat bo sung thich hop

Hinh 2.6: Bo tri thi nghiém vé dnh hwéng ciia ngudn carotenoids thue vat

Cé khoang ¢6 nemo giéng (3,21 + 0,03 cm va 0,61 + 0,02 g) dugc tha nudi vai
mat do 15 con/bé. C4c tiéu chuan vé c4 thi nghiém, ngudn gdc va chuan bi hé thdng nudi
tuwong tu nhu dugc Mo ta trong Muc 2.3.1 va 2.3.3. Quy trinh cham soc, quan 1y ca, cling
nhu phuong phap thu thap va danh gia két qua duoc trinh bay cu thé trong Muc 2.5.
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2.4.2.2. Anh huong cia mét s6 nguon carotenoids dong vit (TN4)

Twong tu VGi thi nghiém st dung ngudn thyc vat, thi nghiém nay duoc bé tri véi
4 ngudn carotenoids tu nhién tir dong VAt (trang ga, copepoda, vo tdm va tring ¢ buou
vang), 1 ngudn carotenoids tong hop 1a astaxanthin va 1 déi chitng &m khédng bé sung

sac t6. M&i nghiém thirc duoc thuc hién véi 3 1an lap trong thoi gian 75 ngay (Hinh 2.7).

Anh hwéng cua mot so nguon carotenoids dong vat b sung vao
thirc an 1én mau sic va tang trueéng cua ca khoang c¢6 nemo

S S T I

Poi chitng Trung ga Vo tom Copepoda Trimg ¢ Astaxanthin

v ! ' ' ' v

A 4

Cac chi tiéu danh gia:
1. Mauséc da (L*, a*, b*, C*a, h*ab. AE* )
2. Ham lwong carotenoids tich Iy (trén da, co, toan than)

3. Tang trudng, ty 1é song va hiéu qua sit dung thirc an

A4

Ngudn carotenoids dong vit bo sung thich hop

Hinh 2.7: Bo tri thi nghiém vé dnh hwéng ciia ngudn carotenoids dong vat

Cé khoang c6 nemo gidng (3,14 + 0,02 cm va 0,54 + 0,02 g) duoc tha nudi véi
mat do 15 con/bé. CAc tiéu chuan vé ca thi nghiém, chuan bi hé théng nuéi tuong tu nhu
dugc mo ta trong Muc 2.3.1 va 2.3.3. Quy trinh cham séc, quan ly, thu thap va danh gia
két qua thi nghiém nhu dugc mo ta trong Muc 2.5.

2.4.2.3. Anh huong ciia ham lwong carotenoids tir 6t chudng (TN5)

Thi nghiém duoc thiét ké véi 5 ham luong carotenoids chiét xuat tir 6t chudng
b sung vao thirc an va mot nghiém thie d6i ching. Ot chuéng, ngudn carotenoids cho
két qua tdt nhat trong TN3, duoc bd sung vao thire an twong tng voi cac ham luong 0
(D4i chung), 300, 600, 900, 1.200 va 1.500 mg/kg thie dn. Mi nghiém thire duoc thyuc
hién va&i 3 1an lap trong 75 ngay (Hinh 2.8). Ngudn carotenoids, phuong phép chuan bi

va b6 sung vao thtc an theo quy trinh dugc md ta chi tiét trong Muc 2.3.4 va 2.3.5.
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Anh hwong cua ham llro’ng carotenoids tir ¢t chuong bo  sung vao
thirc an 1én mau sac va ting trueong cia ca khoang c6nemo

I T T 3

Poichimg | | 300mg/kg | | 600mg/kg | | 900mg/kg || 1.200 mg/kg || 1.500 mg/ke

v v v ' ' !

Y

Cac chi tiéu danh gia:
1. Mausac da (L*, a*, b*, C*a, h*a, AE")
2. Ham luong carotenoids tich [y (trén da, co, toan than)
3. Tang trudng, ty 1é song va hiéu qua sit dung thirc an

4. Thanh phan sinh hoa va hoat tinh ctia enzyme tiéu hoa

Y

Ham lwgng carotenoids tir 6t chuong bé sung thich hop

Hinh 2.8: Bo tri thi nghiém vé anh hwéng ciia him hrong carotenoids tir
ot chuong

Ca khoang ¢6 nemo giéng (3,40 + 0,04 cm va 0,72 + 0,02 g) duoc tha nudi voi
mat do 15 con/bé. C4c tiéu chuan vé ca thi nghiém, ngudn gdc va chuan bi hé thdng nudi
tuong tu nhu dugc mo ta trong Muc 2.3.1 va 2.3.3. Quy trinh cham soc, quan ly, thu
thap va danh gia két qua thi nghiém nhu duoc mé ta trong Muc 2.5. Bén canh cac chi
tiéu danh gia nhu trong TN - 4, thanh phan sinh héa co thé ca va hoat tinh ciia mot s6
enzyme tiéu hoa chinh cua ca ciing duoc phan tich va trinh bay chi tiét trong Muc 2.5.
2.4.2.4. Anh hurong cia ham heong carotenoids tir vé tom (TN6)

Thi nghiém duoc thiét ké voi 5 ham lwong carotenoids chiét xuét tir vo tom bo
sung vao thuc dn va mot nghiém thirc ddi ching. Vo tdm, ngudn carotenoids cho két
qua tét nhat trong TN4, dugc bd sung vao thire an twong Gng Vi cac ham lugng 0 (D6
chtng), 200, 400, 600, 800 va 1.000 mg/kg thirc dn. Mdi nghiém thirc dugc thuc hién
v6i 3 1an I3p trong thoi gian 75 ngay (Hinh 2.9). Nguén carotenoids, phuong phép chuin
bi va bd sung vao thirc dn nhu dugc mo ta trong Muc 2.3.4 va 2.3.5.
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Ca khoang ¢6 nemo giéng (3,00 0,05 cm va 0,58 + 0,03 g) duoc tha nudi voi
mat do 15 con/bé. CAc tiéu chuan vé ca thi nghiém, chuan bi hé théng nuéi tuong tu nhu
dugc mo ta trong Muc 2.3.1 va 2.3.3. Quy trinh cham séc, quan ly, thu thap va danh gia
két qua thi nghiém nhu duoc mé ta trong Muc 2.5. Bén canh cac chi tiéu danh gia nhu
trong TN1 - 4, thanh phan sinh hoa co thé c& va hoat tinh cia mot s6 enzyme tiéu hoa

chinh cua ca ciing dugc phan tich va trinh bay chi tiét trong Muc 2.5.

Anh hwong cua ham lwong carotenoids tir vo tom b6 sung vao thirc
an 1én mau sic va tang truong cua ca khoang ¢6 nemo

v v v v v v

Poi chirng 200 mg/kg 400 mg/kg 600 mg/kg 800 mg/kg 1.000 mg/kg

v v ' v v v

v

Cac chi tiéu danh gia:
1. Mausicda (L*, a*, b*, C*a, h'a, AE )
2. Ham luong carotenoids tich liy (trén da, co, toan than)
3. Tang trudng, ty 1é song va hiéu qua st dung thirc dn

4. Thanh phan sinh hoa va hoat tinh ctia enzyme tiéu hoa

A 4

Ham lwong carotenoids tir vé tom bd sung thich hop

Hinh 2.9: B6 tri thi nghiém vé anh hwéng ciia ham lwong carotenoids tir vé tom
2.4.2.5. Anh huong cua thoi gian bé sung carotenoids tir vé tom (TN7)

Thi nghiém duoc thiét ké voi 5 nghiém thie tuong tng véi 5 khoang thoi gian
bd sung carotenoids khéac nhau (75, 60, 45, 30 va 15 ngay), nham xac dinh khoang thoi
gian bo sung thich hop nhit dé cai thién mau sic va ting truang caa ca khoang ¢6 nemo.
Tat ca cac nghiém thire déu duoc tién hanh trong 75 ngay, vai thoi diém bat ¢au bo sung
carotenoids khac nhau, lan luot tir ngay 0, 15, 30, 45 va 60 cua thi nghiém. Nhu vy,
thoi gian thuc té ca duoc an thire dn bd sung carotenoids tuong ung vai thiét ké trén lan
luot 12 75, 60, 45, 30 va 15 ngay. T4t ca cac nghiém thirc déu dugc thu miu va danh gia
cling ngay (ngay thix 75), dam bao tinh d6ng nhat va kha ning so sanh gitta cac nghiém

thire khi ca dat kich ¢& thwong mai. Mdi nghiém thire duoc thuc hién vai 3 1an lap trong
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thoi gian 75 ngay (Hinh 2.10). Vo tom duoc st dung 1am nguén carotenoids, véi ham
luong bo sung 600 mg/kg thirc an, dua trén két qua thich hop nhat thu duoc tir cac thi
nghiém TN3 - 6. Phuong phap chuan bi va b6 sung carotenoids vao thirc an dugc thuc
hién nhu mo ta trong Muc 2.3.4 va Muc 2.3.5.

Anh huéong cua thoi gian bo sung carotenoids tir vo tom vao thire
an lén mau sac va tang trwong cua ca khoang co nemo

v v ' v v

15 ngay 30 ngay 45 ngay 60 ngay 75 ngay

v v v v

Cac chi tiéu danh gia:
1. Mausic da (L%, a*, b*, C*a. h'ap, AE" )
2. Ham luong carotenoids tich Iiy (trén da, co, toan than)

3. Tang trudng, ty 1& séng va hiéu qua st dung thirc an

Y

Thoi gian bd sung carotenoids tir vé tém thich hop

Hinh 2.10: B6 tri thi nghiém vé anh hwdng cuaa thoi gian b6 sung carotenoids tir
vo tom
Ca khoang ¢6 nemo giéng (3,20 + 0,02 cm va 0,62 + 0,04 g) duoc tha nudi voi
mat d6 15 con/bé. Céc tiéu chuan vé ca thi nghiém, chuan bi hé théng nuéi tuong tu nhu
dugc mo ta trong Muc 2.3.1 va 2.3.3. Quy trinh cham séc, quan ly, thu thap va danh gia
két qua thi nghiém nhu dugc mé ta trong Muc 2.5.

2.4.3. Pdnh gid hi¢u qud két hop méi trwong va bé sung carotenoids cdi thién mau
sdc ca khoang cé nemo (TN8)

Trong thi nghiém nay, cac thong s tdi wu thu duoc tir két qua cua cac thi nghiém
trudc (TN1 - 7) duoc tong hop nham xay dung quy trinh nudi c& khoang c6 nemo, bao
gom céc diéu kién moi trudng (mau bé, d6 man) va ché d6 bé sung carotenoids (ngudn,

ham lugng va thoi gian).

Thi nghiém duoc bé tri voi hai nghiém thac: (1) Nghiém thire tng dung, 4p dung
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c4c thong s6 toi uu gdm bé mau xanh, d6 man 33%., bo sung carotenoids tir vo tdm véi
ham lwong 600 mg/kg thirc an trong 45 ngay; va (2) Nghiém thtc ddi ching, nubi ca
trong diéu kién san xuat thong thuong véi bé mau trong sudt va khong bd sung
carotenoids (Hinh 2.11).

Ca duoc nudi & quy md san xuat, sir dung bé kinh c6 thé tich 1a 500 lit (120 x 75
x 60 cm, thé tich 540 lit, cip nudc 500 lit) — loai bé dang dugc sir dung dé nudi ca tir
giai doan chiéu dai 3,0 cm t&i khi cung cap cho thi truong (4,0 — 5,07 cm néu nudi 75
ngay hoic 3,5 — 4,5 cm néu nudi 45 ngay). Céa khoang c6 nemo gidng (3,17 + 0,12 cm
va 0,59 + 0,07 g) duoc tha nudi voi mat do 300 con/bé. Ngoai trir sy khac biét vé quy
md nudi, cac tiéu chuan vé cé thi nghiém, nguén gbc va chuan bi hé thdng nudi duoc
thuc hién tuong ty nhu mé ta trong Muyc 2.3.1 va 2.3.3. Mdi nghiém thic dugc thuc hién
VvGi 7 1an 1ap, vao cac thoi diém khac nhau, tuong tng véi cac dot san xuat khac nhau,
kéo dai trong 45 ngdy. Quy trinh chdm soc, quan ly, thu thap va danh gia két qua thi

nghiém duoc tién hanh nhu mé ta trong Muc 2.5.

Panh gia hiéu qua ket hgp méi trweong va bo sung carotenoids de cai
thién mau sac ca Kkhoang c6 nemo san xuat nhan tao

v '

Poi chiing Ung dung Tw nhién
(Ca duoc nudi trong (Ca duoc nuéi ¢ cac diéu (Ca dwoc khai thac tw
diéu kién san xudt kién moi truong va bé sung tw nhién)!
binh thuong) carotenoids thich hop)

v '

Y

Cac chi tiéu danh gia:
1. Mau séc da (L*, a*, b*, C*ab, h*ab, AE"ab)

2. Ham lugng carotenoids tich lily (trén da, co, toan than)

3. Tang truéng, ty 1& séng va hiéu qua st dung thirc 3n

A 4

Ket luan va de xuat

Hinh 2.11: B6 tri thi nghiém danh gia hiéu qua két hop méi truwdong va bo sung
carotenoids cai thién mau sic ca khoang c6 nemo
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Vao thoi diém két thac thi nghiém (ngay tha 45), 30 con ca tir mdi bé (lan lap)
duoc thu ngau nhién dé x4c dinh cac chi tiéu mau sic (da va ham luong carotenoids tich
lily), tang truong, ty 1& sdng va hiéu qua str dung thirc an. Thoi diém thu mau dugc lya
chon dua trén két qua caa thi nghiém trude d6 (TN7), cho thdy day 1a thoi gian bo sung
carotenoids téi wu vé hiéu qua kinh té va ky thuat dé cai thién mau sic ca khoang cd

nemo. Tai thoi diém nay, kich c& c4 thi nghiém dao dong tir 3,5 - 4,5 cm.

Pé dam bao tinh so sanh, mau cé ty nhién (30 con/mau) duoc thu thap tuong tng
V6i thoi diém két thic caa timg 1an 1ap thi nghiém (tdng cong 7 l1an lap, khac thoi diém).
Mic du kich thuéc cé ty nhién thu duoc c6 thé dao dong tir 2 - 10 cm, nhung trong
nghién cizu ndy, chi nhiing cé thé co kich ¢& tir 3,5 - 4,5 cm duogc lya chon dé dam bao
tinh tuong ddng voi c& san xuat nhan tao (nghiém thirc tng dung va ddi ching) khi so
sénh céc chi tiéu nghién ctu. Viéc thu mau ¢4 tu nhién dugc thyc hién vao 3 thoi diém
trong nam, gom 3 lan vao mia xuan, 3 1an vao moa he va 1 lan vao mua thu, tdy thuoc
VA0 Sy San ¢6 cia nguon ca khai thac. Mau cé tu nhién dugc thu ngiu nhién ngay sau
khi khai thac boi ngu dan va chuyén Vé cac co so thu mua/dau méi, dam bao tinh chinh
xac va tuong dong voi thoi diém két thic thi nghiém cuia cac nghiém thic ung dung va
d6i chung. Sau khi thu gom, ca dugc van chuyén bang ti nilon bom oxy vé trai dé tién

hanh xac dinh cac chi tiéu nghién cuu.

Céc chi tiéu mau sic duoc so sanh giira ca ba nhom ca ung dung, dbi chiing va
khai thac ty nhién, trong khi cac chi tiéu ting truong, ty & song va hiéu qua sir dung
thire an chi dwgc so sanh giira hai nhém ca ¢ng dung va ddi chang nham dam bao tinh

tuong dong trong diéu kién nudi.
2.5. Chiam séc, quan Iy, thu thap va danh gia két qua thi nghiém
2.5.1. Cham soc, quan ly

Céa dugc cho an 4 1an/ngay vao cac thoi diém 7h30, 10h00, 13h30 va 16h30.
Luong thire an cung cap dugc diéu chinh dua trén quan sat mac d6 thoa man cua ca,
nham t6i uu hoa luong thic an st dung va giam thiéu luong thic an du thira. Sau 30
phat cho an, thirc an thira (néu c6) duoc thu gom bang phuong phép siphon (sir dung
vot, 6ng hat, pipet nhua, chau nhwa nén trang) va bao quan trong ngin dong tu lanh (-
20°C). Cac mau thirc n nay dugc say khd & 60°C trong 24 gio dé dat do 4m tuong

duong voi thire an ban dau (khoang 10%). Luwong thirc dn thuc té ca st dung duogc tinh
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toan dua trén lwong thirc dn cho c4 an va luong thirc 3n con lai sau mdi lan cho in (bao
gom ca luong du da sdy kho). Dit liéu nay duoc sir dung dé danh gia hiéu qua sir dung

thirc an cua ca, nhu duogc trinh bay trong Muc 2.5.2.2.

Bé nudi dugc vé sinh va loai bo chat thai, bao gém phan va chat ban, bang phuong
phép siphon vai tan suat 2 1an/ngay (6h30 va 17h30). Nudc ngot dugc bd sung dé bu dap
lwong nudc bay hoi va diéu chinh do man trong khoang 32 - 34%o (ngoai trir Thi nghiém
2 trong d6 d6 man duoc kiém soat theo ting nghiém thic). Binh ky hang tuan, toan bo
luong nuéc trong hé thong bé nudi duoc thay tir 30 — 50%, nham cai thién va duy tri chat
luong nudce. Tinh trang bé nudi, hoat dong cua ca va sé luong ca chét duoc theo doi va

ghi chép hang ngay dé tong hop va phan tich vao thoi diém két thic thi nghiém.

Céc yéu té méi truong nude, bao gom nhiét d6, d6 man, pH, ham lwong oxy hoa
tan (DO) va ham lugng ammonia tong s6 (TAN), dugc xac dinh dinh ky (2 ngay/lan)
hozc khi can thiét, va duy tri trong pham vi thich hop vai ca khoang c6 nemo (ngoai trir
d6 man trong TN2). Nhiét do duoc do bang nhiét ké thiy ngan (d6 chinh xac + 0,1°C).
Do man duoc do bang khic xa ké (ATAGO, Nhat Ban, voi do chinh xac + 1,0%o0). Oxy
hoa tan va pH duoc do bang may do cam tay LAQUA WQ-310 (HORIBA, Nhat Ban),
d6 chinh xac lan luot 1a + 0,1 mg O2/L va + 0,1 don vi. TAN dugc x4c dinh bang bo test
(Sera, Dtrc), do chinh xac + 0,1 mg/L. Cac thdng s6 méi trudng nude duoc duy tri 6n
dinh vai nhiét @o tur 27 - 31°C, pH tir 7,8 - 8,2, @6 man tir 30 - 35%o, DO > 5,0 mg/L va
TAN < 1,0 mg N/L. Dt liéu c4c thdng s6 méi trudong ctia mdi thi nghiém duoc tong hop
va trinh bay trong Phu luc 3.7.

2.5.2. Thu thdp va danh gia két qud

Phirong phdp thu mau ca:

Vao thoi diém két thac thi nghiém, toan bo ca & cac nghiém thic duoc bo doi
trong 24 gio dé dam bao rudt ca rong, tranh anh huong dén két qua do dac, va gay mé
bing Ethylene Glycol Monophenyl Ether (Merck KGaA, Darmstadt, Dic) véi nong do
500 ppm trong thai gian 5— 10 gidy [136]. Ca dugc tham kho bang giay tham trugc khi
tién hanh do dac céc chi tiéu sinh truéng (chiéu dai, khéi lwong) va mau sic. Viéc do
dac duoc tién hanh véi toan bo sé lugng ca con lai trong bé tai thoi diém két thic thi

nghiém. Chi tiét chi tiéu va phuong phap xac dinh nhu sau:
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2.5.2.1. Mau sdc da ca

Mau sic da duoc x4c dinh thong qua do mau truc tiép trén da ca bang may do mau
ki thuat s6 CR-400 Chroma Meter (KONICA Minolta Sensing, Inc., Osaka, JAPAN).
TAt ca cac mAu ca tai thoi diém két thic thi nghiém (ngay sau khi do chiéu dai, khoi
lwong) duoc do mau. Ca duge do mau & ¢a hai bén than, tai vi tri duoc giéi han bai bén
méc giai phau: vy lung mém (phia trén), vay hau mén (phia dudi), soc trang thir hai va
soc trang thir ba tinh tir dau ca (lan luot 12 méc giéi han phia trudc va phia sau) (Hinh
2.12). Tai mdi bén than c4, vi tri do mau dwoc 13p lai ba lan dé tinh gia tri trung binh.
May do CR-400 Chroma Meter duoc thiét lap dé thuc hién cac phép do mau tuyét ddi &
ché do do L", a", va b (Hé mau CIE 1976, Hinh 2.12) bang cich st dung dén chiéu séang
D65 gan véi mot dng chiéu sang bang thay tinh (CR-A33F) két ndi véi may tinh. Phuong
phap do, ché d6 cai dit va diéu kién do dugc thuc hién theo huéng dan cia nha san xuét.
Hé théng do mau CR-400 duoc thiét ké theo tiéu chuan cua CIE (International Committee

on lllumination) st dung:
L" dé do d6 sang - toi, vai pham vi tir téi (0) toi sang (100),
a" dé do sac tb mau xanh 14 téi do, vai mau xanh 14 (a) téi mau do (a¥),

b™ dé do sac té mau xanh duong tGi vang, voi xanh duong (b°) téi mau vang (b”).

(L', a’, b') .......................... Q ’ +b* ’
c ab
/] hab
Xanh I po u LN +a*.
L -axis
Vuéng géc véi mat phang a*, b*
Xanh dwong

Hinh 2.12: Biéu dién hé toa d§ mau CIE Lab (L", a", b") va LCh (L", C"a, h"an)
Nguon: https://www.ulprospector.com/knowledge/16423/
Ngoai ra, cac thong sé do ludng mau sac khéac, gom do bdo hoa mau (C*a, d6 ruc
r& hay do tinh khiét cia mau sic), tdng mau (h™a, géc mau hay goc sic do) ciing nhu sy
khé&c biét vé mau sac tong thé giira cac nhom xir Iy so véi dbi chimg (AE™ab) cling duoc
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str dung dé danh gia mau sic da cé giira cac nghiém thic thi nghiém (Hinh 2.12).

C"a 12 chi sb do lvong do bdo hoa caa mot mau sac, khdng ké dén do sang, vai
pham vi tir trung tinh/xam (0) téi do bio hoa ti da (100). o bao hoa cao co nghia 1a
MAU SAC ryc ry va sic nét hon, trong khi d6 bdo hoa thap c6 nghia 1a mau sac nhat va
gan vai mau xam. Gia tri caa Ca duoc xac dinh dya trén gid tri cia a” va b”, theo cong
thiuc C'ab = (a2 + b™2) Y2 [192].

h*a 1a tham sé biéu dién mau sic cu thé cua ddi tugng dya trén vi tri trén vong
tron mau, véi pham vi @6 (0/360°), vang (90°), xanh I& cay (180°), va xanh duong (270°).
Goc mau gitp xac dinh mau sic co ban ma con ngudi cam nhan duoc tir d6i tuong, vi
du nhur mau do, xanh 14 ciy, xanh duong hay vang. Gia tri h"a dugc xac dinh theo cong
thirc h™ap = arctan (b*/a”) [192].

Dé danh gia tac dong cua yéu té nghién ciru (mdi trudng hay dinh dudng) 1én
mau da ctia ca khoang ¢ nemo, gia tri mau sic trung binh (L*, a", b") cua c& & cac nhém
xir Iy duoc so sanh vai gia tri trung binh ciia nhom ddi chimg (AE ). Sy khéc biét mau
sac tong thé duge xac dinh bai Uy ban Chiéu sang Quéc té (CIE 1976) va dugc ap dung
rong rai trong cac nghién ctru lién quan dén do ludng va so sénh mau sac thuc pham
[192]. Theo d6, gia tri trung binh vé sy khac biét mau sic (AEa) gitra nhom ca khoang
¢ nemo ddi ching (L1", a1”, b1") va nhom ca xir ly (L2", a2”, b2") duoc tinh theo cong
thire AE™ = [(L"1 - L™2)% + (@"1— a"2)? + (b"1— b"2)?]2 Gia tri AE"& cang cao cho thay

su khac biét cang rd rét gitta nhdm nghiém thirc xir Iy va nhom déi ching.

1 2 3 4 S 6

Hinh 2.13: Thang do mau Clownfish Exercise [175]

Déi v&i noi dung tng dung (TN 8), chat luong mau sic cua ¢ cung cap cho thi
truong dugc danh gia cam quan két hop véi chdm diém theo thang do Clownfish
Exercise (Hinh 2.13). Do d6, nghién ctru da hudn luyén 05 hoc vién dé thuc hién viéc

danh gia va cho diém maot cach nhat quén. Viéc danh gia duoc ap dung véi toan bd sd
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mAu cé (30 con) ngay sau khi do chiéu dai va khéi lugng. Thang do, phuong phap danh
gia theo md ta trong cac cong bé trude day [137, 175]. Biém sé trung binh & mdi nghiém

thire hodc lan 13p (ting dung, d6i chting va tu nhién) duoc sir dung dé danh gia két qua.
2.5.2.2. Ham lwong carotenoids tong so tich liy trong co thé cé

Ham luong carotenoids tong sé trén da, co, toan than, va thirc an (nguyén liéu,
trugc va sau khi tron) duoc xac dinh bang may do quang phé UV-Vis (UV-visible
spectrophotometer) theo phuong phap moé ta bai Ramamoorthy va Garcia-Romero cung
mot s6 diéu chinh nho [73, 162]. Cac mau thu thap phuc vu phan tich gom: da (0,25
g/mau, duogc thu thap tir ca hai bén than ca), co (0,25 g/mau, phan thit ca sau khi di tach
da), toan than (1 — 2 g/mau, nguyén con), va thirc an (1 g/mau). Cac mau dugc nghién
trong axeton (20 mL) cd chtra 1,5 g natri sunphat khan (Na2S04) bang thiét bi ddng hda
mau (Model T10, Ultra-turrax®, IKA, Pirc). Sau d6, mau duoc loc bang gidy loc, va qua
trinh nay duoc 1ap lai 3 lan cho dén khi dich loc tro nén khéng mau. Céc dich loc sau d6
duoc ly thm & tée do 10.000 vong/phlt ¢ nhiét do 4°C trong 15 phit. Do hap thu quang
phd cia dich chiét sau ly tam dugc do bang may quang phd ké (Biochrom Ltd,
Cambridge, Anh) ¢ budc song 450 nm va 480 nm, tuong (ng véi carotenoids tong sd
va astaxanthin. Két qua dugc biéu thi bang microgam trén gam (ug/g) va duoc tinh bang
cbng thuc sau.

Ham luong carotenoids tong s (Hg/g) = A x V x D x 10*/ (W x E1cm'™)

Trong d6: A 1a @6 hap thu; V 1a tong thé tich cua dich chiét (mL); D la ty 1¢ pha
lodng; W 1a khéi lugng ciia mau (g); va Exem!™ 12 hé sé quy ddi, vai gié tri 2.100 (dung
mdi dau an = 2.100, budc séng hap thy 450 nm hozc 480 nm, twong (ng Vai carotenoids
téng sé hoic astaxanthin).
2.5.2.3. CAc chi tiéu ddnh gid tang trong, ty 16 séng va hiéu qud sir dung thize dn

Cac chi tiéu danh gid téc dé ting trieong:

Chiéu dai toan than (TL) cua ca, khoang cach tir mat mdm khi ca déng miéng
dén cudi vay dudi, duge do bang gidy do ki thuat (200 mm, do chinh xac 1,0 mm) (Hinh
2.14). Khéi lugng toan than (BW) ¢4 duoc x4c dinh bang can dién tir VNS LED-A (Viét
Nhat, kha ning can téi da 600 g, d6 chinh xac 0,01 g). Chi tiét thong sé va cong thuc
tinh toan nhu sau:
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+ Tdc d6 tang truong CD dac trung: SGRL (%/ngay) = [(LnLz - LnL1) / t] x 100
+ Tdc d6 tang truong KL didc trung: SGRw (%/ngay) = [(LnW2 - LnW1)/t] x 100
+ Heé sb phan dan chiéu dai: CVL (%) = SDL / Mean. x 100

+ Heé sb phan dan khéi lugng: CVw (%) = SDw/ Meanw x 100

+ Hé s6 diéu kién: CF (g/cm?®) = 100 x W/L3

Trong d6: L1, L2 la chidu dai c4 tai thoi diém bat dau va két thuc (cm); Wi, Wz la
khéi luong ¢ tai thoi diém bat dau va két thac (g); t 1a thoi gian thi nghiém (ngay), dao
dong tir 45 - 75 ngay tly theo thiét ké caa ting thi nghiém cu thé; SD 1a do léch chuan.

Hinh 2.14: Phuwong phap do chiéu dai (miii tén) va mau sic da ca (vong tron)

Ty 1é song:

Ty lé sdng cua ca (SR) dugc xac dinh vao thoi diém két thic thi nghiém can cir
Va0 sb c& tha ban dau va s6 c& con lai vao cudi thi nghiém, va dugc tinh toan theo cong
thirc: SR (%) = [N2 / Ni] x 100.

Hiéu qua su dung thuee an:

C4c chi tiéu danh gia hiéu qua st dung thire an dugc xac dinh can ctr vao luong
thire an cho ¢4 an (FF), luong thire an con lai (FL, dd bao gdm thirc an du sdy khd) va

khéi lwong ca tang 1én, phuong phap tinh cu thé nhu sau:
+ Luogng thire an tiéu thu: FI (g/con) = [FF —FL] /N
+ Heé s6 chuyén héa thic an: FCR = FI/ [(W2 + D) — W1]

+ Hi¢u qua str dung protein thicc an: PER = [W2—W1] / (FI % P)
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Trong d6: FF, FL 1a lwong thirc 3n cho c4 an, con lai (g) (43 bao gom thic dn du
say kho); N1, N2 1a sé luong ca ban dau va két thic thi nghiém, N 1a tong s6 cé thi

nghiém (con); D 1a khéi lwong ca chét (g); P 1a ham luong protein (%) trong thic an.
2.5.2.4. Thanh phdan sinh hda va hogt tinh enzyme tiéu hoa
Thanh phan sinh héa co thé ca:

Sau khi gy mé, do chiéu dai va khéi lugng, nghién ciru da thu ngiu nhién 4 — 5
con cé tir mdi bé (hay lan ldp, twong dwong 12 — 15 con/nghiém thirc). Mau ca dugc bao
quan trong ngin dong ta lanh trudc khi chuyén dén luu trix trong ta dong sau -80°C cho
dén khi phan tich. Bé chuan bi mau phan tich, ca dong lanh dugc nghién thanh bot min
str dung may nghién mau (Model T10, Ultra-turrax®, IKA, Buc). Mau bot ddong nhat

duoc chia thanh cac phan nho dé phan tich céc chi tiéu sinh hoa.

Céc chi tiéu sinh hoa (protein tho, lipid tho, tro va d6 4m) cua thirc in va mau c&
dugc phén tich theo quy trinh cta Hiép hoi cac nha hoa phéan tich chinh thirc (AOAC)
[20]. Cu thé:

Ham luong protein thd duoc xac dinh bang phuong phap Kjeldahl. Mau duoc
phan hay véi axit sunfuric dam dac o nhiét d6 cao, sau d6 ham lugng nito dugce xac dinh
bang cach chung cat vai NaOH 40% va chuan do véi dung dich H2SO4 0,1N. Ham luong

protein thd duoc tinh toan bang cach nhan ham luong nito véi hé sé chuyén doi 6,25.

Ham luong lipid thd duoc xac dinh bang phuong phap chiét Soxhlet. Mau duoc
chiét véi petroleum ether trong thiét bi chiét Soxhlet trong 6 gio. Dung méi duoc thu hoi
bang cach chung cit va luong lipid thu duoc sau khi siy khé dén khéi lwong khong doi.

Ham lugng tro dugc xac dinh bang phuong phap nung mau ¢ 550°C trong 12 gio.
Sau khi nung, chén nung duoc lam ngudi trong binh hdt 4m va can dé xac dinh khéi
lugng tro.

Do am dugc xac dinh bang cach siy miu ¢ 105°C dén khoi lugng khong doi.
Mau duoc cin trude va sau khi sdy dé tinh toan phan tram do am.

Mdi miu dugc phan tich vai ba 1an 1ap ki thuat. Tat ca cac két qua duoc biéu thi
dudi dang phan tram khéi luong w6t (Yoww). Chi tiét phuong phdp phdn tich dwoc trinh
bay trong Phu luc 3.5.
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Hoat tinh cuza cac enzyme tiéu hda cua ca:

Sau khi gdy mé, do chiéu dai va khéi luong, nghién ciru da thu ngau nhién 4 — 6
con cé tir mdi bé (hay lan lip, twong duong 12 — 18 con/nghiém thirc) duoc thu ngau
nhién. Tiép theo, cac dung cu thu mau chuyén dung duoc sir dung dé tach, thu toan bo
co quan tiéu hda cua ca, bao gom da day, rudt, gan va tuy. Do kich thudc nho cua ca
khoang c6 nemo trong giai doan thi nghiém, viéc tach riéng timg co quan gip nhiéu kho
khin. Vi vay, toan bo cac co quan tiéu héa duge thu chung va phéan tich nhu mot mau
duy nhat, thay vi phan tich riéng r& tirng bo phan. Mau sau khi thu duoc ria sach véi
dém phosphate lanh 50 mM (pH 7,4, chira 0,1% Triton X-100) dé loai bo chat can bé,
sau d6 ngay 1ap tac duoc déng lanh trong nito 10ng va bao quan & -80°C cho dén khi
phan tich. Trugc khi phan tich, mo dong lanh dugc nghién thanh bot min bang cdi va
chay duoc 1am lanh truéc bang nito 10ng. Mau bot duoc dong nhat héa trong dém
phosphate lanh 50 mM (pH 7,4, chira 0,1% Triton X-100) vaity 1€ 1 : 10 (w : V) va ly
tam & 15.000 x g trong 30 phat ¢ 4°C. Dich ndi chira protein hoa tan dugc thu nhan va
str dung dé phan tich hoat d6 enzyme cua toan bo hé tiéu hoa.

Hoat do enzyme protease dugc xac dinh theo phuong phap Anson cai tién [108,
127], v6i mot sb diéu chinh nho. Nguyén tac cua phuwong phép nay la cho protease tac
dung Véi co chét casein va xac dinh ham luong tyrosine sinh ra bang phan tng mau véi
thudc ther Folin-Ciocalteu. Mot don vi hoat do protease dugc dinh nghia 13 lwong
enzyme can thiét dé giai phong 1 pg tyrosine tir casein trong 1 phat & pH 7,5 va nhiét
d6 37°C. Hoat d6 riéng duoc biéu thi dudi dang U/mg protein.

Hoat d6 enzyme lipase duoc x4c dinh bang phuong phap chuan d6 lién tuc pH-stat,
sir dung nhii trong dau olive lam co chat [189]. Nguyén tic cua phuong phap nay 1a cho
lipase tc dung véi co chat dau olive, giai phong axit béo ty do, va xac dinh lugng axit nay
bang chuan do véi dung dich NaOH (0,05N). Mét don vi hoat d6 lipase dugc dinh nghia
14 lwong enzyme can thiét dé giai phong 1 umol axit béo ty do tir du olive trong 1 phit &
pH 8,0 va nhiét @6 37°C. Hoat d¢ riéng dugc biéu thi dudi dang U/mg protein.

Hoat do enzyme amylase duoc xac dinh bang phuong phap st dung thudc thu
DNS (3,5 — dinitrosalicylic acid) [27]. Nguyén tic ciia phuong phap nay 1a cho amylase
tac dung Vi co chat tinh bot, giai phong maltose, va xac dinh lugng maltose sinh ra

bang phan tng mau voi thude thir DNS. Mot don vi enzyme duoc dinh nghia 13 Iuong
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enzyme can thiét dé giai phong 1,0 mg maltose tr tinh bot trong 3 phat o pH 6,9 va nhiét
d6 20°C. Hoat d6 riéng duoc biéu thi duéi dang U/mg protein. Chi tiét phuong phdp
phdn tich dwoc trinh bay trong Phu luc 3.6.

2.6. Phwong phap xir ly s6 ligu

Tinh chuan (normality) va tinh ddng nhit phuong sai (homogeneity of variances)
cua dir liéu dugc kiém tra bang phép kiém dinh Shapiro-Wilk va Levene's test [227].
Péi voi dir lidu ty 1é séng cua ca gidng, phép bién doi arcsin (arcsine transformation)
duoc &p dung dé chuan hoa phan phéi dit liéu va 6n dinh phuong sai [210]. Toan bd sd
liéu dugc phan tich thong ké bang phan mém SPSS phién ban 26.0 (IBM Corp., Armonk,
NY, USA). Phan tich phuong sai mot yéu té (one-way ANOVA) duoc sir dung dé so
sénh su khac biét gitra cac nghiém thic trong thi nghiém 1 - 7, két hop vai phép kiém
dinh phan hang Duncan dé xac dinh su khéc biét co y nghia théng ké giira cac cap
nghiém thirc (p < 0,05). Bi vai thi nghiém 8, kiém dinh Independent-Samples T-Test
duogc str dung dé danh gia su sai khac cia cac nghiém thirc so voi gid tri trung binh tham
chiéu [210].

Tat ca két qua duoc trinh bay dudi dang gié tri trung binh + sai s chuan. Cac gia
tri ty 1& sdng cua ca sau khi phan tich théng ké duoc trinh bay ¢ dang gbc (%) dé thuan

tién cho viéc hiéu va dién giai két qua [210].
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CHUONG 3 - KET QUA VA THAO LUAN

3.1. Anh hwéng ciia méi truwdng nudi Ién ca khoang cé nemo
3.1.1. Anh hwéng ciia mau sdic bé nudi
3.1.1.1. Mau sac da ca

Nghién ctru da danh gia anh huong ciia mau sac bé nudi Ién cac chi tiéu mau sic
daca (L, a",b", C"a, h"a va AE"a). Két qua chi ra rang ca duoc nudi trong cac bé mau
tring, trong sudt va xanh c6 d6 do (a”) va vang (b”) cao hon dang ké so véi ca nudi trong
c4c bé mau cam, tim va den (p < 0,05). D6 sang mau da (L") ciing dat gia tri cao nhit &
ca nudi trong cac bé trang, trong sudt va xanh, vuot troi hon 25,6 — 28,7% so véi bé mau
den (p <0,05) (Hinh 3.1A).

oL* ma* @ b* A

Gia tri mau
o
o
o

0 T T T
Tréng Trong sudt Xanh Cam Tim ben
Mau b&

OC*ab Hh*ab E AE*ab B
30 -~

60 A

Gia tri mau
=y
w
1

30 {4 b b

Trang Trong sudt Xanh Cam Tim ben
Mau bé
Hinh 3.1: Cac chi s0 mau sac da cia ca khoang co nemo dwgc nuéi trong cac bé
c6 mau sic khac nhau: (A) L”, a*, b va (B) C’ab, h*ab, AE ap

Cac gia tri duwoc trinh bay dudi dang Mean + SE (n = 3). C4c ¢t véi cac chir céi khac nhau thé hién su khac
biét cé y nghia thong ké (p < 0,05).
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Mau sic bé nudi ciing anh huéng dén d6 bao hoa mau sic (C*ab), tong mau (h*ab)
va su khé&c biét mau sic so véi d6i chimg (AE"a) (Hinh 3.1B). Ca nudi trong cac bé mau
trang, trong sudt va xanh co do bio hoa cao hon, cho thiy mau sic cam — d6 sau va sic
s& hon so voi cac bé con lai (p < 0,05). Ngoai ra, ca nudi trong bé trang c6 tdng mau
thién vé& vang/hd phach, trong khi cac bé khac, dic biét 1a bé xanh va trong suét, thién
vé tong mau do va cam nhiéu hon (p < 0,05) (Hinh 3.2). Chi s6 AE"a cho thay nudi ca
trong cac bé mau den, cam va tim din dén sy suy giam dang ké vé mau sac so voi bé

trong suét (p < 0,05).

Bé trang Bé trong

Hinh 3.2: Mau sac cia ca khoang ¢ nemo dwgc nudi trong cac bé mau khac nhau

Tong hop cac két qua trén, ca nudi trong cac bé mau xanh, trong subt va trang so
hitu mau sac tong thé dep va ruc rd hon so véi ca nudi trong bé cam, tim va den (Hinh
3.2). Tuy nhién, xét tim quan trong ctia mau do - cam trong danh gia mau siac ca khoang
cd nemo, cac bé mau xanh va trong suét dugc danh gia 1a phu hop nhit cho muc tiéu cai

thién va nang cao mau sic cua lodi ca nay trong thuc tién san xuat.
3.1.1.2. Ham fwong carotenoids tong sé tich liy trong co thé cé

Nghién ctu cho thdy mau sic bé nudi ¢ anh huong dang ké dén su tich liy
carotenoids trén da ca khoang ¢4 nemo (Hinh 3.3). C4 nudi trong bé mau xanh va trong
suét co ham lugng carotenoids trén da cao nhat, lan luot 1a 38,1 va 36,1 pg/g, vuot troi
hon so v&i bé mau den (23,3 pg/g) (p < 0,05). Mtic ting tuong Gng lan luot 13 63,4% va
54,6%. Tuy nhién, sy tich lity carotenoids trong co va toan than ca khong khac biét co
¥ nghia thdng ké giira cac nghiém thirc, dao dong lan luot tir 1,77 — 3,07 ug/g va tir 8,76

—12,9 ug/g (p > 0,05).
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Hinh 3.3: Ham lwong carotenoids tong sb tich lity trong co thé ca khoang c6 nemo

(ng/g) duge nudi trong cac bé c6 mau sic khac nhau
CAc gia tri duwoc trinh bay dudéi dang Mean + SE (n = 3). CAc cét vdi cac chir cai khac nhau thé hién su khac
biét co y nghia thong ké (p < 0,05).

Két qua trén cho thay mau sic bé nudi 1a yéu té quan trong anh huong dén su tich

lity carotenoids trén da c& khoang co nemo. Trong d6, bé mau xanh, trong suét va trang

da thé hién tac dong tich cuc, mo ra tiém nang wng dung trong san xuat nham cai thién

chat luong va gi4 tri thuong pham cua loai ca canh nay.

3.1.1.3. C4c chi tiéu tang trurong, ty 1é song va hiéu qud si dung thie dn

Cac chi tiéu tang truong, ty 16 song:

Két qua cho thdy mau sic bé nudi anh hudong dang ké dén ting truong chiéu dai

caa ca khoang c6 nemo (Bang 3.1).

Béang 3.1: Tang truéng va ty 1€ song cua ca khoang co6 nemo dugc nudi trong cac
bé c¢6 mau sac khac nhau

Chi tiéu Maube

! Tring Trong sudt Xanh Cam Tim DPen
L1 (cm) 330+002 330+002 330+002 330+002 330+0,02 3,30+0,02
W1 (g) 065+002 065+002 065+002 065+002 0,65+0,02 0,65+0,02
L2 (cm) 394+0,02° 377+0,02° 393+0,02° 384+004° 385+0,03% 3,81+0,03°
W2 (g) 1,25+0,01° 1,04+0,01* 1,23+0,02° 1,13+0,04*> 1,16+0,01° 1,10+0,03®
SGRL 0,29+0,01° 0,22+0,01* 0,29+0,01° 0,25+0,02° 0,25+0,01* 0,24 +0,01°
(%/ngay)
SGRw 1,09 +0,02° 0,79+0,02° 1,07+0,03° 0,92+0,05° 0,96+0,02° 0,87 +0,04®
(%/ngay)
CVL (%) 8,11+043 7,02+019 7,12+037 867+047 860051 6,78+0,89
CVw (%) 23,3+0,99° 212+0,83® 190+0,79° 258+1,94° 256+1,64° 20,9+1,12%
CF(gem®  2,05+0,02° 1,96+0,01* 2,03+0,01°° 1,99+0,02® 2,03+0,03" 1,99+ 0,01%
SR (%) 955+223 978+223 955+223 91,1+220 955+223 955223

Sé liéu duroc trinh bay dwdi dang Mean + SE (n = 3). Cac gia tri trung binh mang ky tr chiz cai khac nhau trong
cung hang thé hién sy khac biét ¢ y nghia thong ké (p < 0,05).
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Sau 60 ngay nudi, ca trong bé trang va xanh dat chiéu dai (L2) va toc do ting
truong chiéu dai dic trung (SGRL) cao hon so vdi cac mau bé con lai (p < 0,05). Xu
huéng twong ty cling duoc ghi nhan d6i véi khdi luong trung binh (W2) va tée do ting
truong khdi lwong dic trung (SGRw), Véi két qua tét nhit & bé tring va xanh, thap nhat
& bé trong sudt va den (p < 0,05). Két qua nay cho thidy mau sic bé nubi la yéu té quan
trong anh huong dén ting truong caa ca khoang ¢ nemo, trong d6 bé mau trang va xanh
14 thich hop nhat. Mac du vay, mau sac khdng anh hudng dang ké dén ty 18 song cua cé,
dao dong tir 91,1 — 97,8% (p > 0,05).

Ca duoc nudi trong bé xanh c6 hé sé phan dan khéi lugng thap nhat (19,0%),
khac biét dang ké véi bé trang, cam va tim (p < 0,05; Bang 3.1). Tuy nhién, hé s6 phan
dan chiéu dai khéng bi anh huong bai mau sic bé nudi (p > 0,05). C4 nudi trong bé tring
dat hé sb diéu kién cao nhat, khéac biét so véi bé trong sudt, cam va den (p < 0,05), nhung

tuong duong bé tim va xanh (p > 0,05).

Hiéu qua su dung thuze an:

Két qua cho thay sy khac biét dang ké vé lugng thic an tiéu thu (F1), hé s chuyén
hoa thirc an (FCR) va hiéu qua st dung protein (PER) gitra cac nghiém thac (Bang 3.2).

Béang 3.2: Hiéu qua sir dung thirc an cia ca khoang c6 nemo dugc nudi trong cac
bé c¢6 mau sac khac nhau

Mau bé
Chi tiéu

Tring Trong suét Xanh Cam Tim Pen

FI(g/con) 0,98+0,03® 0,79+0,03% 0,97+0,02° 0,90+0,05® 0,95+0,04> 0,89+ 0,04

FCR 1,62 +£0,02¢ 2,01+0,02° 1,66+0,05 189+0,04° 1,88+0,02° 1,99 +0,04°

PER 1,12+0,02° 0,91+0,01* 1,09+0,03° 0,96 +0,01® 0,97+0,01° 0,92+0,02%®

S6 liéu dwoc trinh bay dwdéi dang Mean + SE (n = 3). CAc gid trj trung binh mang ky ti ché cai khac nhau trong
cuing hang thé hién s khac biét c6 y nghia thong ké (p < 0,05).

Ca nubi trong bé trang va xanh dat két qua tot nhat, trong khi bé trong suét cho
két qua kém nhit (p < 0,05). So vai bé trong sudt, bé trang va xanh giam 17,4 — 19,4%
hé sé6 FCR va ting 19,8 — 23,1% hé s6 PER. Két qua cho thdy mau sac bé nudi anh
huong dang ké dén hiéu qua st dung thac an ctia ca khoang ¢6 nemo, trong d6 mau

trang va xanh 1a mau sic phu hop nhat.
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3.1.2. Anh hwéng ciia dp man

3.1.2.1. Mau sac da ca

Két qua cho thiy ¢6 min anh huong dang ké dén mau sic da ca khoang c6 nemo
(Hinh 3.4). C4 nudi & d6 mian 33%o dat d6 d6 mau da (2") cao nhat, vuot tréi hon 48,6%
S0 V&i gia tri thap nhat & d6 man 9% (p < 0,05). Bo vang (b*) va 6 bdo hoa mau sic da
(C") dat cao nhét & 39%o, thap nhat & 9% (p < 0,05; Hinh 3.4A, 3.4B). Nguoc lai, 6
sang (L") va tdng mau da (h*a) cao nhit & 9%, thap nhat & 33%. (p < 0,05).
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Hinh 3.4: Cac chi s0 mau sac da ctia ca khoang co nemo dwgc nubi é cac mirc do

min khac nhau: (A) L, a", b" va (B) C"ab, han, AE ap

CAc gia trj duwoc trinh bay dudi dang Mean + SE (n = 3). CAc cét véi céc chir cai khac nhau thé hién si khac

biét co y nghia thong ké (p < 0,05).

Sy khéc biét mau sic tong thé (AE™a) so véi nhom ddi chimg 33%o taing khi do
man giam, Vi mac cao nhat & 9%o va thap nhat ¢ 21, 27 va 39%o (p < 0,05) (Hinh 3.4B).

Tuy nhién, khdng c6 sy khac biét dang ké vé mau sac da ca giira hai nhom 33%o va 39%o

& tat ca cac chi tiéu (p > 0,05).
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Hinh 3.5: Mau sac ca khoang ¢6 nemo dwgc nudi trong cac bé c6 d) man khac nhau

Téng hop két qua cho thay do man anh huong rd rét dén mau sic da ca khoang
cd nemo. C4 nudi & d6 man cao tir 33 - 39%. thé hién mau sic da tt nhat, véi mau cam
dam, ruc rd va c6 chiéu sau hon so véi cac nhom d6 man thap vén c6 mau da sang hon

nhung thién vé sic vang nhat (Hinh 3.5).
3.1.2.2. Ham lwong carotenoids tong so tich liy trong co thé cé

Két qua cho thdy d6 man anh huong dang ké dén ham luong carotenoids tong sb
tich liiy trong co thé c& khoang c6 nemo (Hinh 3.6). Trong khoang do man 9 - 33%o,
ham lugng carotenoids tich lily trén da, co va toan than ca tang ty I¢ thuan vai ¢o man.
Cé& nudi ¢ 33%o c6 ham lugng carotenoids tich lily cao nhat, ting lan Iuot 87,6%, 80,5%
va 53,6% ¢ da, co va toan than so Vi €d & 9%o (p < 0,05). Tuy nhién, khong c6 su khac
biét dang ké vé ham lugng carotenoids téng sé tich liy trén da va co giita ca nudi & 33%o
va 39%o (p > 0,05).
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Hinh 3.6: Ham lwong carotenoids tong sé tich liiy trong co thé ca khoang ¢6 nemo
(ng/g) dwge nudi & cac mirc d0 man khac nhau
CAc gia tri duwoc trinh bay dudi dang Mean + SE (n = 3). C4c cét véi cac chir cai khac nhau thé hién su khac
biét ¢6 y nghia thong ké (p < 0,05).
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Két qua phan tich sic to cho thdy d6 man 33 - 39%, 1a phu hop nhit cho qua
trinh tich lily carotenoids & c4 khoang co nemo, gop phan cai thién dang ké mau sac
thuong mai caa loai cd canh nay.
3.1.2.3. CAc chi fiéu ting trueng, ty Ié song va hiéu qud si dung thite dn

Cac chi tiéu tang truong, ty 16 song:

Két qua cho thdy do man anh huong dang ké dén tang truong va ty 1é sdng cua
cé khoang c6 nemo (Bang 3.3). Ca nudi & 33%o dat toc do tang truong dic trung vé chiéu
dai (SGRL) va khdi luong (SGRw) cao nhat, vugt troi so vai & 9%, voi mic chénh léch
tuong tng 50,0% va 80,0% (p < 0,05). Tuy nhién, SGRL khéng khac biét c6 y nghia
thong ké gitra 33%o va 39%o, ciing nhu SGRw khong khéc biét gitra cac mirc do man
27%o, 33%o vi 39%o (p > 0,05).

Hé s6 phan dan chiéu dai (CVL) thap nhit & 39%o, trong khi cao nhat & 15 - 33%o
(p < 0,05). Tuy nhién, hé sé phan dan khéi lugng (CVw) khdng khac biét dang ké giira
cac nghiém thirc. Hé sb diéu kién (CF) va ty 1é séng (SR) dat két qua cao hon dang ké
& 15 - 39%o S0 VGi 9% (p < 0,05; Bang 3.3).

Bang 3.3: Tang truwéng va ty I€ song cia ca khoang ¢6 nemo dwgc nudi & cac mire

do man khac nhau

Y i Po man
Chi tiéu
9%o 15%o 21%o 27%o 33%o 39%e

L1 (cm) 325+0,08 325+008 325+0,08 325+0,08 3,25+0,08 3,25+0,08

Wi (g) 0,67+005 067+005 067+005 067+005 067+005 0,67+0,05
L2 (cm) 3,71+0,02¢ 3,79+0,01° 3,83+0,02° 3,90+0,02° 3,97+0,019 3,93+ 0,03
W2 (g) 0,93+0,02¢ 1,05+0,02° 1,07+0,03" 1,13+0,02°° 1,22+0,03° 1,16 +0,04°
(S()/G/Eé‘ay) 0,22+0,01* 0,26+0,01° 0,27+0,01° 0,30+0,01° 0,33+0,019 0,32 +0,01

0

SGRw a b b bc c (o
(%/ngay) 0,55+0,04% 0,75+0,03° 0,78+0,04° 0,87+0,02°° 0,99+0,05° 0,92+0,06

CVL (%) 519+0,46° 7,31+0,75° 7,21+0,05 6,84+0,38 7,49+0,66° 3,67+0,02%
CVw (%) 19,1+162 250+3,00 235+133 225+167 244+175 214+120
CF (g/em®  1,83+0,02*% 1,92+0,01° 1,90+0,03" 1,91+0,02° 1,95+0,03° 1,92+0,03°
SR (%) 751+6,24% 933+384° 978+223" 978+223" 100+0,00° 97,8+223°

S6 liéu duwoc trinh bay diwdi dang Mean + SE (n = 3). Céc gia trj trung binh mang ky tw chiz cai khac nhau trong
cting hang thé hién sy khac biét cé ¥ nghia thong ké (p < 0,05).

Céc két qua khang dinh vai trd quan trong cia do man di v6i ting truong va ty
16 séng cua ca khoang c6 nemo. Do min 33%. dugc xac dinh 13 muc tbi wu, tuy nhién

c& c6 thé thich nghi tot trong khoang 27 - 39%o.
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Hiéu qua su dung thue an:

D6 man anh huong dang ké dén luong thic an tiéu thu (FI), v6i xu hudng an
nhiéu hon ¢ d6 man cao (Bang 3.4). Tuy nhién, FI khdng khéc biét co y nghia thng ké
gitra cac muc 21 - 39%o (p > 0,05).

Bang 3.4: Hiéu qua sir dung thirc an cta ca khoang ¢6 nemo dwoc nuéi ¢ cac mirc
do man khac nhau

Po man
Chi tiéu

9%o 15%o 21%o 27%o 33%o 39%o

FI(g/con) 0,95+0,05 1,09+0,02° 1,15+0,03* 1,17 +0,03* 1,25+0,05° 1,27 +0,04°

FCR 2,09+ 0,080 2,00+0,02¢ 1,97 +0,04°¢ 181+0,02% 1,75+0,08 1,87 + 0,042

PER 0,49+0,03* 0,63+0,02° 0,64+0,03" 0,71+0,02° 0,80+0,05° 0,71+ 0,04>

Sé liéu duwoc trinh bay diéi dang Mean + SE (n = 3). CAc gia trj trung binh mang ky tw chiz cai khac nhau trong
cling hang thé hién si khac biét c6 y nghia thong ké (p < 0,05).

Céc chi tiéu FCR va PER cho thay su khac biét dang ké giita cac mac d6 man.
Ca nudi & 33%o thé hién két qua tét nhat, véi muc giam 16,3% FCR va tang 63,3% PER
S0 V&1 9%o (p < 0,05). Tuy nhién, ca hai chi tiéu nay khéng khac biét c6 y nghia thong
ké gitra cAc muc do man 27 - 39%o (p > 0,05).

Téng hop két qua cho thiy ca khoang ¢ nemo st dung thirc dn hiéu qua nhét

trong khoang 27 - 39%o, v6i 33%o 1a @6 man téi uu cho nuoi thuong mai.
3.1.3. Thdo lu@n vé anh hwéng ciia méi truwong nudi

3.1.3.1. Anh huong ciia mau sac bé nudi

a. Mau sdc da va ham liwong carotenoids tich lity

Véi ca canh néi chung va ca khoang c6 nemo ndi riéng, mau sac Ia chi tiéu duoc
quan tim hang dau. Két qua nghién ciru da ching minh rang mau sic bé nudi ¢ anh
huong dang ké dén mau sic cua ca. Cu thé, ca duoc nudi trong cac bé mau xanh va trong
suét c6 mau do dep va ruc rd hon (véi a” cao va h'a thap) so véi cac bé mau con lai.
Trong khi d6, ca duogc nudi trong bé mau tring c6 mau vang va nhat hon (b” cao va ha
cao) so voi cac bé mau khac. Mau bé nudi cling 1am thay doi d6 séng mau da cé, vai cac
bé mau tring, trong va xanh cho mau da sang hon (L cao va C"a cao) trong khi bé den
lam da c4 tré nén xin mau (Hinh 3.2). Két qua nay twong dong véi bao cdo trudce day cho
rang ca khoang c6 nemo duoc nudi trong cac bé mau xanh duong va xanh 14 cay c6 mau
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cam d6 hon trong khi ¢ dugc nudi trong bé trang c6 mau vang va sang hon [221]. Pang
chdy, mac di ca khoang c6 nemo c6 mau cam — d6 nhung viéc nudi ching trong bé mau
cam va d6 trong nghién cau hién tai va trudc day déu khdng cho thay sy cai thién cac
tdng mau mong mudn nay so vai cac mau bé con lai, tham chi do cam — do trén da ca
con thé hién xu hudng kém hon so vai cac bé xanh va trong sudt (Hinh 3.1 va 3.2) [221].
Nghién cau hién tai da bo sung thém mau trong suét ciing 1a mau thich hop cho nudi ca
khoang c6 nemo néu xét vé hiéu qua cai thién mau sic trong khi cac mau tdi, dic biét Ia
mau den, nén han ché st dung. Tuy nhién, Diaz-Jiménez va cong su béo céo rang ca
khoang ¢4 nemo nudi trong bé den cho thdy mau da d¢6 dam hon va vién den rd hon so
VGi bé trang. Vién den day va dam hon c6 thé 1a nd lyc trong qué trinh thich ¢ng véi mau
nén cia ca — diéu ciing dugc ghi nhan trong nghién cau hién tai (Hinh 3.2). Mic du vay,
su khac biét v& do d6 mau da giira hai nghién ctu ndy can dugc nghién ctu sau hon.
Piéu nay co thé xuat phét tir su khac biét vé dén chiéu/phd anh sang st dung trong hai

nghién ctu, voi anh sang trang va do dugc ting cudng trong nghién ciu trude day [51].

Tac dong cua mau bé 1én mau sac ca khoang ¢6 nemo ciing tuong tu nhu xu
hudng chung dugc ghi nhan & nhiéu loai ca khac (xem Bang 1.4). Theo d6, mau da cua
ca dugc nudi trong cac bé mau trang, vang co do sang cao hon trong khi nudi trong cac
bé mau den, niu, xdm c6 Mau t6i hon. Cac mau bé con lai nhu do, xanh lam ting cac
tong mau do, cam, vang cua da ca [128]. Piéu nay dugc béo cdo trén nhiéu loai c4, nhu
ca trap do (Pagrus pagrus), ca ric ran (Trichopodus pectoralis), c& mu cham bé
(Plectropomus leopardus), ca diéu hdng (Oreochromis mossambicus) hay ca vang
(Carassius auratus) [62, 138, 181, 201, 202]. Viéc nudi cac loai ca c6 mau sic vang,
cam, d6 dam trong cac bé mau khong phu hop, vi du mau tring hay den, khién da ching
trd nén nhot nhat, trang sang hay xin mau thay vi vang, cam, d6 dan dén giam gia tri
thuong mai va kha nang tiéu thy [62, 138]. Su thay d6i mau sic cia ca dudi cac diéu
kién mau bé khac nhau duoc cho 1a ¢o lién quan dén cic co ché than kinh va noi tiét
[119]. Theo d6, ca séng trong bé mau sang, ham lwong ir-MCH ting cao uc ché hoat
dong caa o-MSH trén da 1am ting sic té trang (Leucophores), nhit 1a & mit bung cua
ca [18]. Trong khi d6, bé t6i mau 1am thay doi sy phan tan cua cac sac tb trong té bao
melanophores trong vai gio di kém vai su ting cao cia ham luong a-MSH trong huyét

turong gay hién tugng sam da, téi mau & ca [133].
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Anh huéng cua mau bé nudi 1én sy thay d6i mau sic cia da hay co cta ca co thé
dién ra mot cach tam thai (sinh 1y) hoac 1au dai (hinh thai). Nhiing su thay d6i vé mat
hinh thai thudng ¢ tinh bén virng hon va gan lién véi giai doan phat trién caa c, trong
khi c4c sy thay d6i v& mit sinh Iy thuong din ra trong thoi gian ngan hon, chu yéu duéi
tac dong ctia moi trudng, va cd thé phuc hoi tro lai mau sic ban dau [119, 128, 221]. C4
c6 thé thich ang véi su thay d6i cia mau sic moi truong thong qua do nhay thi giac nho
VA0 CAc té bao cam thy, sic t6 thi giac va cac opsin [41]. Hién twong xuat hién mau ti
& c4 trong bé den va mau sang & ca trong bé trang co thé 1a do co ché nguy trang cua
chdng va nd luc md phong mau sic cia méi truong, mot hién tuong da duoc bao céo
trén mot sé loai ca, bao géom ca khoang ¢ nemo [51, 53, 220, 221]. Trong sé c4¢ mau
sac khac nhau, cac dang cia mau xanh duong nhu phi hop nhat véi ca khoang co nemo,
do ching thuong sdng trong cac hé sinh thai ran san hd, noi mau xanh chiém wu thé
[221]. Mbi treong ndy, cing véi ché do dn cung cip day du cac ngudn sic td tu nhién,
gilp c& khoang c6 nemo dat dugc mau sac cam - do dién hinh cua loai [68]. Dya trén
nhitng hiéu biét nay, cac loai dén mau xanh ciing duoc sir dung pho bién trong cac hé
théng bé nudi ca canh bién [81]. Tuy nhién, cling can luu ¥ rang mau sac cia ca khoang
¢ nemo c6 thé thay ddi khi chuyén sang cac mau bé hay diéu kién anh sang khac nhau
[220, 221]. Mac di vay, cac két qua thu dugc trong cac nghién ciru twong tu VAn s& gidp
dinh huéng cho ngudi nudi, cc nha san xuat/cung cap phu kién cho hoat dong nudi ca
canh bién thiét lap cac diéu kién anh sang, mau bé tdi wu dé ca dat dugc mau sic mong

mudn, bén canh cac diéu kién moi truong va dinh dudng khéc.

Twong ty nhu su biéu hién vé mau da, ca dugc nudi trong cac bé mau xanh, trong
VA trang ciing cho thdy ham luong carotenoids tich liy trong da, co va toan than cao hon
S0 VGi cac mau bé con lai. Két qua nay khac biét voi nghién ciu trude ddy cho rang mau
bé nudi khong anh huong dén ham lwong carotenoids (astaxanthin, beta-caroten,
canthaxanthin va zeaxanthin) & lodi ca nay [221]. Su khac biét nay c6 thé Ia do su chénh
léch vé thoi gian giira hai nghién cau, vai 28 ngay trong nghién ctu cia Yasir and Qin
va 60 ngay trong nghién ciiu hién tai. Bén canh dé, sy khac nhau vé loai thtrc n sir dung
va ham luong carotenoids trong d6 ciing c6 thé gop phan dan dén su khac biét nay. Voi
ky thuat phan tich biéu hién gen scarbl, mot gen quy dinh kha ning hap thu va chuyén
hoéa carotene & ca, Song va cong su nhan thiy ca mi cham bé duoc nudi trong bé mau
d6 va trang cd muc d6 biéu hién gen cao nhat, tiép theo la bé xanh va trong sudt, thap
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nhit ¢ bé den. Cung voi d6, ham luong carotene tich liy trong co thé ca ciing cao hon
& cac bé do va trang, trong khi lutein va melanin lai chiém wu thé trong cac bé trong sudt
va den [181]. Mau bé va anh sang cd thé diéu chinh mau da ca théng qua hormone
neuropeptide va té bao cam quang [177]. Theo Song va cong su, mau bé anh hudng dén
biéu hién gen scarbl théng qua trung tam thi gidc, sau d6 anh hudng dén sy hap thu va
van chuyén carotenoids, cudi cing anh huong dén mau da cia cd md cham bé [181].
Tuong tw, nhitng két qua thu dugc trong nghién ciu hién tai cho thay bé mau xanh hoic
trong c6 loi cho sy ting cudng mau cam — d6 cua ca khoang ¢d nemo hon so véi cac bé
mau khac. Tuy nhién, cac co ché than kinh, néi tiét va di truyén phan tt diéu khién qua

trinh nay ¢ ca khoang ¢ nemo can duoc nghién ctru sau hon trong tuong lai.
b. CAc chi tiéu tang trueng, ty 1é séng va hiéu qud sir dung thire dn

Két qua thu dugc trong nghién ctu hién tai cho thdy mau sac bé c6 tac dong I6n
dén két qua nudi ca khoang c6 nemo. Cu thé, ca duoc nudi trong bé mau trang va xanh
cung dat c4c chi tiéu ting truong, trang thai co thé va hiéu qua st dung thie an tét hon
S0 Véi ca duoc nudi trong cac bé con lai. Nhitng phat hién nay da chi ra ring mau trang
va xanh Ia nhitng mau pht hop nhat cho viéc nudi ca khoang ¢ nemo. Két qua nay ciing
tuwong tu Vi nhidu bao cio trude day khi tong hop vé tac dong ciia mau bé ddi voi két
qua wong, nudi & nhiéu nhom ca [128]. Theo dd, cac thong sb ting trudng va hiéu qua
st dung thirc an cta ¢4 ¢6 xu hudng thé hién sy vuot troi khi chung dugc nudi trong bé
mau tring va xanh so v&i cac mau bé khac [59, 62, 70, 93, 113, 128, 133, 138, 144, 149].
Hién tuong nay c6 thé duoc giai thich bai loi thé cua bé mau tring va xanh trong viéc
tao ra do twong phan tryc quan tt hon, gitp ca phan biét dé dang gita moi trudng séng
va thtre an [128]. Didu nay thic day lugng thirc an c4 tiéu thu va chuyén d6i thanh sinh
khéi co thé tot hon, nho do, toc dod tang trudng cua ca cling cao hon. Bén canh do, mau
xanh cling c6 su twong dong cao véi moi trudng séng tu nhién cua cac loai ca ran san
ho, bao gém c& khoang ¢ nemo, noi c6 thanh phan loai san hd, hai quy da dang va nhiéu
mau sic, trong d6, mau xanh thuong 1a mau chiém wu thé [68, 220]. M6i trudng nudi
gan giii véi didu kién tu nhién cd thé mang lai tac dong tich cuc 1én doi séng cua ca, gop
phan nang cao céc thong s tang truong va sac khoe tong thé [128], (xem Bang 1.4).

Mic di vay, tac dong cia mau sac bé nudi & nhiéu loai ca ciing ¢ nhitng khéc

biét nhat dinh. Mot s nghién ctu nhan thiy bé mau be (beige) hay mau vang thac day
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tang truong va hiéu qua str dung thic 3n & ca hdi van, cd mi chdm do va ca ming bién
[26, 174, 199]. Nguoc lai vai két qua trong nghién cau hién tai, mau trang dugc béo cdo
la nguyén nhan lam giam téc do ting truong & ca chém va kha nang an mdi & c& mi
cham cam [74, 171]. Trong khi d6, ca chép koi, c4 chdm, c& khoang c6 do6 va ca tra thé
hién tdc d6 ting trudng nhanh hon va/hoac hé sé chuyén doi thire an thap hon khi dugc
nudi trong cac bé mau den [55, 70, 148, 171]. Pang cha y, mdt s loai ca khong ghi
nhan tac dong dang ké nao cua mau bé 1én tang truong, ty 16 sdng va hiéu qua st dung
thire an, vi du nhu ca 16 phi, ca cam, ca& ma chdm cam, c& ngua, ca hoi Dai Tay Duong
va ca chép koi [58, 74, 91, 128, 129, 198] (xem Bang 1.4).

Mot s nghién ciru sau hon chi ra rang song trong méi trudng ¢ mau sac phi
hop, ca tiéu tén it ning luong hon cho cac phan tng cang thang va danh ngudn luc nay
cho céc hoat dong trao doi chat, sinh tong hop va cubi ciing thic day tang truong [54,
128, 198]. Nhitng nghién cttu nay con nhan thiy biéu hién gen lién quan dén ting truong
(truc GH/IGF-1) cua ca séng trong mau bé thich hop duoc tang cuong rd rét, cu thé vai
mau d6 S0 VGi C4C mau trang, vang va xanh & ca oscar (Astronotus ocellatus) hay mau
trang so véi mau xanh va den ¢ ca cam (Seriola dumerili). Két qua nay phu hop vai cac
chi tiéu ting truong, chi sé huyét hoc va chi s6 cang thang tét hon ¢ cac bé mau d6 va
trang so vai cac mau bé con lai [54, 198]. Céac phan tich ké trén khang dinh thém rang
tac dong ciia mau sac bé 1én tang truong va hiéu qua sir dung thirc n cia ca la mot qué
trinh phirc tap, lién quan dén nhiéu co ché, qué trinh sinh ly dién ra trong co thé va két
qua co sy khac biét theo loai, giai doan phét trién, cho thay viéc nghién ctu xac dinh
mau bé nudi thich hop vai tirng loai, tham chi 14 timg giai doan cu thé, di kém véi cac
diéu kién nudi khac 1a rét can thiét.

Ty 1é séng cua ca khoang c6 nemo trong nghién cau nay khong bi tac dong déng
ké boi mau siac bé nudi. Két qua nay twong tu voi mot s6 bao cao trude day trén cac loai
c& chép koi, c& ngua hay ca& ma cham cam [58, 74, 91] (xem Bang 1.4). Biéu nay cho
thay rang ca khoang ¢ nemo c6 kha ning thich nghi tét v&i cac diéu kién mau bé khac
nhau, thé hién & ty 1¢ séng cao, dao dong tir 91,1 - 97,8%. Mac du ty Ié cin nhau va hao
hut c¢6 xu hudng dién ra manh hon ddi voi ca duoc nudi trong cac bé mau cam nhung
két qua phan tich thong ké khong cho thay su khac biét dang ké (p > 0,05). Nhiing két
qua thu duoc trong nghién cau hién tai cang khang dinh thém cho luan diém rang ca

khoang ¢ nemo c6 kha ning sinh truedang, phat trién tét & nhiéu diéu kién nudi, trong d6
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c6 mau sac moi treong [40]. Ngoai ra, tir giai doan 3,0 cm trd 1én, tuong @ng Véi giai
doan gidng 16n, c& thé hién kha niang thich ¢ng tot hon so voi giai doan au tring, thong
qua ty & séng cao hon rd rét, trén 95% so véi dudi 50% & giai doan au tring [1, 6]. Cac
bao c4o tong hop Vé vain dé nay trén nhiéu loai ca ciing cho thay ring tic dong ciia mau
bé 1&n ty 18 séng cua ca thé hién rd rét va nghiém trong hon & giai doan 4u tring so véi

cac giai doan vé sau [128, 129].

Két qua thu dugc trong nghién ciru nay da khing dinh ring mau sac bé nudi la
yéu té quan trong c6 anh hudng dén céc chi tiéu ting truong, hiéu qua sir dung thic an,
mau sac da cling nhur ham lugng carotenoids tong sé tich lity trong co thé ca khoang ¢b
nemo. Trong do, bé nudi mau xanh da thé hién su vuot troi va duge xac dinh 1a pha hop
nhat cho nudi loai ca nay, do kha ning t6i wvu hoa giira ting trudng VA Mau Sac cua Ca.
Két qua nay co y nghia quan trong ddi vai nghé nudi ca canh bién néi chung va ca
khoang c6 nemo nai riéng, bai viéc chon mau bé thich hop c6 thé nang cao dang ké hiéu
qua va chat luong nudi. Pidu nay khdng chi gidp nang cao chat lwong con gidng san
Xuit, dap (mg nhu cau thi truong, ma con gép phan giam &p lec khai thac Ién ngudn loi
ca ran tu nhién va bao vé hé sinh thai ran san hé, nhat Ia trong bdi canh 6 nhiém moi

truong, bién d6i khi hau va tranh chap 13nh hai dién ra phac tap nhu hién nay.

Bén canh viéc sir dung bé mau xanh, két qua nghién ciu ciing goi ¥ mot sé tng
dung linh hoat trong thyc tién san xuit dya trén loi thé riéng cua ting loai bé. Cu thé,
trong giai doan wong gidng, co thé tan dung wu diém cua bé tring giup ca sinh trudng
nhanh, sém dat kich c¢& thuong pham, rit ngan thoi gian nuéi, qua d6 nang cao hiéu qua
kinh té. Trong khi d6, & giai doan nudi canh, yéu té mau sic dugc coi trong hon ting
truong, do d6 bé trong sudt 1a lwa chon phi hop va phé bién nham dap tng nhu cau quan
sat, cham soc ca, ddng thoi giup ca dat duoc mau sic téi wu. Ngoai ra, dé két hop duoc
loi thé cua ca bé trong subt va bé xanh, cac nha san xuat/ngudi nudi ¢d thé dan mot hoac
hai mat bén cua bé mau xanh, chira hai hoic ba mit con lai trong suét dé thuan tién cho
viéc ngdm cé va vé sinh bé. Mot giai phap khéc 1a st dung dén chiéu sang mau xanh

nham tao mdi truong anh sang ti wu cho ca 1én mau.

Mac di vay, nghién cau hién tai van ton tai mot s6 han ché nhat dinh. Thiz nhdt,
nghién cau chi danh gia tac dong cia mau bé 1én két qua nudi ca vao thoi diém két thuc
thi nghiém (ngay tha 60) thay vi & cac khoang thoi gian ngan hon (2 — 3 tuan/lan). Do
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do, tic dong cua mau bé 18n cac chi tiéu ké trén theo thoi gian van chwa duoc xac dinh.
Ther hai, mau sac bé nudi co thé tac dong dén cac qua trinh sinh 1y, sinh hoa, noi tiét dién
ra trong co thé va biéu hién ra ngoai théng qua cac théng sé do luong nhu thu dugc trong
nghién ctu hién tai. Tuy nhién, co ché cua nhimg tac dong ndy van chua duogc hiéu rd
trong nghién ctru hién tai. Cudi cuing, cac co ché anh huong ctia mau bé Ién sy bién doi
mau sic cua da ca Van chua dugc lam rd va can duoc nghién ctru siu hon trong tuong lai
dé c6 thé dua ra cac khuyén cdo cu thé va hiéu qua hon trong thuc tién san xuat.
3.1.3.2. Anh huong ciia dé mdn
a. Mau sdc da va ham lwong carotenoids tich lity

Mic du d3 c6 nhiéu nghién ciu V& tic dong cia do man Ién cac chi tiéu ting
truong, ty 1 sdng va hiéu qua sir dung thac an cta ¢4, cac thong s danh gia lién quan
dén mau sic vin chua dugce quan tim dung mac. Nghién ctiu hién tai da chi ra rang do
man c6 anh huong dang ké dén mau sic da va ham luong carotenoids tich liy trong co
thé c& khoang c6 nemo. V& mau da, cd thé nhan thdy xu huéng chung Ia ca song & do
man thap hon (9 - 21%o) c6 mau sang va nhat hon (L” cao hon) trong khi & do man cao
(33 - 39%o) ca c6 xu huéng mau cam dam hon (a” va b”™ cao hon). Déi véi ca khoang ¢b
nemo va cac loai c6 mau da cam — do khéc, chi sb a” 1a théng sé quan trong nhét trong
danh gia chat lugng mau sac, va két qua caa ching toi cho thay viéc nudi ching & do
man cao la can thiét dé duy tri va ting cudng mau sic tdi uu. Phu hop vai cac thong sé
do luong mau sic da, ham luong carotenoids tong s tich lily trong co thé ca ciing cho
thdy céc gia tri tot hon thé hién & cac mirc d6 min cao trong khi kém hon & cac muac do
man thap. Két qua tuong tu ciing da dugc béo cao trude day trén ci khoang cd cam, cho
thdy ca sbng & do man thap hon (< 15%o) c6 mau sic tdi, nhat hon so voi cac mic do
man thong thuong, tir 30 - 35%o [1]. Tuy nhién, nghién ctru cua ching téi la mét trong
nhitng cong trinh dau tién cung cap cac théng sé do lwong mau sic chi tiét va danh gia

téng thé tac dong cua do man 1én mau sic cua ca khoang c6 nemo.

Ching t6i cho ring tac dong cua d6 man 18n mau sic cua ca khoang c6 nemo
trong nghién ctiu nay co thé 1a do sy thay doi méi truong séng. Séng trong méi truong
bat loi, voi ¢6 man qua cao hay qua thap, cac hoat dong séng, trao d6i chat va sinh Iy
khéc cua ¢4 bi anh huong tir 6 1am thay d6i mau sic da ¢4 nhu 1a mot co ché ty vé phan

ng lai voi sy thay d6i cia méi truong [119, 180]. Tuy nhién, cac nghién ciru dé cap dén
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co ché chi tiét cua qua trinh nay trong nudi tréng thiy san van con rat han ché. Ngoai
ra, tac dong ciia 6 man 1én mau sac caa ddi tuong nudi van chua co sy nhat quéan va
con phu thudc vao méi twong tac phirc tap Vi cac yéu td khac nhu nhiét ¢ va mau nén.
Vi du, da ca bdng (Bathygobius soporator) tré nén nhat hon khi nuéi & d6 man cao
(25,5%0 va 34,0%o0) két hop véi nhiét d6 thap (18°C) trong khi sim mau hon khi nudi &
d6 man thip (8,5%o va 17,0%0) kém theo nhiét d6 cao (28°C) [65]. PO min ting tir 26 -
38%o lam mau sac da ca Nam Cuc (Notothenia gibberifrons va Trematomus newnesi)
chuyén tir nhot nhat sang téi mau [66]. Nguoc lai, mot s6 nghién ctiu cho thdy do man
cao hay bién dong do man Iém (1én dén 10%o) lam mau ca chdt soc (Mystus vittatus) tro
nén nhat, md va xin hon so v&i nhom déi ching (0%o) [160]. Vai tro trong ddi cia nhiét
d6 va d6 man d6i voi mau sic cua ca ciing khac nhau giira cac lodi, chang han nhu &
lwon thuy tinh (Anguilla anguilla), nhiét 6 cao thiic ddy qué trinh sic té hda manh hon
S0 Voi tac dong tc ché cua d6 mian [36]. Trong khi d6, mét sé nghién ciu khéc lai khong
ghi nhan duoc tac dong dang ké caa do man 1én mau sac cua cé, nhu truong hop dugc

béo cao trén ca rd phi (O. niloticus) [13], (xem Bang 1.4).

Quan hé giira @ man hay thanh phan chat khoang trong nudc voi mau sic ciing
dugc quan tam trong nghé nudi tém. Thiéu hut hay mat can bang khoang chat gay nén
hién tuong bat thuong vé sic té & tém su (Penaeus monodon) véi cac biéu hién nhu vo
chuyén mau nau do, tdi hoic nhot nhat. Bén canh d6, hoi ching co rat dudi, bénh mém
Vo Va 16t xac bat thuong ciing dugce quan sat [197]. D6 man va/hoic nhiét do cao lam
giam do trong sudt co thé cua tdm co (Palaemonetes pugio) do thay ddi 4p suat tham
thiu lam tang tich liy dich giira cAc sgi co két hop véi su thay d6i cau triic cua protein.
Sy két hop cua hai yéu té nay trong cac diéu kién trén dan dén ting do tan xa anh sang
[29]. O nhiém ddng & mirc 1 mg/L duoc bao cdo 1a nguyén nhan giy nén mau do6 bat
thudng cua tdm thé chan trang (Penaeus vannamei) khi ludc so véi khi nudi trong nuéc
sach. C4c ion kim loai trong nudc, tiy thudc vao thanh phan va ham luong, c6 thé két
hop vai astaxanthin hay cac carotenoids khac tao nén cac phac hop maéi c6 mau do dam
hon [124]. Viéc pha nudc ngot dé giam do man c6 thé da tac dong dén thanh phan va ty
16 cac khoang chét trong nuéc, tir d6 anh huong gian tiép dén mau sic cua ca khoang ¢b
nemo thong qua tac dong dén cac qua trinh trao ddi chat va sinh ly trong nghién ctu
nay. Tuy nhién, co ché cu thé cua qua trinh ndy can thiét phai duoc lam sang to trong
cac nghién ciu tiép theo.
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b. CAc chi tiéu tang trueng, ty 1é séng va hiéu qud sir dung thire dn

Dit liéu thu duoc trong nghién ciu ndy cho thay rang ¢6 mian c6 anh huong dang
ké dén két qua nudi ca khoang ¢ nemo. Xu hudng chung c6 thé nhan thay 1a ca duoc
nudi & d6 man 33%o, twong (ng véi do min nudc bién, dat cac chi tiéu ting truong, ty
1& séng va hiéu qua st dung thirc an tot hon so v&i cac &6 man con lai. Pidu nay c6 thé
la do c& khoang c6 nemo 1a loai c& ran san ho thich nghi véi méi trudng ¢ ¢6 man cao
va on dinh, tir 33 - 35%o. O diéu kién 6 man cao hon (39%o) hoac thip hon (9 - 27%o),
nhiéu qua trinh trao d6i chat va hoat dong séng cua cé c6 thé bi anh hudng bat lgi. Nhiéu
nghién ctu da chi ra rang chi phi ning luong cho qua trinh diéu hoa &p suat tham thau
thip hon trong modi trudng ding truong, noi chénh 1éch &p suit tham thau gitta moi
truong trong va ngoai co thé 12 tdi thiéu, va phan ning luong tiét kiém dugc c6 thé gop
phan thiic ddy ting trudng cua ca. Theo Bushnell va Brill, qua trinh diéu hoa tham thau
c6 thé tiéu ton tir 54 - 68% ning luong trao ddi chat khong boi ¢ hai loai ca ngir
(Katsuwonus pelamis va Thunnus albacares) [38]. Ngay ca & nhiing loai c6 téc do trao
d6i chét thap hon, qua trinh nay ciing sir dung mot phan ning lwong dang ké, nam trong
khoang tir 20 — 50% tong ning lugng tiy theo d6 man mai truong [33]. Séng trong diéu
kién d6 man qua cao hay qué thap, su ting truong cua cé c6 thé bi dinh tré boi su rdi
loan cta qué trinh diéu hoa ap suit tham thau. O diéu kién bat loi ndy, mot sé loai ca
nhu ¢4 hdi coho (Oncorhynchus kisutch) c6 thé séng sot nhung tré nén cdi coc do phai
chiu dung trang thai mat can bang tham thau méan tinh kéo dai [33, 225]. Céc phén tich
sau hon cho thdy ham luong hormone ting truéng (GH) trong huyét trong cua nhiing
con ca hdi coi coc nay & muc rat cao - dé diéu hoa &p suat tham thau - trong khi nong
d6 hormone tuyén giap rat thap va qua trinh san xuat yéu tb tang truong giong insulin
(IGF-1) bi dinh tré [225]. Chinh sy réi loan diéu hoa noi tiét nay da anh huong tiéu cuc
dén sy ting truong cua ca. Nhiing phat hién nay co thé gitp Iy giai cho sy ting truong
kém hon ctia ca khoang co nemo ¢ cac mirc d6 man qué cao hoic qué thap so vai do
man t6i uu (33%o) trong nghién ctru hién tai. Tuy nhién, cac co ché cy thé lién quan dén
noi tiét, didu hoa tham thau va tang truong cua loai ca ndy van can duoc 1am rd trong
cac nghién cau tiép theo.

Nhiéu nghién cau chi ra ring viéc nudi ca & cac d6 man khéc nhau co thé dan

dén su khéc biét vé ca lugng thic an sir dung va hiéu qua sir dung thire an [33, 151].
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Trong nghién ctu hién tai, @ man anh huong dén ca lugng thire an tiéu thu (FI) va hiéu
qua sir dung thic an cua ca khoang co6 nemo (FCR va PER) véi cac gid tri tot hon thé
hién & nghiém thite 33%o (bao 2dM 4 27 — 39%s) so véi nhom d6 man 9 - 21%o. Sy gia
tang lwong thirc 4n tiéu thy va cai thién hiéu qua sir dung thirc an da gop phan nang cao
ting trudng cia c& & nhom nghiém thirc 33%o so véi nhdm nghiém thic 9 - 21%.. Két
qua tuong tu cling dugc bao cédo trén ca trap den (Acanthopagrus butcheri) nubi ¢ do
mén 24%o hay cé trap dau vang (Sparus auratus) nudi & 28%o so véi cac dd man thap
hon 12%o hay cao hon 38%o. Ngoai ra, lwong thirc an tiéu thy va hi¢u qua st dung thac
an khong co6 su khac biét trong pham vi 6 man thich hop, twong tng véi 27 — 39%o
trong nghién ctu hién tai va 12 - 48%. trong nghién ctiu trudc day, cho thy ca cd kha
ning thich &ng tét trong pham vi 6 man nhat dinh [104, 151]. Tuy ddi twong nghién
ctu, su khac biét vé tang truong co thé xuat phat tir su t6i wu hoa vé lugng thic an tiéu
thu va/hoac hiéu qua str dung thirc an [33, 151]. Tuy nhién, hién tugng giam an duoc
quan sat thay & mot sé loai c4, bao gom ca d6i (Mugil cephalus), ca hdng My (Sciaenops
ocellata) hay ca chém chau Au (Dicentrarchus labrax) khi chiing duwoc nudi & muic do
man ngoai pham vi téi wu [151]. Két qua hién tai va mot s6 nghién ctu trude dé cho
thay Iuong thirc an tiéu thy ciia ca & nhém do méan cao (39%o va 38 - 48%o) twong duong
v6i nhém d¢ man thich hop nhit (33%o va 24 - 28%), tuy nhién, cac chi tiéu ting trusng
va hiéu qua sir dung thirc 3n c6 xu hudng kém hon du khéng khac biét thong ké (p >
0,05). Nguyén nhan duoc cho 13 ¢6 lién quan dén sy thay doi toe do luan chuyén thic
an trong rudt do chding hap thu qua nhiéu nude bién trong nd hre khic phuc tinh trang
mat nudc trong moi truong uu truong. Két qua phan tich cho thdy do am cao hon ¢
nhom ca nay so v4i nhom dugc nudi & pham vi @6 min téi wu da cang cb thém cho gia
thuyét nay [151].

Két qua twong tu ciing duoc bao céo trén mot s6 loai ca khoang co trude day voi
pham vi thich &ng khé rong, tir 15 - 35%. vai ca khoang ¢ cam [1], 10 - 40%o véi ca
khoang c6 nemo va 15 — 40%o v6i ca khoang c6 do [6, 7]. O &6 man thap, 9 - 10%, ty 16
séng cua ca khoang ¢4 nemo bi giam dang ké, dao dong tir 51,1 — 75,1% [6], trong khi &
ca4c mirc 6 man cao hon khong ghi nhan sy khac biét vé ty ¢ song, didu nay da khang
dinh thém rang ca khoang c6 n6i chung cd kha nang thich tng tét véi ¢6 man moi truong
nudi. Mic du vy, hau hét cac nghién cau vé tac dong caa 6 man Ien ¢ khoang cb déu
khuyén céo nén duy tri d6 min twong (ng v4i nude bién tu nhién noi ca khoang c6 phan
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bd, tir 30 - 35%o, nham dat duoc két qua tot nhat vé tang trudng, ty 16 séng va hiéu qua
st dung thirc an. Tuy nhién, kha ning thich tng vdi d6 man cua ca khoang ¢ ¢6 sy khac
biét theo loai, giai doan phat trién va cac yéu to moi truong khac. Vi du, ¢ giai doan con
non, ca khoang cd den dudi vang (A. clarkii) c6 thé thich tng tét hon & pham vi d6 man
trung binh, tir 15 - 25%o [75]. Hién tuong chét rai rac xay ra chu yéu khi nudi ca ¢ do
man dudi 6% timg duoc bao c&o trén mot s loai ca khoang ¢o [6, 7, 42].

T6m lai, két qua nghién ciru dd khang dinh vai trd quan trong cua do man ddi voi
tang truong, ty 18 séng, hiéu qua st dung thie dn va mau sic cua ca khoang c6 nemo,
va xac dinh d6 man 33%. twong Gng VGi nudc bién ty nhién 1 thich hop nhat cho viéc
nudi lodi ca nay nhiam dat duoc c4c chi tiéu danh gia tot nhat. Mic di nghién cau da xac
dinh dugc khoang do man thich hgp cho nudi loai ca canh bién nay, van con mot sé han
ché nhit dinh cin 1am 13 lién quan dén (i) co ché diéu hda ap suat tham thau cua cé trong
cac diéu kién d6 man khac nhau; (ii) tac d6ng cua d6 man 1én cc chi tiu mién dich,
murc do cang thang, kha ning chéng oxy hoa ciing nhu cac chi tiéu stc khoe khac cua
ca; (iii) co ché tac dong cu thé cua do6 man 1én sy thay doi mau sac cua ca va kha ning
phuc hdi khi nudi tro lai diéu kién ban dau; va (iv) mdi quan hé tuong tac giira d6 man
VGi cac yéu té méi truong khéc trong hé théng nudi, dac biét Ia nhiét d6 nudce cling can
duoc xem xét mot cach toan dién hon. Dé o thé giai thich mot cach tryuc tiép va rd rang
cac két qua thu duoc trong nghién cau hién tai, su hiéu biét sau sic vé cac qué trinh ké

trén 1a hét stc can thiét.

3.2. Anh hwéng cia ché dé bo sung carotenoids vao thike dn 1én ca khoang ¢6 nemo
3.2.1. Anh hwéng ciia mgt sé6 nguén carotenoids theec vt

3.2.1.1. Mau sdc da ca

Két qua nghién ciu cho thay viéc bo sung cac ngudn carotenoids thuc vat vao
thie an cho ca khoang c6 nemo di cai thién dang ké mau sac da caa chiing so véi nhém
dbi chung. Cac chi s6 do lwdng mau sic nhu do do (&), ¢ vang (b”), d6 bdo hoa mau
(C"a), tong mau (h*an) va su chénh léch mau téng thé (AE a) déu duoc cai thién ¢ cac
nhom ca dugc bo sung carotenoids (Hinh 3.7).

Trong sb cac nguén carotenoids duoc khao sét, astaxanthin tong hop, 6t chudng
va gac thé hién hiéu qua vuot troi trong viée ting cudng mau sic da ca. Cu thé, chi sé
a" tang 91,9% & nhom b sung astaxanthin tdng hop so vai ddi ching (15,1 so vai 7,78;
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p < 0,05), trong khi khdng c6 su khac biét dang ké gitta astaxanthin tong hop va 6t
chudng (15,1 so véi 14,9; p > 0,05). Chi sé b” ciing ting dang ké va dat gia tri cao nhat
& 3 nhom ndy, dao dong tir 22,9 - 23,4 s0 v6i 17,8 & déi ching (p < 0,05).
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Hinh 3.7: Cac chi s mau sic da ciia ca khoang c6 nemo dwoc nudi véi cac ngudn
carotenoids thuc vat bo sung khac nhau: (A) L”, a", b" va (B) C’ab, h*ab, AE ap
Céac gia tri duweoc trinh bay dwdéi dang Mean £ SE (n = 3). C4c ¢t vdi cac chir cai khac nhau thé hién s khac
biét c6 ¥ nghia thong ké (p < 0,05).

Céc chi s6 C"a va AE"a ciing cao hon han & cac nhoém bo sung astaxanthin tong
hop, 6t chudng va gac so véi cac nhom khac va ddi chang (p < 0,05). Nguoc lai, chi sb
h”a lai thip hon & 3 nhém nay (p < 0,05), cho thay c& c6 mau cam - d6 ruc ry va dam
hon so v&i mau nhat va kém phong phu & d6i ching (Hinh 3.8).

T6m lai, nghién ctru dé chi ra rang bo sung carotenoids, dic biét 1a astaxanthin
téng hop, 6t chudng va gac, vao thirc an gitp cai thién mau sac da ca khoang ¢6 nemo
mét cach hiéu qua. Két qua ndy mé ra tiém ning ung dung cac ngudn carotenoids tuw

nhién trong nudi ca canh nhiam nang cao chat lwong va gia tri thwong mai.
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Déi ching Bi do O't chuéng

Carét Gac Astaxanthin TH

Hinh 3.8: Mau sac cia ca khoang co nemo dwgc nudi voi cac nguon carotenoids

thure vat bo sung khac nhau

3.2.1.2. Ham lrong carotenoids tong so tich liy trong co thé ca

Viéc b sung cac ngudn carotenoids khac nhau vao thirc an da anh huong dang

ké dén ham luong carotenoids tich lily trong co thé c& khoang c6 nemo (Hinh 3.9). Nhin

chung, ca & cac nghiém thire duoc bo sung carotenoids co su tich lity cao hon han so véi

nhom déi chung & ca ba bo phan duoc do lwdng gom da, co va toan than (p < 0,05).

Trong d6, 6t chudng cho thdy hiéu qua vuot troi nhat khi gitp ca tich liy lugng

carotenoids cao nhat ¢ ca ba b phan. Cu thé, ham luong carotenoids trong da c& & nhém
b sung ot chudng dat 70,9 pg/g, ting 98,6% so véi ddi chung (35,7 pg/g) (p < 0,05).

Xu hudng tuong tu cling dugc ghi nhan ¢ co va toan than ca.
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Hinh 3.9: Ham lwong carotenoids tong so tich liiy trong co thé ca khoang c6 nemo

(ng/g) dwoe nudi trong cac bé cé mau sic khac nhau

CAc gia trj duwoc trinh bay dudi dang Mean + SE (n = 3). CAc cét véi céc chir cai khac nhau thé hién si khac

biér ¢6 y nghia thong ké (p < 0,05).
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Két qua cho thay khong c6 su khac biét co ¥ nghia théng k& vé& ham luong
carotenoids tich lity giita ba ngudn bo sung 1a 6t chudng, gac va astaxanthin tong hop &
ca ba bd phan do luong (p > 0,05). Két qua nay goi y riang 6t chudng va gac, véi tinh
kha dung cao, ¢ thé 1a nhitng ngudn carotenoids ty nhién tiém ning thay thé cho

astaxanthin tong hop trong viéc tang cuong su tich lity carotenoids & ca khoang cd nemo.
3.2.1.3. CAc chi fiéu ting trueng, ty Ié song va hiéu qud si dung thite dn
Cac chi tiéu ting trueeng, ty 1é song:

Két qua nghién cau cho thay viéc bo sung cac ngudn carotenoids khac nhau vao
thire 4n d3 ¢ tac dong dang ké dén tang truong cua ca khoang c6 nemo (Bang 3.5). Ca
& cac nghiém thac duoc bd sung carotenoids tir gac va 6t chudng dat toc do tang truong
chiéu dai (SGRL) va khéi luong dic trung (SGRw) cao nhat, vuot trdi hon han so véi
cac nghiém thic con lai (p < 0,05), v6i muc tang lan luot tir 34,5 - 41,4% va 39,0 -
42,7% so véi ddi chang.

Bén canh d6, b6 sung carotenoids con gilp cai thién su dong déu vé kich c& c4,
thé hién qua hé sé phan dan khdi lugng (CVw) thip hon dang ké & nhom ca duogc cho
an gac va 6t chuéng so véi cac nhom khac (p < 0,05). Tuy nhién, hé sé phan dan chiéu
dai (CVL), hé s6 diéu kién (CF) va ty l¢ séng (SR) khong bi anh huong dang ké boi cac
ngudn carotenoids khéac nhau (p > 0,05).

Bang 3.5: Tang trwéng va ty 1¢ song ciia ca khoang c6 nemo dwoc nudi véi cac
ngudn carotenoids thuc vit bo sung khac nhau

Nguén carotenoids bé sung

Chitieu Péi chirng Bi d6 Gic Ot chudng Carot Astaxanthin
L1 (cm) 321+0,03 321+003 321+003 321+003 321+003 3,21+0,03
Wi (g) 061+002 061+002 061+002 061+002 061+002 0,610,02
L2 (cm) 4,00 £0,028 4,17 +0,02° 4,35+0,03° 4,30+0,03° 4,20+0,04° 4,12 +0,04°
W2 (9) 1,13+ 0,04 1,31 +£0,05° 1,47+0,03% 1,44+0,02° 1,33+0,05° 1,27 + 0,04
SGRL 0,29 +0,01* 0,35+0,01° 0,41+0,01° 0,39+0,01° 0,36+0,01 0,33+0,01°
(%/ngay)

SRy 0,82 +0,058 1,02+0,05*° 1,17+0,03 1,14+0,03° 1,04 +0,05° 0,98 + 0,04°
(%/ngay)

CVL (%) 124+054 11,3+042 991+073 10,0+0,76 11,3+054  115+0,90
CVw (%) 40,3+0,63° 345+144® 290+191° 292+258 354+193" 352+1,83°
CF(gem®  1,76+0,03 1,80+0,04 1,78+001 1,81+001 1,80+0,01  1,81+0,02
SR (%) 933+385 956+222 978222 978+222 956+222 956+2,22

S6 liéu duwoc trinh bay dwéi dang Mean + SE (n = 3). Cac gia tri trung binh mang ky ti chiz cai khac nhau trong
cuing hang thé hién su khac biét ¢é y nghia thong ké (p < 0,05).
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Nhiing két qua nay da khang dinh hiéu qua vuot troi cua gic va 6t chuéng nhu
nhitng nguon carotenoids tiém ning trong cai thién ting truong va sy dong déu kich ¢

& c4 khoang c6 nemo.
Hiéu qua su dung thizc an:

Mic du lwong thire an 3n vao (FI) khong khac biét dang ké giira cac nghiém thuc,
viéc bd sung carotenoids da cai thién rd rét hiéu qua st dung thie an cua ca (Bang 3.6).
Cu thé, hé sé chuyén d6i thirc an (FCR) & nghiém thirc bo sung gac (1,50) va 6t chudng
(1,54) thap hon dang ké so véi cac nghiém thirc con lai, nhat 1a so voi déi ching (2,11)
(p <0,05). Xu hudng twong tu dugc ghi nhan ¢ chi tiéu hiéu qua sir dung protein thac
an (PER), voi két qua cao nhat & nghiém thuc bd sung gac (1,22), vuot troi so véi doi
chang (0,86) (p < 0,05).

Bang 3.6: Hiéu qua sir dung thirc in ciia ca khoang ¢6 nemo dwoc nudi véi cac
ngudn carotenoids thwe vat bo sung khac nhau

Nguén carotenoids bé sung

Chi tiéu - - . :

Poi chirng Bi dé Gac Ot chudng Carot Astaxanthin
FI(g/con) 1,09+0,07 1,23+0,06 1,29+0,09 1,40+0,06 1,30+0,11 1,22 + 0,06
FCR 2,11+0,05° 1,78+0,09° 1,50+0,07% 1,70+0,06® 1,80+0,06®° 1,86 % 0,06"
PER 0,86+ 0,028 1,03+0,05° 1,22+0,06° 1,07+0,04° 1,01+0,04° 0,98+ 0,03

S6 liéu dwoc trinh bay dwdéi dang Mean + SE (n = 3). CAc gid trj trung binh mang ky ti cha cai khac nhau trong
cling hang thé hién s khac biét c6 y nghia thong ké (p < 0,05).

Nhiing phat hién nay da chi ra tinh wu viét cua viéc bé sung carotenoids tir gac

va 6t chudng trong cai thién dang ké hiéu qua sir dung thirc an & c& khoang c6 nemo.
3.2.2. Anh hwéng ciia mgt sé nguén carotenoids dong Vit
3.2.2.1. Mau sdc da ca

Két qua nghién ctru cho thdy viéc bd sung cac ngudn carotenoids khac nhau co
anh huong dang ké dén mau sic da cia ca khoang c6 nemo (Hinh 3.10). Cu thé, do sang
da (L") giam dang ké & cic nhom bo sung carotenoids tir trimg ga, trimg ¢ va
astaxanthin tong hop so véi nhom déi chimg (p < 0,05). Nguoc lai, d6 d6 mau da (a”)
tang 1én 1o rét & tat ca cac nhom bd sung carotenoids, v6i murc tang cao nhat dat dugc &
cac nghiém thirc bd sung carotenoids tir vo tdm, copepoda va astaxanthin téng hop, cai
thién tir 80,9 - 93,5% so v6i dbi chimg (p < 0,05). Do vang mau da (b”) ciing ting dang
ké khi bo sung astaxanthin tong hop va vo tdm so véi dbi chimg (p < 0,05), mic du
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khong khac biét c6 y nghia théng ké so véi bd sung carotenoids tir copepoda va trimg

¢ buou vang (p > 0,05; Hinh 3.10A).
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Hinh 3.10: Cac chi s6 mau sic da ciia ca khoang c6 nemo dwoc nudi véi cac ngudn
carotenoids dong vat bo sung khic nhau: (A) L*, a*, b" va (B) C"a, h*ap, AE s
CAc gia tri duwoc trinh bay dudéi dang Mean + SE (n = 3). CAc cét vdi cac chir cai khac nhau thé hién su khac
biét co y nghia thong ké (p < 0,05).

Céc chi tiéu mau sic khac bao gdm d6 bdo hoa mau (C'ab), tdng mau (h*a) va su
khac biét mau sic tong thé (AE a) ciling thé hién xu huéng tuong ty. PO bio hoa mau
cao nhit & nhém b sung astaxanthin tong hop (28,7) va thap nhit & nhém dbi ching
(19,7) (p < 0,05). Nguoc lai, tong mau cao nhat & nhém ddi chimg (65,1) va thip nhét ¢
nhom bo sung astaxanthin tong hop (56,0) (p < 0,05). Su khac biét mau sic tong thé
(AE ) so voi ddi chimg thé hién rd rét hon khi bo sung astaxanthin tong hop, vo tom
va copepoda so véi cac ngudn trimg 6¢ va trimg ga. Mic du vay, khong co su khac biét
dang ké giita cac nhom bo sung astaxanthin tong hop, vo tdm va copepoda & ca ba chi

tiéu nay (p > 0,05; Hinh 3.10B).
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Vo tom Copepoda Trivng ga

D-{ L

Astaxanthin TH Trirng 6¢ BV D6i chirng

Hinh 3.11: Mau sic ciia ca khoang ¢6 nemo dwoc nudi véi cac ngudn carotenoids
dong vat bd sung khac nhau
Nhin chung, két qua chirg minh rang b sung carotenoids tir astaxanthin tong
hop, vo tom va copepoda 14 hiéu qua nhit trong viéc cai thién mau sic da & c khoang
cd nemo, tao mau do dam va ruc & hon so v&i cac nhom con lai, dic biét 1a nhom dodi
chung (Hinh 3.11).

3.2.2.2. Ham lwong carotenoids tong sé tich liy trong co thé ca

Két qua nghién ctru cho thiy viée bd sung cac nguodn carotenoids khac nhau c6
anh huong dang ké dén ham luong carotenoids tong so tich lily trong da, co va toan than
ca khoang ¢6 nemo (Hinh 3.12). Cu thé, ham luong carotenoids tich lity trong da ting
manh & cac nhom bo sung carotenoids so vi nhom d6i ching, véi mirc ting cao nhat

tlr 162 - 177% & cac nhém bo sung copepoda, vo tom va astaxanthin tong hop (p < 0,05).
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Ngudn carotenoids ddng vat

Hinh 3.12: Ham lwong carotenoids tong so tich liiy trong co thé ca khoang c6

nemo (pg/g) dwoc nudi véi cac ngudn carotenoids dong vt bo sung khic nhau
Cac gia tri duwoc trinh bay dudéi dang Mean + SE (n = 3). CAc ¢t véi cac chir céi khac nhau thé hién su khac
biét co y nghia thong ké (p < 0,05).
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Xu hudng tuong ty cling duoc quan sat thiy ddi voi ham lwong carotenoids trong
co va toan than ca. Cac nhom ca duge cho an thirc an bo sung carotenoids tir copepoda,
v tom va astaxanthin tong hop c6 ham lugng carotenoids trong co cao nhat, dao dong
tor 5,57 - 5,83 ng/g. Pdi v6i ham lugng carotenoids toan than, cac gia tri cao nhat dat
dugc & nhoém bd sung copepoda va vo tom, tir 22,9 - 23,7 pg/g. Nguoc lai, nhém doi
ching khong dugc bo sung carotenoids ¢ ham luong carotenoids tich Ity trong co va

toan than thip nhat, 1an luot 13 3,20 va 11,8 pg/g (p < 0,05; Hinh 3.12).

Céc két qua phan tich trén chimg minh hiéu qua tich liiy carotenoids manh mé&
trong co thé ca khi dugc bd sung cac ngudn carotenoids, dic biét 1a tir copepoda, vo tom
va astaxanthin tong hop. Diéu nay hoadn toan phu hop voi su cai thién dang ké cac chi
tiéu mau sic trén da ca & cdc nhdm tuong mg.
3.2.2.3. CAc chi fiéu tang trueng, ty Ié song va hiéu qud si dung thite dn

Cdc chi tiéu tang truong, 1y 1é song:

Két qua nghién ciru cho thiy viéc bo sung cac ngudn carotenoids vao thirc an 6
tac dong tich cuc dén ting truong ciia ca khoang cd nemo (Bang 3.7). Ca dugc cho an
thirc an bd sung carotenoids tir v tdm va copepoda co toe do ting trudng chidu dai va
khéi lugng dic trung (SGRL va SGRw) cao hon dang ké so véi nhom ddi chimg, tuong
ung tang 21,2 - 24,2% va 30,4 - 34,8% (p < 0,05).

Bang 3.7: Ting trudng va ty Ié song ciia ca khoang c6 nemo dwoc nudi véi cac
nguon carotenoids dong vat bo sung khac nhau

Nguén carotenoids bé sung

Chitiey Péi chirng Trang ga Vo tdm Copepoda Tring OBV Astaxanthin
L1 (cm) 3,14+0,02 314+0,02 314+002 314+0,02 314+0,02 3,14+0,02
Wi () 054+0,02 054+002 054+002 054+002 054+002 0,54+0,02
L2 (cm) 3,92+0,03% 4,07+0,02° 4,23+0,02 4,27+0,019 4,17 +0,03° 4,04 + 0,04
W2 (g) 1,08 + 0,028 1,20 +0,03°° 1,33+0,03° 1,36+0,01° 1,25+0,02° 1,17 +0,02°
SGRL\ 0,30 £0,01* 0,35+0,01° 0,40 +0,01°® 0,41+0,01 0,38+0,01° 0,33+0,01°
(%/ngay)

SGRW‘ 0,92 +0,03%* 1,06+0,03" 1,20+0,03¢ 1,24+0,01 1,12+0,02° 1,03+ 0,02°
(%/ngay)

CVL (%) 127+048 11,1+059 946+103 9,73+064 112+055 11,4+1,12
CVw (%) 399+0,33° 344+140®° 290+194% 292+244° 353+18% 351+1,75
CF(glem® 1,78+0,01 1,78+0,02 1,76+0,02 1,76+0,01 1,73+0,01 1,78+0,03
SR (%) 956+222 956+222 978+222 97,8+222 956+222 956+222

S6 liéu duweoc trinh bay diwdi dang Mean + SE (n = 3). CAc gi4 tr; trung binh mang ky tw chi cai khac nhau trong
cuing hang thé hién su khac biét c6 y nghia thong ké (p < 0,05).
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Heé s6 phan dan khéi lugng (CVw) clia ca ¢ hai nghiém thuc nay ciing thap hon,
thé hién sy dong déu vé kich c& t6t hon so véi ddi ching (p < 0,05). Bén canh dd, ca &
cac nhoém bd sung carotenoids tir vo tdm va copepoda cd cac chi tiéu ting trudng va
CVw tuong duong nhau, va vuot trdi hon so véi nhom bo sung astaxanthin tong hop (p
< 0,05). Tuy nhién, hé s6 phan dan chiéu dai (CVL), hé s6 diéu kién (CF) va ty 1¢ séng
khong co sy khéac biét c6 ¥ nghia thong ké giira cac nghiém thirc (p > 0,05).

Hiéu qua su dung thure an:

Céc chi tiéu danh gia hiéu qua st dung thirc an cho thiy sy khac biét dang ké
gifta cac nghiém thirc. C4 & nhom bo sung carotenoids tir vo tom co hé sé chuyén doi
thuc an (FCR) thap nhat, giam 22,6% so voi ddi chimg (p < 0,05), va twong duong véi
nhom bé sung copepoda (p > 0,05). Hiéu qua sir dung protein thtrc in (PER) ciing dat
két qua tSt nhat ¢ hai nhom bo sung carotenoids ty nhién tir vo tdm va copepoda, trong
khi nhom d6i chting va bo sung astaxanthin tong hop c6 két qua thap nhét (p < 0,05).

Bang 3.8: Hi€éu qua sir dung thirc dn cta ca khoang ¢o nemo dwgc nuéi voi cac
nguon carotenoids dong vat bo sung khac nhau

Nguén carotenoids bé sung

chitiey Péi chirng Tring ga Vo tdm Copepoda  Triang OBV  Astaxanthin
Fl (g/con) 1,05+0,05° 1,17 +0,05® 1,20+0,05®¢ 1,32+0,08° 1,36+ 0,03° 1,21 +0,03%¢
FCR 1,95 +0,08° 1,80 +0,15° 1,51+0,01* 1,60+0,08® 1,91+0,01° 1,93+0,10°
PER 0,94 +0,04* 1,03+0,09®° 120+0,01° 1,14+0,05° 0,96+0,01* 0,95 0,05°

S6 liéu duweoc trinh bay diwéi dang Mean + SE (n = 3). CAc gi4 trj trung binh mang ky tw chiz cai khac nhau trong
cling hang thé hién sy khac biét cé ¥ nghia thong ké (p < 0,05).

Toém lai, viéc bd sung cac nguén carotenoids tu nhién, dac biét 1a tir vd tom va
copepoda, 1a mot chién lugc hiéu qua dé cai thién tang trudng va hiéu qua st dung thirc
an cua ci khoang c6 nemo. Két qua nghién ctru ciing cho thiy tiém ning thay thé
astaxanthin tong hop bang cic ngudn carotenoids ty nhién nham thuc day hiéu sut san
xudt & lodi c4 canh nay.

3.2.3. Anh hwéng ciia ham lwong carotenoids tir 6t chudng

3.2.3.1. Mau sac da ca

Két qua nghién ctu cho thdy ham luong carotenoids tir 6t chudng bo sung vao
thirc an c6 anh huong dang ké dén cuong d6 mau sic da ca khoang c6 nemo (Hinh 3.13).
D6 d6 mau da (") ting manh va dat gié tri cao nhat & mac bo sung 900 mg/kg, vuot troi
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hon 134% so v&i ddi chung (18,6 so véi 7,85; p < 0,05). Xu hudng tuong tyu ciing dugc
ghi nhan & d6 vang mau da (b”) va d6 bao hda mau sic (Ca), v6i két qua tot nhat & mue
b sung 900 mg/kg va kém nhat & nhom ddi ching (lan luot 12 22,3 va 29,0 so véi 17,3
va 19,0; p <0,05) (Hinh 3.13A).
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Hinh 3.13: Céc chi s6 mau sic da ciia ¢4 khoang c¢6 nemo dwoc nudi véi cac ham
lwgng khac nhau ciia carotenoids tir 6t chudong: (A) L', a", b" va (B) C ab, h*an, AE"sp
Cac gia tri duwoc trinh bay dudi dang Mean + SE (n = 3). CAc cét véi cac chir cai khac nhau thé hién su khac
biét c6 y nghia thong ké (p < 0,05).

Nguoc lai, do sang mau da (L") giam tuwong Ung Véi su ting cia ham lugng
carotenoids bo sung, dat gia tri toi vu & nhom bd sung < 900 mg/kg va thap nhat & nhém
1.500 mg/kg (p < 0,05). Chi sé tdng mau (h™ab) cao nhit & dbi chieng (65,2) va thap nhat
& cac mic bo sung > 900 mg/kg, cho thdy mau da ¢ c6 xu hudng vang nhat & d6i ching
va chuyén sang mau d¢6 dam hon & cac mac bd sung cao (p < 0,05). Két hop vai chi sé
C b, ¢6 thé thay rang ca & nhom bo sung > 900 mg/kg c6 mau da cam d6 ryc rd, Sac nét
va sau dam hon so vé6i ddi chung (p < 0,05). Su khac biét tong thé vé mau sic da cé so
Vi ddi chimg (AE™a) & nhdm bé sung 900 mg/kg ciing vuot troi hon han so véi nhom
bd sung < 600 mg/kg (10,1 - 11,9 S0 Vi 6,44 - 7,48; p < 0,05) (Hinh 3.13B).
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Dang cha y, viéc ting ham lugng bo sung vuot qua 900 mg/kg khdng mang lai cai
thién thém vé mau sic, thdm chi con ¢6 xu hudng suy giam & hau hét cac chi tiéu quan
trong (8", b, L", C"a va AE"a). Piéu nay cho thay mirc bo sung 900 mg/kg la téi vu dé
dap ung nhu ciu va myc tiéu ting cudng mau sac & ca khoang ¢6 nemo (Hinh 3.14).

B

900 mg/kg

'R

600 mg/kg 1.200 mg/kg

o

300 mg/kg

D6i chirng

Hinh 3.14: Mau sic ciia ca khoang ¢6 nemo dwoc nudi véi cac ham lwrgng khac

nhau cuia carotenoids bo sung tir 6t chuong

3.2.3.2. Ham lwong carotenoids tong sé tich liy trong co thé ca

Ham luong carotenoids bo sung tir 6t chudng vao thire an c6 anh huong dang ké
dén su tich lity carotenoids tong sé trong co thé ca khoang ¢6 nemo (Hinh 3.15). Cu thé,
ham lIugng carotenoids tich lily trén da, trong co va toan than ca tang ty I¢ thuan vai muac
tang ciia ham luong carotenoids bo sung, dac biét Ia trén da. Muc b sung 900 - 1.500
mg/kg cho két qua tich liiy cao nhat, trong khi nghiém thtc déi chiang c6 su tich liy

thAp nhét (p < 0,05).
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Hinh 3.15: Ham lwong carotenoids tong sb tich lily & ca khoang co nemo (ng/g)

dwoc nudi véi cac ham lwong khac nhau ciia carotenoids b sung tir 6t chudng
CAc gia trj duwoc trinh bay dudi dang Mean + SE (n = 3). CAc cét vdi céc chir cai khac nhau thé hién sir khac

biét co y nghia thong ké (p < 0,05).
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So véi d6i ching, mirc d tich lity carotenoids tong s ting manh & cac nghiém
thire bo sung, 1an luot dat 199,7 - 226,2% trén da, 204,0 - 270,5% trong co va 107,0 -
115,4% ddi voi toan than ca (p < 0,05). Tuy nhién, viéc ting ham lugng carotenoids bo
sung vuot qua 900 mg/kg khdng mang lai cai thién thém vé mirc d6 tich lity carotenoids

tong s trong co thé ¢4, tham chi c6 xu huéng suy giam nhe déi voi ham luong tich liy

trong co va toan than (Hinh 3.15).

Két hop vai cac két qua vé chi s6 mau sic da ca (Hinh 3.14), c6 thé khang dinh

muc b sung 900 mg/kg l1a tdi vu dé dap tng nhu cau tich lity carotenoids va tang cuong

mau sic & ca khoang c6 nemo.

3.2.3.3. CAc chi fiéu ting trueng, ty Ié song va hiéu qud si dung thize dn

CAc chi tiéu tang trueeng, ty 1é song:

Ham luong carotenoids tir 6t chudng bo sung vao thirc an anh hudng dang ké dén

téc do tang truong chiéu dai va khéi lugng dic trung (SGRL va SGRw) ciia ¢ khoang

c6 nemo (Bang 3.9).

Bang 3.9: Ting truéng va ty 1¢ song ciia ca khoang ¢6 nemo dwogc nudi véi cac

ham lwong carotenoids bd sung tir 6t chudng khac nhau

Ham lwong carotenoids bé sung (mg/kg)

Chi tiéu —
Doi chirng 300 600 900 1.200 1.500

L1 (cm) 340+0,04 340+004 340+0,04 3,40+0,04 3,40+0,04 3,400,04
W1 (g) 0,72+0,02 0,72+0,02 0,72+0,02 0,72+0,02 0,72+0,02 0,72+0,02
L2 (cm) 4,02 £0,04° 4,05+0,02*° 4,07+0,06° 4,26+0,03° 4,21+0,02° 4,31+0,06°
W2 (g) 1,22 £0,028 1,23+0,01* 1,27+0,03* 1,44+0,03" 1,41+0,05° 1,46+ 0,06°
SGRL

. 0,22 +0,01* 0,23+0,01*° 0,24+0,02® 0,30+0,01° 0,28+0,01*° 0,31+0,02°
(%/ngay)
SGRw

. 0,70+ 0,028 0,72+0,02*® 0,76 +0,03* 0,93+0,03° 0,89 +0,04° 0,94+ 0,06°
(%/ngay)
CVL (%) 122+0,96 886+087 966+023 953+022 988+114 10,4+0,90
CVw (%) 31,7+18 257+175 263+1,03 273057 30,7+3,16 32,1+1,66
CF(g/cm® 1,88+0,03 1,90+001 1,9+004 188+002 1,87+0,03 1,81+0,01
SR (%) 953+233 953+233 97,7+233 97,7+233 953+233 97,742,733

S6 liéu duwoc trinh bay dwdi dang Mean + SE (n = 3). Cac gia tr; trung binh mang ky tu chir cai khac
nhau trong cting hang thé hién sir khac biéz ¢é y nghia thong ké (p < 0,05).
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C& & nhom bo sung > 900 mg/kg thic an c6 SGRL va SGRw cao hon so véi Cac
muc bo sung < 600 mg/kg, 1an luot tir 0,28 - 0,31%/ngay va 0,89 - 0,94%/ngay so Vai
0,22 - 0,24%/ngay va 0,70 - 0,76%/ngay (p < 0,05). Mc cai thién vé SGRL va SGRw &
nhom bo sung > 900 mg/kg cao hon ddi chung lan luot 27,3 - 40,9% va 27,1 - 34,3%.
Tuy nhién, khong c6 tic dong dang ké cua ham lwong carotenoids bé sung dén hé sd
phan dan chiéu dai, khdi luong, hé sb diéu kién va ty 1¢ séng, dao dong lan luot tir 8,86
-12,2%, 25,7 - 31,7%, 1,81 - 1,90 va 95,3 - 97,7% (p > 0,05; Bang 3.9).

Két qua ching minh rang viéc bd sung carotenoids tir 6t chudng vao thirc an co
tac dong tich cuc dang ké dén su tang truéng chiéu dai va khéi lugng cua ca khoang co

nemo, v&i mac bd sung tir 900 mg/kg 1a téi vu.
Hiéu qua su dung thuec an:

Ham luong carotenoids tir 6t chudng bo sung vao thic an ciing tac dong dang ké
dén hiéu qua sir dung thirc an ctia ca khoang ¢ nemo (Bang 3.10). Cac muc bo sung >
900 mg/kg thirc dn di tang luong thirc an an vao (FI) cta ca so vai cac nghiém thic b
sung < 600 mg/kg, 1an lugt tir 1,24 - 1,32 g/con so véi 0,97 - 1,05 g/con (p < 0,05).

Mt bo sung 900 mg/kg cho két qua tt nhat vé hé sé chuyén d6i thie dn (FCR)
va hiéu qua sir dung protein thirc an (PER), trong khi nghiém thirc déi ching cho két
qua kém nhat. FCR giam 14,9% va PER ting 17,8% so véi d6i ching (p < 0,05). Khdng
c6 su khac biét co v nghia thdng ké vé FCR va PER gitta c4c mic bd sung 900 va 1.500
mg/kg hay 600 mg/kg va déi chimg (p > 0,05; Bang 3.10).

Bang 3.10: Hiéu qua sir dung thirc dn cia ca khoang ¢6 nemo dwoe nudi véi cac
ham lweng carotenoids bd sung tir 6t chuéng khic nhau

Ham lwong carotenoids bé sung (mg/kg)

Chi tiéu -

Poi chirng 300 600 900 1.200 1.500
Fl (g/con) 1,01+0,03* 0,97+0,01* 1,07+0,04%4 124+0,07° 1,26+0,06° 1,32+0,08°
FCR 2,02+0,03° 1,88+0,03° 1,96+0,04° 1,72+0,02*® 1,85+0,05° 1,79 +0,05®
PER 0,90+ 0,01 0,97 £0,02°° 0,93+0,02® 1,06+0,01° 0,98 +0,03* 1,02+ 0,03

Sé liéu dwoc trinh bay dwéi dang Mean + SE (n = 3). CAc gia trj trung binh mang ky tw chiz céi khac
nhau trong cting hang thé hién sy khac biéz ¢é ¥ nghia théong ké (p < 0,05).

Nhu vay, viéc bo sung carotenoids tir 6t chudng vao thirc an da duoc ching minh
la mot chién Iuoc hiéu qua dé cai thién dang ké hiéu qua sir dung thae an ¢ ca khoang

cd nemo, véi mic b sung 900 mg/kg 1a téi wu.
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3.2.3.4. Thanh phan sinh héa co thé va hogt tinh enzyme tiéu hoa cia ca

Thanh phdn sinh héa co thé ca:

Ham luong carotenoids bd sung tir 6t chudng c6 tac dong dang ké dén thanh phan
protein va lipid co thé c& khoang c6 nemo, nhung khong anh huéng dén d6 am va ham
luong tro (Bang 3.11). Ca duogc bd sung carotenoids tir 600 mg/kg thirc an trd 1én c6
ham luong protein cao hon so v&i nhom ddi ching, tir 17,7 - 18,5% so véi 16,2% khoi
lwong udt (p < 0,05). Nguoc lai, ham Iuvong lipid co thé cao hon & nhom ddi ching va
b sung 300 mg/kg so vai nhém b sung 900 va 1.500 mg/kg, lan luot tir 6,51 - 6,62%
S0 Vi 5,28 - 5,40% khdi luong wét (p < 0,05).

Bang 3.11: Thanh phan sinh héa co thé ciia ca khoang c6 nemo (% khdi lwong
w6t) dwoe nudi véi cac ham lwong carotenoids bd sung tir 6t chudng

Chi tiéu

Ham lwong carotenoids bé sung (mg/kg)

0 (POC) 300 600 900 1.200 1.500

Moiture (%) 72,7+ 0,30 72,3+ 0,40 71,9+0,20 719+0,48 71,8+ 0,25 719+0,44

Protein (%) 16,2+ 0,64 16,9+0,33® 17,7+0,46™ 184+0,33° 18,1+0,29 18,5+ 0,29°

Lipid (%)

6,62+0,29° 6,51+0,31° 6,10+0,33® 540+0,332 573+0,23% 5,28+ 0,26

Tro (%) 413+0,19 414+021 417+018 3,95+0,32 4,11+0,13 4,09 + 0,20

S6 liéu duwegc trinh bay diwri dang Mean + SE (n = 3). CAc gi4 tr; trung binh mang ky tw chi# cai khac nhau trong
cling hang thé hién s khac biét c6 y nghia thong ké (p < 0,05).

Diéu dic biét 14, ham luong protein va lipid co thé c& bién doi trai nguoc nhau ti
Ié thuan véi mie ting cia ham lugng carotenoids bo sung. Protein ¢6 xu hudng tang,
nguoc lai lipid giam theo muc bd sung carotenoids ting dan. Tuy nhién, viéc bd sung
carotenoids khong tac dong dang ké dén ham Iuong tro (3,95 - 4,17%) va d6 am (71,8 -
72,7%) co thé ca (p > 0,05) (Bang 3.11).

Hoat tinh cuia cac enzyme tiéu hoa cua ca:

Viéc bd sung carotenoids tir 6t chudng vao khau phan an c6 tac dong tich cuc dén
hoat tinh cua cac enzyme tiéu hoa trong co thé ca khoang c6 nemo (Bang 3.12).

Bang 3.12: Hoat tinh cac enzyme tiéu héa trong co’ quan tiéu héa cia ca khoang
c0 nemo (U/mg) dwgc nuoi véi cac ham lwgng carotenoids bo sung tir 6t chuong

Ham lwong carotenoids bé sung (mg/kg)

Chi tiéu
0 (PC) 300 600 900 1.200 1.500

Amylase 982+173 115+161 120+£191 135+£1,74 130+189 13,6+1,17

Protease 1,57+0,318 1,82+0,15® 250+ 0,27°° 2,76+0,22° 2,70+0,26° 2,82+ 0,25°

Lipase 2,96 +0,62° 3,55+0,33* 4,98+043" 540+0,36° 522+0,37" 559+0,36

S6 liéu duwoc trinh bay dwéi dang Mean + SE (n = 3). Cac gia tri trung binh mang ky ti chiz cai khac nhau trong
cling hang thé hién s khac biét c6 y nghia thong ké (p < 0,05).
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Hoat tinh cua cac enzyme tiéu hoa ting ti 1€ thuan véi mic ting ciia ham luong
carotenoids bo sung. Hoat tinh enzyme protease & mirc bo sung tir 900 mg/kg tro Ién
cao hon dang ké so véi mirc 300 mg/kg va ddi ching, tir 2,70 - 2,82 U/mg so véi 1,57 -
1,82 U/mg (p < 0,05). Tuong tu, hoat tinh enzyme lipase & mtc bé sung tir 600 mg/kg
tré Ién cling cao hon so voi mac 0 - 300 mg/kg. Hoat tinh enzyme amylase tang ty 1€
thuan véi ham luong carotenoids bo sung, tuy nhién su khac biét giira cac nhém khéng
¢4 ¥ nghia théng k&, dao dong tur 9,82 - 13,6 U/mg (Bang 3.12).

3.2.4. Anh hwéng ciia ham lwong carotenoids tir vé tom
3.2.4.1. Mau sdc da ca

B6 sung carotenoids vao khau phan in cua ca khoang ¢6 nemo di cai thién dang
ké céc chi s6 mau sic da ca so vai dbi ching (Hinh 3.16). Do do mau da ca (chisé a”)
dat cao nhat & muc bo sung 800 mg/kg thire an, ting 163,4% so véi ddi chiing (p < 0,05).
Tuy nhién, khdng cé su khac biét dang ké vé chi sb a” giita hai mic bo sung 800 va 600
mg/kg, lan luot 12 21,6 va 20,9 (p > 0,05) (Hinh 3.16A).
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Hinh 3.16: Céc chi s6 mau sic da ciia ca khoang c6 nemo dwoc nudi véi cac ham
lwgng carotenoids bé sung khac nhau: (A) L, a", b va (B) C"ab, h'ab, AE ap
Cac gia tri duoc trinh bay dudi dang Mean + SE (n = 3). Cac cot véi cac chir cai khac nhau thé hién su khac
biét ¢6 y nghia thong ké (p < 0,05).
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Xu huéng tuong tu cling dugc ghi nhan véi do vang mau da (b™) va do bdo hoa
mau da (Ca), v&i két qua tot nhat & mie bd sung 600 - 800 mg/kg va thap nhat & nhém
d6i chimg. Piéu nay cho thay mic b sung 600 - 800 mg/kg gitp ca dat duoc mau da
d6 dam, sac nét va ruc rd hon so vai cac muc bd sung khac va déi ching. Su khéc biét
mau sic tong thé cia da ca & nhom bo sung so voi déi chimg (AE a) ciing thé hién rd
rét hon & muc bo sung 600 - 800 mg/kg so vai 200 - 400 mg/kg (p < 0,05; Hinh 3.16B).

Nguoc lai, chi s6 do sang mau da (L") va tong mau (h"a) giam theo muc ting cua
ham luong carotenoids bd sung. Gié tri L™ cao nhat & d6i ching (48,3) va thip nhat ¢
muc b sung 1.000 mg/kg (44.4) (p < 0,05). Tuong tw, gi tri h™a cao nhat & di chung
va thap nhat & muc bd sung 1.000 mg/kg, lan luot 12 63,0 va 51,5 (p < 0,05). Nhiing két
qua nay cho thay ring viéc ting qua cao ham luong carotenoids bd sung (800 - 1.000
mg/kg) c6 thé 1am da ca toi mau hon, trong khi ¢ dbi ching, mau da ca c6 xu hudéng
sang hon va thién vé mau vang nhat (Hinh 3.16).

400 mg/kg 200 mg/kg

1.000 mg/kg 600 mg/kg Dé6i chirng

Hinh 3.17: Mau siic ciia ¢4 khoang c6 nemo dwoc nudi véi cac ham lwong
carotenoids bo sung khac nhau

Tuy nhién, do d6 d6 - cam mau da (2", b") 1a tiéu chi quan trong nhét trong danh
gia chat luvong mau sic caa ca khoang ¢ nemo, cac gia tri tich cuc & muac bé sung 600
- 800 mg/kg cung cb gia thuyét day 1a pham vi pht hop véi nhu cau caa loai ca nay,
giup chung dat duoc mau sic ¢6 dam va ruc rd nhat (Hinh 3.17).

3.2.4.2. Ham lrong carotenoids tong so tich liy trong co thé ca

Ham lugng carotenoids téng sé tich liy trong co thé ca khoang c6 nemo dugc
cho an ché @6 bd sung carotenoids khéac nhau tir v tdm dugc trinh bay trén Hinh 3.18.
Két qua cho thay ham lugng carotenoids tong sd tich liy trén da ca ting ty 1¢ thuan véi
ham lwong carotenoids bo sung vao thtc an. Mc b sung 600 - 1.000 mg/kg dat cao
nhat, ting 317.2 - 341,4% so Vi dbi chiing (p < 0,05).
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Xu hudng tuong tu cling dugc ghi nhan vai ham lugng carotenoids tich iy trong
co va toan than c4. Muc cao nhat dugc quan sat & mic bo sung 800 - 1.000 mg/kg trong
co va 1.000 mg/kg trong than ca, véi muc ting dao dong tir 154,9% - 183,7% so Vi doi
chang (p < 0,05). Pang cha ¥, su tich lily carotenoids & ba muc bd sung 600 - 1.000
mg/kg khong cd sy khac biét dang ké & ca da, co va toan than (p > 0,05). Két qua nay
cho thay viéc gia ting ham luwong carotenoids bo sung trén 600 mg/kg khdng cai thién

dang ké sy tich lily carotenoids tong s6 trong co thé ca.
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Hinh 3.18: Ham lwong carotenoids tong sé tich lily trong co thé ca khoang cd
nemo (ug/g) dwoc nudi véi cac ham lwong sic té bo sung khac nhau
Cac gia tri duwoc trinh bay dudéi dang Mean £ SE (n = 3). CAc cét véi cac chir cai khac nhau thé hién su khac
biét ¢6 ¥ nghia théng ké (p < 0,05).

Hon nira, sy tich lily carotenoids tir ngudn vo tdm bd sung cha yéu dién ra trén
da ca, v6i luong 16n nhét (167,3 - 1770 pg/g), trong khi lugng rat nho tich liy trong co
ca (7,86 - 8,85 pg/g) ¢ ba ham lwong bo sung 16n nhat (Hinh 3.18). Nhitng phat hién
nay khing dinh vai trd cua ngudn carotenoids tir vo tdm trong viéc ting cudng ham
lwong carotenoids tong sé tich liiy trong co thé ca khoang co nemo, va muac b sung tir

600 mg/kg dugc xac dinh la thich hop cho loai ca nay.
3.2.4.3. CAc chi tiéu ting trueng, ty Ié song va hiéu qud si dung thite dn
CAc chi tiéu tang trueeng, ty 16 song:

Nhin chung, bé sung carotenoids cai thién dang ké ting truong so vai ddi ching
(Bang 3.13). Ca duoc cho an khau phan bd sung 600 va 800 mg/kg dat téc do ting
truong chiéu dai dic trung (SGRL) 16n nhat (0,40 - 0,41%/ngay), cao hon 37,9 - 41,4%
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so véi ddi chimg (0,29%/ngay) (p < 0,05). Tuong tu, téc d6 ting truong khi lugng dac

trung (SGRw) cao nhat & muac bd sung 800 mg/kg, ting 42.7% so vai ddi chung (p <
0,05). Khong c6 su khac biét dang ké vé SGRL va SGRw gitra cac mic b sung 600 —

1.000 mg/kg (p > 0,05).

Bang 3.13: Ting truéng va ty 1¢ song ciia ca khoang c6 nemo dwoe nudi véi cac
ham lwong carotenoids bo sung khac nhau

Ham lwong carotenoids bé sung (mg/kg)

Chi tiéu
Control 200 400 600 800 1.000
L1 (cm) 300+005 300+005 300+005 300+005 3,00+005 3,00+0,05
Wi (g) 0,58+0,03 058+003 058+0,03 058+0,03 058+0,03 0,58=0,03
L2 (cm) 3,74+0,02* 3,85+0,01° 395+0,01° 4,05+0,02¢ 4,07+0,03% 4,03+ 0,04
W: (g) 1,02+0,02* 1,10+0,01° 1,20+0,02° 1,28+0,02¢ 1,29+0,02¢ 1,27 + 0,04%
SGRL X ] ] ]
. 0,29+0,01* 0,33+0,01° 0,37+0,01° 0,40+0,01 0,41+0,01% 0,39+ 0,02
(%/ngay)
SGRw X . . ]
. 0,75+0,03* 0,85+0,02® 0,97 +0,03° 1,05+0,02 1,07 +0,02¢ 1,04+ 0,04
(%/ngay)
CVL (%) 11,3+0,67 103+0,33 933+088 833+088 933+08 10,7+0,88
CVw (%) 353+1,76° 33,0+1,16° 30,3+291® 257+0,33% 27,0+0,58% 34,3+2,33"
CF(g/lem® 1,95+001 191+0,03 1,95+002 192+0,01 1,92+001 1,94+0,01
SR (%) 9114222 9564222 956+222 978%222 97,8+222 956+2,22

Sé liéu dwoc trinh bay dwéi dang Mean = SE (n = 3). Cac gi4 trj trung binh mang ky ti cha cai khac nhau trong

cting hang thé hién sy khac biét cé ¥ nghia thong ké (p < 0,05).

Hé s6 phan dan khéi lwong (CVw) thap nhat & mac bd sung 600 va 800 mg/kg
(25,7 - 27,0%), cho thay ca c6 kich c& déu hon so v&i cac muac bd sung khac (33,0 -

35,3%) (p < 0,05). Tuy nhién, bb sung carotenoids khdng anh huéng dang ké dén hé sé
phan dan chiéu dai (CVL), hé sb diéu kién (CF) va ty 1¢ song (SR) (p > 0,05). Tém lai,
két qua cho thiy bd sung carotenoids tir vo tdm & mic 600 - 800 mg/kg la phu hop dé

cai thién ting truong cua ca khoang co nemo.

Hiéu qua su dung theec an:

Mac du luong thire an tiéu thu (FI) twong duong gitra cAc nghiém thurc, nhung hé
s6 FCR va PER khac biét dang ké so voi ddi chung. Ca duge cho an voi mic bo sung

600 mg/kg dat két qua tét nhat, véi FCR giam 21,2% va PER ting 27,2% so v&i doi

chang (p < 0,05). Khéng c6 su khéc biét dang ké vé FCR va PER gitra cac mirc bo sung
600 - 1.000 mg/kg (p > 0,05; Bang 3.14).
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Bang 3.14: Hi¢u qua sir dung thirc in ciia ca khoang c6 nemo dwoc nudi véi cac
ham hrong carotenoids bo sung khic nhau

Ham lwong carotenoids bé sung (mg/kg)

Chi tiéu :

Poi chirng 200 400 600 800 1000
FI1 (g/con) 0,87 = 0,03 0,97 = 0,07 1,12 £ 0,09 1,09 £ 0,05 1,17 £ 0,07 1,14 £ 0,08
FCR 1,99 +0,08° 1,87+0,09° 1,81 +0,08" 155+0,04° 1,65+0,05® 1,66+ 0,03®
PER 0,92 +0,04% 0,98+0,05® 1,01+0,05® 1,17+0,03% 1,10+0,04% 1,09+ 0,02°

S6 liéu dweoc trinh bay dudi dgng Mean + SE (n = 3). C&c gié trj trung binh mang ky t chi cai khac nhau trong
cung hang thé hién sy khac biét co y nghia thong ké (p < 0,05).

T6m lai, bd sung carotenoids cai thién hiéu qua sir dung thirc 3n cua ca khoang
c6 nemo. Tang ham lugng bo sung trén 600 mg/kg khong cai thién dang ké hiéu qua sir
dung thtrc an, tham chi c6 xu huéng giam nhe. Nhu vay, két qua nay khang dinh muc
bd sung 600 mg/kg la phu hop vai nhu cau caa ca khoang co nemo.

3.2.4.4. Thanh phdn sinh héa co thé va hogt tinh enzyme tiéu hoa cia ca
Thanh phan sinh héa co thé ca:

Két qua nghién ctru cho thay viéc bo sung carotenoids tir vo tdm vao thire an co
anh huong dang ké dén thanh phan protein va lipid trong co thé ca khoang c¢6 nemo
(Bang 3.15). Ham lugng protein ting ty 1¢ thuan véi muac carotenoids bo sung, dat cao
nhat & cac nghiém thac ¢ muc bo sung > 600 mg/kg thirc an (19,7 - 19,9% khéi lugng
udt), trong khi d6 thap nhat & nghiém thic ddi chimg (16,4%) (p < 0,05). Nguoc lai,
ham luong lipid giam dan theo su gia tang cua carotenoids trong khau phan, véi gia tri
thip nhat & muc bd sung 1.000 mg/kg (5,13%) va cao nhat & nghiém thirc dbi ching
(7,88%). Tuy nhién, khong c6 su khéc biét dang ké vé ham lugng protein va lipid & cac
nghiém thirc bd sung carotenoids trong khoang 600 - 1.000 mg/kg. Ham luong tro va do
am cua co thé ca khong bi anh huang boi cac muac bo sung carotenoids khac nhau, dao
déng tuong ting trong khoang 5,85 - 6,40% va 68,4 - 69,9%.

Bang 3.15: Thanh phan sinh héa co thé ciia ca khoang c6 nemo (% khdi lwong
wét) dwoe nuoi véi cac ham lwgng carotenoids bo sung khac nhau

Ham lwong carotenoids bé sung (mg/kg)

Chi tiéu —
Poi chirng 200 400 600 800 1000

Moiture (%) 699+085 692+042 69,2+057 68,4+0,37 68,6 +0,67 68,8+0,20

Protein (%) 16,4 +0,46* 175+0,30° 18,4+0,20° 19,7+0,24° 19,7+0,31° 19,9+0,32°

Lipid (%) 7,88+0,36 6,70+0,16° 5,86+0,20° 545+0,13% 533+0,10® 513+0,122

Tro (%) 584+0,28 6,32+0,34 634+027 640%0,21 6,28+0,20 6,14 +0,16

S6 liéu dwoc trinh bay dwdéi dang Mean + SE (n = 3). C4c gid trj trung binh mang ky ti cha cai khac nhau trong
cuing hang thé hién su khac biét c6 y nghia thong ké (p < 0,05).
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Hoat tinh cuia cac enzyme tiéu hoa cua ca:

Viéc bo sung carotenoids vao thirc an da cai thién dang ké hoat tinh cua enzyme
protease va lipase trong duong tiéu hda cua ca khoang co nemo (Bang 3.16). Xu huéng
chung cho thiy hoat tinh cua ca hai loai enzyme nay ting theo ham Iwong carotenoids
b sung. O cac nghiém thic c6 mac bd sung 600 - 1.000 mg/kg, hoat tinh protease va
lipase (lan luot 14 2,31 - 2,43 U/mg va 6,51 - 6,72 U/mg) cao hon dang ké so voi muc
b sung 200 mg/kg va ddi chung (lan luot 13 1,31 - 1,79 U/mg va 2,95 - 4,55 U/mg) (p
< 0,05). Hon nita, v&i cac mac bd sung tir 400 - 1.000 mg/kg, su khac biét vé hoat tinh
cua hai enzyme nay 1a khéng c6 y nghia théng ké (p > 0,05), cho thay muac bd sung tir
400 mg/kg c6 thé da dap ung duoc nhu cau dé ting cuong hoat dong tiéu héa & ca
khoang c6 nemo. Tuy nhién, hoat tinh cua enzyme amylase khéng c6 su thay doi dang

ké gitta cac nghiém thire thi nghiém (10,4 - 13,9 U/mg).

Bang 3.16: Hoat tinh cic enzyme tiéu héa trong co’ quan tiéu hoa cua ca khoang

¢6 nemo (U/mg) dwrgc nudi v6i cac ham hrgng carotenoids bd sung khac nhau

Ham lwong carotenoids bd sung (mg/kg)
Chi tiéu

Poi chirng 200 400 600 800 1000

Amylase 104+112 11,4+0,39 12,5+ 1,00 13,7+0,39 139+0,69 12,9+0,89

Protease 1,31+0,16% 1,79+0,12° 2,19+0,09*° 243+0,13° 251+0,20° 2,31+ 0,10°

Lipase 2,95+0,27° 4,55+0,58" 587+041° 6,70+£0,24° 6,72+0,27° 6,51+0,54°

S6 liéu duoc trinh bay duwéi dang Mean + SE (n = 3). Cac gi4 trj trung binh mang ky ti ché cai khac nhau trong
cling hang thé hién s khac biét c6 y nghia thong ké (p < 0,05).

3.2.5. Anh hwéng cia thei gian bé sung carotenoids tir vé tdm
3.2.5.1. Mau sdc da ca

Két qua nghién ctu cho thay thoi gian bd sung carotenoids c6 anh huéng dang
ké dén mau sic da cua ca khoang ¢6 nemo (Hinh 3.19). Nhin chung, da s6 cac chi tiéu
MAu Sac quan trong duoc cai thién theo su ting 1én cua thai gian b sung. Cu thé, do do
mau da (a") dat cao nhat & nghiém thuc bd sung 45 ngay, ting 72,8% so v4i nghiém thirc
15 ngay (p < 0,05). Po vang (b") va do bdo hoa (C™a) dat gia tri 16n nhat & nhém bo
sung 75 ngay (24,9 va 32,3), trong khi thap nhat & nhém 15 ngay (21,3 va 24,8) (p <
0,05) (Hinh 3.19A).

Tuy nhién, do séng mau da (L") va tdng mau (h"a) thé hién xu huéng nguoc lai.

D6 sang mau da giam dan theo thoi gian bo sung carotenoids, véi gia tri cao nhit &
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nhom 15 ngay (47,7) va thap nhat & nhém 75 ngay (43,1) (Hinh 3.19B), cho thay kéo
dai thoi gian bo sung cd thé khién da ca tro nén toi mau hon. Tuong ty, tong mau da dat
cao nhat & nghiém thirc 15 ngay (59,6) va thap nhat & nghiém thirc 45 ngay (47,8), tuong
ung vai su Khac biét gitra mau vang nhat va dé dam (Hinh 3.20).
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Hinh 3.19: Céc chi s6 mau sic da ciia ca khoang ¢6 nemo dwogc nudi véi cac khoang
thoi gian bo sung carotenoids khac nhau: (A) L*, a", b" va (B) C"ab, h*ab, AE s
CAc gia tri duwoc trinh bay dudi dang Mean + SE (n = 3). CAc cét véi cac chir cai khac nhau thé hién su khac
biét ¢é y nghia thong ké (p < 0,05).

Phan tich thong ké cho thay khéng c su khéac biét dang ké vé kha ning tang
cuong mau da ca & cac nghiém thirc bo sung 45 - 75 ngay, dac biét ¢ cac chi tiéu quan
trong nhu a” va h™a, lién quan dén mau sac cam - ¢6 mong muén cia ca khoang ¢ nemo
(p > 0,05; Hinh 3.19B). Bén canh d6, chi s khac biét tong thé mau sic da (AEa) cua
cac nhom b sung 45 va 60 ngay khdng khac biét dang ké so véi nhom 75 ngay. Két qua
nay goi y rang thoi gian bd sung 45 ngay 1a phi hop, giup ca dat dugc mau sic do dam,

ruc rd, 6 chiéu siu, ddng thoi tdi wu hoa thoi gian cho dn va chi phi sir dung carotenoids.
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Hinh 3.20: Mau sic ciia ca khoang ¢6 nemo dwogc nudi véi cac khoang thoi gian
b6 sung carotenoids khac nhau

3.2.5.2. Ham lwong carotenoids tong sé tich liy trong co thé cé

Nghién ctru da chi ra mdi quan hé ty Ié thuan giira thoi gian bo sung carotenoids
va ham luong carotenoids tong s6 tich liiy trong co thé c& khoang c6 nemo. Ham luong
carotenoids trén da, trong co va toan than ca & nhdm bd sung 75 ngay dat cao nhat, voi

muc tang tuong ung 83,9%, 109,2% va 78,2% so vai nhdm 15 ngay (p < 0,05).

ODa mCo E Toan than
165 -
[
Cc C
— 132 — —
=
(1]
= b
§ 99 - 1
<] a
c
(]
B 66 1
[+
b b b b :
T 33 a
a b c c c
0 = T T
15 30 45 60 75

Thei gian b8 sung (ngay)

Hinh 3.21: Ham hwong carotenoids tong so tich liiy trong co thé ca khoang c6

nemo (pg/g) dwoc nudi véi cac khoing thoi gian bd sung khac nhau
Céc gia tri duwoc trinh bay dwéi dang Mean £ SE (n = 3). C4c cét vdi cac chir cai khac nhau thé hién s khac
biét ¢6 y nghia thong ké (p < 0,05).

Tuy nhién, khéng c6 sy khac biét dang ké vé ham lugng carotenoids tong sé tich
Ity trén da (132,3 — 141,7 ug/g), trong co (4,03 — 8,43 ug/g) va toan than ca (22,8 — 40,7
Hg/g) giira cac nhdm bd sung 45, 60 va 75 ngay (p > 0,05). Két qua nay cho thiy viéc

kéo dai thoi gian bd sung carotenoids vuot quéa 45 ngay khdng mang lai hiéu qua tich
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lity cao hon trong co thé ca. Do d6, thoi gian bd sung carotenoids trong khoang 45 ngay

duogc dé xuat 12 toi uu cho loai ca khoang co nemo.
3.2.5.3. CAc chi fiéu ting trueng, ty Ié song va hiéu qud si dung thite dn
Cac chi tiéu tang truong, ty 16 song:

Thoi gian bd sung carotenoids chiét xut tir vo tdm c6 anh huong dang ké dén
tang trudng cta ca khoang co nemo. Ca duoc bo sung trong 45 - 75 ngay ¢d tdc do ting
truong khéi lugng dic trung cao hon 7,0 - 10,0% so voi nhém bo sung 15 ngay (p <
0,05). Hé s6 phan dan chiéu dai (CVL) dat tét nhat & nhém bo sung 45 ngay, nhung kém
nhat & nhdm 75 ngay (p < 0,05). C4c chi tiéu danh gia sinh treong (L2, W2, SGRL), trang
thai co thé (CVw, CF) va ty ¢ séng khdng cd su khéc biét c6 ¥ nghia thong ké giira cac
nghiém thirc (p > 0,05; Bang 3.17). Két qua cho thay thoi gian bo sung carotenoids it
tac dong dén ting truong va ty 1é song cua ca khoang ¢6 nemo so vai ngudn va ham
lwong bo sung. Tuy nhién, thoi gian bo sung 45 ngay duoc xac dinh Ia thich hop cho
nhu cau caa loai ca nay.

Bang 3.17: Ting truwéng va ty 1é song ciia ca khoang ¢6 nemo dwoc nudi véi céc
khoang thoi gian bo sung carotenoids khac nhau

Thei gian bé sung (ngay)

Chi tiéu
15 30 45 60 75

L1 (cm) 320+£0,02 320+0,02 320+£002 320002 3,20+0,02
W1 (g) 062+0,04 062+004 062+004 062004 0,62+0,04
L2 (cm) 415+0,03  421+003 422+001  427+0,03 4,23+0,02
W2 (g) 1,31+0,02 1,37+0,03 1,39+0,01 1,41+002 1,38%0,02
SGRL (%/ngay) 035+001 037+001 037+001 038+001 0,37+0,01
SGRw (%/ngay) 1,00 +0,02®¢ 1,06 +0,03® 1,07+0,01° 1,10+0,02° 1,07 +0,02°
CVL (%) 195+0,33¢ 11,9+0,43° 893+0,44* 143+054° 21,7+0,41°
CVw (%) 353+155 306+060 282+070 31,7+127 32,1+230
CF (glcm®) 1,84+0,01 184+003 1,84+001 182+001 1,83+0,01
SR (%) 97,8+222 978+222 956+222 933+385 956+444

S6 liéu dwoc trinh bay dwéi dang Mean + SE (n = 3). Cac gi4 trj trung binh mang ky tir cha cai khac nhau trong
cling hang thé hién si khac biét c6 y nghia thong ké (p < 0,05).

Hiéu qua su dung thue an:

Thai gian bé sung carotenoids ¢6 anh huang rd rét 18n hiéu qua st dung thic an

cua ca khoang c6 nemo. O cac nhém bd sung tir 45 ngay tré 18n, hé sb chuyén héa thirc
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an (FCR) giam 14,4 - 16,4% va hé s6 hiéu qua st dung protein (PER) ting 16,2 - 19,4%
so v&i trung binh ctia nhém b sung ngan hon (p < 0,05). Luong thiec n tiéu thy tuong
duong nhau gitra cac nghiém thuec.

Bang 3.18: Hi€u qua sir dung thirc an ciia ca khoang c6 nemo dwgc nudi voi cac
khoang thoi gian bo sung carotenoids khac nhau

Thoi gian bd sung (ngay)

Chi tiéu

15 30 45 60 75
FI (g/con) 1,35+0,03 141+005 124+0,06 1,28+0,07 1,25+0,04
FCR 1,95+0,06° 188+003" 162+008 1,60+0,04*® 1,640,032
PER 0,94+0,03% 0,97+0,0228 1,13+0,06° 1,14+0,03" 1,11+0,02°

Sé liéu dwoc trinh bay dwéi dang Mean + SE (n = 3). CAc gid trj trung binh mang ky ti ché cai khac nhau trong
cuing hang thé hién su khac biét ¢é y nghia thong ké (p < 0,05).

Péng cht ¥, ca FCR va PER déu khong cd sy khéc biét co y nghia thong ké gitta
cac nhom bo sung 45, 60 va 75 ngay (p > 0,05). Diéu nay cho thay viéc kéo dai thoi gian
b6 sung qué 45 ngay khéng mang lai cai thién dang ké vé hiéu qua sir dung thuc an,
tham chi c6 xu huéng giam & nhém 75 ngay. Két qua nay maot lan nita khang dinh ché

d6 bd sung 45 ngay la thich hop nhat véi ca khoang ¢ nemo.
3.2.6. Théo luin vé inh huéng ciia ché dé b sung carotenoids 1én cd khoang cé neno
3.2.6.1. Mau sdc da va ham lwong carotenoids tong sé tich lily trong co thé ca

Mau sac 1a mot trong nhitng yéu té quan trong quyét dinh gié tri va kha ning tiéu
thu caa ca khoang ¢4 nemo néi riéng va ca canh noi chung. Vi vy, nhiéu nd luc di dugc
thue hién nham cai thién mau sac cua ca trong diéu kién nudi, véi muc tiéu dat dugc
chat lugng tuong duong hodc vuot troi so véi nguon ca khai thac tir tu nhién [109]. Cho
dén nay, cic phuong phap danh gia hiéu qua ting cuong mau sic & ca rat da dang, tir
danh gia cam quan dén cac phan tich, do lwong chuyén sau trong phong thi nghiém.
Trong s6 d6, phan tich so mau bang cac thiét bi do mau chuyén dung (st dung khdng
gian mau Lab” va LCh®) va xac dinh ham luong carotenoids tich lily trong co thé Ia hai
phuong phap duoc st dung rong rdi nhat va cho két qua dang tin cay [57, 63, 192, 215].
Viéc két hop ca hai phuong phép trén s& cung cap mot birc tranh toan dién vé hiéu qua
cua viéc bo sung carotenoids d6i véi mau sic cua ca, tir dic diém mau sic bén ngoai dén

ham luong sac to tich liy bén trong co thé.
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Trong nghién cau nay, cac ché do bo sung carotenoids, bao gdm ngudn b sung
(tu nhién tir 6t chubng, gac, vo tdm hoic copepoda va tong hop tir astaxanthin), ham
lwgng bo sung (tir 900 mg/kg véi 6t chudng va tir 600 mg/kg véi vo tdm) va thai gian
b sung (tir 45 ngay Vi vo tom) da cai thién dang ké mau sic cia ca khoang ¢ nemo.
Két qua nay duoc thé hién qua su gia ting cac chi s6 do ludng mau sic da (8", b*, ha,

C"ab va AE"») va ham luong carotenoids tich lity trong co thé so voi nhom dbi ching.

Hai chi tiéu quan trong nhat 1a do ¢o mau da (chi sé a”) va ham luong carotenoids
tich lily trén da da cho thdy mirc d6 cai thién dang ké. Cu thé, cac nhém bd sung sac to
néu trén c6 mic tang lan luot tir 75,3 — 163,7% va tir 89,9 — 341,4% so v6i nhom doi
ching. Két qua nay da khang dinh vai trd va hiéu qua caa ngudn carotenoids chiét xuat
tir 6t chudng/gac, vo tdm/copepoda ciing nhu astaxanthin tdng hop trong viéc nang cao
chat lwong mau sic cua ca khoang c¢6 nemo. Tac dung tich cuc caa viéc bd sung
carotenoids dbi véi ca khoang cd nemo dd dugc bdo céo trong nhiéu nghién ciru trude
day khi sir dung ca ngudn tu nhién [57, 137] va téng hop [51, 175]. Tuy nhién, can luu
y rang hiéu qua ting cudng mau sic ¢ thé thay doi ty theo ngudn carotenoids st dung,
ham luong va thoi gian bd sung, kich ¢& ¢4 cling nhu cac didu kién cham soc va quan ly
khac [51, 88, 114, 222]. Do @6, viéc hra chon ché do bd sung carotenoids pht hop 1a rat
quan trong dé dat duoc mau sic da mong mudn va téi wu hoa ham lwong carotenoids

tich liy trong co thé c& khoang ¢ nemo.

Tir két qua khao st cac nguon carotenoids tir thyc vat (TN3) va dong vat (TN4)
trong viéc cai thién mau sic caa ca khoang c6 nemo, 6t chudng va vo tém di duoc luya
chon cho cac nghién ctru sau hon vé ham lugng bo sung téi wu. Mic di gac va ot chudng
6 hiéu qua tuong duong trong cai thién mau sic cua ca, 6t chudng dugc vu tién do
mang lai su cai thién mau sic tu nhién va hai hoa hon, phu hop véi thi hiéu cua thi
truong ca canh (Hinh 3.7 va 3.8, xem thém Muc 1.3.1). Bén canh do, 6t chudng la loai
rau qua pho bién toan cau, dé trong véi san luong 6n dinh, ty 1& thu hoi cao, dam bao
ngudn cung cap nguyén liéu on dinh cho viéc san xuat thire an cho ca, trong khi gac 1a
loai qua mua vu, duoc trong giéi han & mot s6 nudc thude Pong Nam A, san lugng phu
thugc nhiéu vao diéu kién thoi tiét va kho kiém soat chat lugng [21, 153, 172]. Dbi véi
ngudn ddng vat, vo tdm duogc wu tién hon copepoda mac du hiéu qua ting cuong mau

sac giira chung khdng c6 sy khac biét dang ké (Hinh 3.10 va 3.11, xem thém Muc 1.3.1).
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Viéc tan dung vo tdm, mot phu pham caa nganh cong nghiép ché bién tdm, mang lai y
nghia quan trong vé mat moi truong, giam thiéu chat thai va tao ra gia tri gia ting cho
phu pham nay [140]. Hon nita, v6 tdm san cd véi sé luong 16n va 6n dinh tir cac nha
may ché bién, dam bao ngudn cung cap chat luong déng nhat cho san xuét thirc an, trong
khi ngudn cung cap copepoda phu thudc nhidu vao diéu kién tu nhién, san lugng va chat
lwong khong 6n dinh, giy kho khin cho viéc chuan héa qui trinh san xuét thirc an quy

mo cong nghiép [44].

Mot phat hién trong nghién cau nay 1a hiéu qua cai thién mau sac caa nguon
carotenoids tir dong VAt (vo tdm va copepoda) c¢6 xu hudng vuot tréi hon so vai nguon
carotenoids tir thuc vat (6t chudng va gac). Cu thé, muc ting chi sé a” va ham luong
carotenoids tich lily trén da ctia hai nhém bé sung carotenoids tir dong vat so vai nhom
dbi chung lan luot 14 81,2 — 84,8% va 169,2 — 177,5%, trong khi d6, cac gié tri twong
ng & hai nhém b sung carotenoids tir thuc vat chi la 75,4 — 89,3% va 89,9 — 98,6%
(Hinh 3.7, 3.9 va Hinh 3.10, 3.12). Két qua nay goi y rang ngudn carotenoids tir dong
vat c6 thé dugc ca khoang co nemo hap thu va chuyén hoéa tét hon so v&i nguon
carotenoids tir thuc vat, tir d6 dan dén hiéu qua cai thién mau sic cao hon. Diéu nay c6
thé do cau trGc phan tir cia carotenoids tir dong vat twong dong hon vai cac dang
carotenoids ty nhién trong co thé c4, gilp qué trinh hap thu va chuyén héa dién ra thuan
loi hon [60, 115]. Ngoai ra, vo tdm va copepoda con chia nhiéu acid béo khong bdo hoa
va phospholipid, 1a nhitng chat dong vai trd quan trong trong viéc van chuyén va luu trix

carotenoids trong co thé [84, 140].

Pang chu y, viéc ting ham luong carotenoids bé sung (tir 900 1&n 1.500 mg/kg
VGi 6t chubng va 600 1én 1.000 mg/kg véi vo tdm) va thoi gian bd sung (tir 45 1én 75
ngay) khong cai thién thém dang ké cudng d6 mau sic da va ham lwong carotenoids tich
lity trong co thé ca. Cu thé, khi ting ham lugng sac td bo sung tir 900 — 1.500 mg/kg Vi
6t chudng va 600 — 1.000 mg/kg vai vo tdm, chi s6 d6 dé mau da cé (a") c6 xu hudng
giam nhe lan luot 12 10,8% va 3,55%, trong khi ham lwong carotenoids tich liy trén da
ca ciing tang 1én khong dang ké, 1an luot 13 8,83% va 5,82% (p > 0,05). Tuong tu, khi
tang thoi gian bo sung tir 45 — 75 ngay, chi s6 do dé mau da giam 4,98% trong khi ham
lwong carotenoids tich lity trén da ciing tang khong dang keé, 1én 7,10% (p > 0,05). Nhiing

két qua nay cho thay ring ham luong carotenoids bo sung 900 mg/kg thic an véi 6t

116



chuéng va 600 mg/kg thirc an trong thdi gian 45 ngay vai vo tom co thé 1a liéu luong va
thoi gian bo sung thich hop cho muc tiéu ting cudng mau sic ¢ ca khoang co nemo,
gilp t&i wu hoa chi phi ma van dam bao hiéu qua cai thién mau sic. Két qua nay phu
hop Vai cac nghién ctu trude d6 trén nhiéu loai c&, tdm cho thiy kha niang hap thu va
tich liiy carotenoids trong co thé ca chi dién ra dén mot ngudng nhat dinh, khi vuot qué
ngudng nay, lugng carotenoids du thira € bi dao thai ra ngoai va khong dem lai lgi ich

gi thém cho viéc cai thién mau sic [97, 172].

Cac nghién cau trudce day cling bao cdo tac dong tich cuc cua viéc bo sung
astaxanthin/carotenoids, ca tu nhién va nhan tao, d6i véi mau sic cia ca khoang ¢ nemo.
Chi sb a” trong nghién ctru nay dat tir 20,9 — 21,6, cao hon so véi két qua tir mot sb bao
cao trudce, nhu 11,5 + 0,73 khi bd sung nhwa dau 6t (paprika oleoresins) & muc 20 g/kg
thirc an [57], hay 16,2 + 0,59 khi dugc bd sung bot khoai lang nghé 250 g/kg thic in
[137]. Bang cach bo sung astaxanthin tong hop, Diaz-Jiménez va cong su ciing thu duoc
gia tri a" cao, dao dong tir 34 — 41 [51]. Nhitng két qua nay cho thay hiéu qua cai thién
mau cam - do trén da c& khoang cd nemo khdng chi phu thudc vao ngudn carotenoids sir
dung, ham luong va thoi gian bo sung, ma con c6 thé chiu tac dong boi mot sé yéu td
khac nhu ¢ ¢4 thi nghiém, loai thire an st dung, cac thdng sé méi truong ciing nhu diéu
kién cham séc va quan 1y khac [51, 88, 222]. Pdng thoi, kha nang cai thién mau sac &
loai ¢4 nay ciing dat dugc tét hon khi sir dung ngudn carotenoids tir vo tdm hoidc dong
vat phi du (voi thanh phan chi yéu la astaxanthin) so vai cac nguon carotenoids khac
(voi thanh phan chi yéu 1a B-carotene). Su vuot troi cua astaxanthin so véi cac loai
carotenoids khac trong viéc cai thién mau sic & ca canh da duoc ching minh qua mét sé
nghién ctru trude day khi so sanh hiéu qua cua sac td ndy véi B-caroten va canthaxanthin
[222], hay astaxanthin vai lutein [51] va astaxanthin véi zeaxanthin [190].

Trén mot s loai ca khéac, astaxanthin ciing dwgc chitng minh 1a ¢6 kha ning
chuyén hoa va tich lity hiéu qua hon so v&i cac carotenoids khac, tir 46 giup ting cudng
Mau sic cling nhu ham luong carotenoids tich lily trong cac mé nhu da, co, tring va
toan than [60, 196]. Vi tiém ning tan dung phu pham tir nganh céng nghiép ché bién
tom trén thé gioi va Viét Nam, lan luot woc tinh khoang 16,86 va 1,02 triéu tan nam
2022, trong d6 50 — 60% tro thanh phu pham ché bién giau astaxanthin [67, 140, 204],

nghién ctu hién tai da lua chon ngudn carotenoids tir vo tém dé bd sung vao thic an
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nham nang cao hiéu qua nudi ca khoang c6 nemo. Viéc tan dung nguén phu pham nay
khéng chi ¢ y nghia vai nghé nudi ca canh ma con gép phan nang cao hiéu qua kinh té
cua nganh tdm va giam thiéu 6 nhiém méi truong gay ra bai chinh hoat dong cua nganh

cdng nghiép nay.

Astaxanthin nai riéng va carotenoids n6i chung 1a nhiing thanh phan dinh dudng
cO gié tri cao trong thirc an cho dong vat thay san. Tuy nhién, do chi phi ciaa ching
twong d6i dat do, viéc xac dinh ham luong bd sung téi wu trong khau phan an cia ca la
rat quan trong nham dam bao hiéu qua vé mat kinh té, ky thuat va méi truong [17]. Céc
nghién ctu trude day cho thdy ham luong carotenoids bo sung vao thirc an cho ca
khoang c6 nemo dao dong trong mot khoang rong, tir 20 dén 20.000 mg/kg thirc n [51,
57, 60, 182]. Tuy nhién, két qua tir nghién ctu hién tai chi ra rang viéc ting ham luong
carotenoids tir 900 1én 1.500 mg/kg khi str dung 6t chudng, hoac tir 600 1én 1.000 mg/kg
khi str dung vo tdm, khdng mang lai su cai thién dang ké vé mau sic da va ham lugng
carotenoids tich lity & c& khoang ¢4 nemo. Pang chi1 ¥, cac chi s6 mau sic quan trong
nhu a”, b", va h'a c6 xu huéng giam nhe, trong khi ham lugng carotenoids tich iy chi
tang 1én khong dang ké. Két qua tuong tu ciing da dugc bao céo trong nghién cau cia
Diaz-Jiménez va cong su, trong d6 gia tri cta chi sé a” va ham luong carotenoids tich
liiy giam dan khi taing muc bd sung astaxanthin tir 5 1én 15 g/kg thic an. Cuy thé, chi sb
a" giam tir 41 xubng 34, va ham luong carotenoids tich liy giam tir 15 xubng 9 pg/g mod
[51]. Hién tuong nay co thé duoc giai thich boi sy du thira astaxanthin trong khau phan
an gy ra nhimg tac dong tiéu cuc dén qua trinh trao d6i chat, dan dén giam ham luong
sac td tich Ity trén da va kich thich sy ddo thai lugng astaxanthin khong duoc hap thu
ra moi truong [51, 146, 228].

M&i quan hé giita ché do b sung carotenoids (ham lwong va thoi gian) véi hiéu
qua tang cuong mau sic da/co va su tich lily carotenoids ciing da duoc ghi nhan & mot
sb loai ca. Trén ca dia, bo sung astaxanthin & mac 200 mg/kg thirc an cai thién dang ké
d6 d6 va ham luong astaxanthin tich liiy trén da ca. Tuy nhién, muc b6 sung 300 — 400
mg/kg khdng cai thién thém mau sic va su tich lily astaxanthin trong co thé ca. Khi ting
tir 50 — 400 mg/kg thire an, ty 16 tich lily astaxanthin giam tir 42,5% xuéng 24,8%, cho
thiy muc bd sung cao hon khdng mang lai hiéu qua tich cuc. Su giam ty I8 tich liy

astaxanthin khi ting ham luong bé sung vao ché dé an ciing dugc bao cao trén ca hoi van
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[228] va c4 hoi Pai Tay Duong [193]. Him luong astaxanthin cao hon trong ché d6 in
(78 s0 v&i 39 mg/kg thire an) cling lam giam kha ning luu giir sac t ndy trong co thit ca
trap dau vang do chung da dat dén muc bo hoa [52]. Sy giam ty ¢ giit lai astaxanthin
c6 thé duoc giai thich bai su suy giam kha ning hép thu astaxanthin trong trudng hop
ché d6 an du thira sac t6 nay. Hé s6 tidu hoa biéu kién (ADC) cua astaxanthin trong ca
hdi van giam tir 79,1 - 61,1% khi tang luong bd sung astaxanthin tir 12,5 - 200 mg/kg
thirc an [46]. O ca dia, Song va cong su nhan thiy phan cia ¢4 c6 mau d6 trong sudt thoi
gian nghién ctu & ché do bd sung 300 - 400 mg/kg thie an, diéu nay cho thay kha ning
hip thu astaxanthin c6 gigi han & loai c& nay [183]. Ngoai ra, hip thu qué nhiéu
astaxanthin cd thé kich thich qua trinh chuyén héa dan dén thoai bién [146]. Thong
thudng, su tich lily astaxanthin/carotenoids ¢ ca co su khac nhau theo cac md. Cu thé, ¢
c& hoi van, thi tu tich Iy theo cac co quan 13 co, 14 lach, than va gan [146], trong khi &
ca dia 1a da, co va gan [183]. O c& khoang c6 nemo, trong nghién ctiru nay, su tich liy
carotenoids trén da ca cao vuot troi So Véi co va toan than, cho thy ddy 1a bo phan cd su
tich lily carotenoids 16n nhat & loai c4 nay. Tuy nhién, cac co ché chi tiét vé tiéu hoa, hap
thu va tich lily carotenoids & cac co quan khac nhau & ca khoang cd nemo van can duoc

lam séng to trong cac nghién cau tiép theo.

Quan hé giira thoi gian va ham luong astaxanthin/carotenoids bé sung vao thirc
an cho c4 ciing 1a mét chi tiéu duoc quan tim vi nd lién quan dén hiéu qua kinh té, ky
thuat va moi trudng. Cho dén nay, cac nghién ciu vé van dé nay trén c4, tom déu khé
han ché. Cac nghién ctru thuong danh gia tac dong riéng ré caa ham luong bo sung sic
t voi khoang thoi gian ¢b dinh, tir vai tuan dén ca chu ky nudi, phd bién nhat tir 8 — 12
tuan (xem Bang 1.3). Trong nghién ctu hién tai, véi ham lugng astxanthin tir vo tom cb
dinh 600 mg/kg thtrc an, thoi gian bo sung 45 — 75 ngay khéng ghi nhan su khac biét
dang ké vé hiéu qua tang cudng mau sic da va ham luong carotenoids tich lity trong co
thé c& khoang c6 nemo, cho thay thai gian bé sung 45 ngay 1a du cho muc tiéu nang cao
mau sic ¢ lodi c& nay. Két qua nay ph hop voi mot sé nghién ciru trude ddy. Trén ca
dia, Song va cong su nhan thdy muc tiéu ting cudng mau sic ¢ loai ca nay co thé dat
dugc ¢ ché d6 bo sung astaxanthin 200 mg/kg thirc an trong 28 ngay hoic 50 — 100
mg/kg trong 56 ngay [183]. Tuy nhién, viéc bd sung ¢ ham luong cao va thoi gian dai
(300 - 400 mg/kg va 56 ngay) c6 thé gay tac dong tidu cuc dén hiéu qua Ién mau va su

tich lity sic t6 & ca. O mirc bd sung nay, dau va co ca dia bi nhiém sac td nghiém trong,
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khién chung c6 mau qué dam va duoc liét vao nhém ca kém chat luong trén thi truong
ca canh ¢ Trung Quéc [117]. Tuong tw, & ca trap dau vang, viéc ting ham luong
astaxanthin b sung tir 36 - 39 mg/kg 18n 60 — 78 mg/kg trong 42 — 63 ngay khéng giup
cai thién hon nita mau da va ham luong sac té tich liy trong co thé c4, diéu nay duoc
cho 14 ¢6 lién quan dén sy gigi han trong kha nang tich lity va str dung astaxanthin ¢ l0ai
ca nay [34, 52].

Tuy nhién, khdng phai tit ca cac nghién ctru déu cho két qua nhat quan. Vi du,
Yasir and Qin khong tim thay su khac biét vé mau siac & ca khoang ¢ nemo khi so sanh
cac murc b6 sung astaxanthin tir 20 - 100 mg/kg thire an. Didu nay cd thé 1a do pham vi
thir nghiém trong nghién ctru ciia ho chua du rong dé tao ra sy khéc biét dang ké [222].
Mic du nghién ctu hién tai da xac dinh dugc rang bd sung 600 mg carotenoids tir vo
tdm/kg thire in trong 45 ngay 1a pht hop cho muc tiéu ting cudng mau sic cua ca khoang
¢ nemo, nhung van can ¢ thém cac nghién ctru dé 1am sang to van dé nay. Cu thé, cac
nghién ctu tiép theo nén tap trung vao viéc xac dinh hé sb tiéu hoa biéu kién cua
carotenoids tir vo tdm & cac muc bo sung cao hon, tir 800 — 1.000 mg/kg thire an, nhim
hiéu 15 hon vé kha nang tiéu hoa, hip thu va tich liy carotenoids ¢ loai ca ndy. Bén canh
d6, cac yéu t6 khac nhu giai doan phét trién, diéu Kién nudi, va tuong tac véi cac thanh
phan dinh dudng khac (vitamin hay lipid) ciing can duoc xem xét dé c6 cai nhin toan
dién hon vé vai trd ciia carotenoids trong dinh dudng va su hinh thanh sic té cua céa

khoang c6 nemo.

Sy tac dong caa carotenoids bo sung 18n cac chi sé mau b”, C*» va h™a cia da ca
khoang c6 nemo cho thiy xu hudng twong dong véi chisb a”. O cac nghiém thirc bo sung
carotenoids & muc phl hop (xét vé ngudn, ham luogng va thoi gian bo sung), da cé thé
hién mau vang ¢am hon (gia tri b": 22,3 — 28,3), cc sic d6 - cam ryuc r& va co chiéu sau
hon (gia tri C"a: 27,5 — 35,6), dong thoi mau sac tong thé thién vé do - cam nhiéu hon
(gi& tri h"»: 47,8 — 57,3). Nguoc lai, & nghiém thirc déi chimg va cac nghiém thac b
sung carotenoids & mic thip hon khuyén nghi, da ca c6 xu hudng nhat va thiéu sac nét,
Vi tbng mau chu dao 1a vang/ho phach (gia tri b™, Ca va h”a tuong tng: 16,0 — 21,3,
18,0 — 24,8, 59,6 — 65,7). Sur khac biét mau sic giita cac nghiém thirc duoc cung cap ché
d6 bd sung carotenoids ¢ muc thich hop (AE"» = 8,70 — 18,4) vuot troi hon hin so véi
cac nghiém thirc 6 ché do bd sung & muc thap hon khuyén nghi (AE™» = 6,16 — 12,7),

la minh chirng rd rang cho hiéu qua tich cuc caa viéc bo sung carotenoids vao khau phan
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an & muarc phu hop trong viéc cai thién toan dién mau sic cua ca khoang c6 nemo.

Xu hudng trai nguoc duoc ghi nhan di voi chi sé ¢ séng mau da cua ca (L), khi
gié tri cia chi s6 ndy giam tuong ng Véi sy gia ting muc bd sung carotenoids, bao gom
ca nguodn, ham lugng va thai gian bo sung. Cu thé, mac suy giam chi sé L™ ¢ cac nghiém
thirc bd sung carotenoids & mac phi hop so voi ddi chimg dao dong tir 3,63 — 8,82%, va
& cac nghiém thire bd sung & mic cao nhat (1.500 mg/kg vai 6t chudng, 1.000 mg/kg véi
vo tdm, va trong 75 ngay) so véi d6i chung 145,54 — 15,03%. Két qua nay goi y rang qué
trinh lang dong astaxanthin/carotenoids, bén canh viéc gia ting cuong do sic do - cam
va vang, lai cd tac dung phu 1am giam d6 sang cua da ca. Nhin dinh nay dugc cang cd
baoi cac nghién ciru trude day trén ca vet do (Vieja melanurus @ x Amphilophus citrinellus
3), ca dia (Symphysodon spp.), ca trap do va ca hoi van [97, 98, 132, 181, 230].

Mic du da c6 nhiéu nghién ciu vé tng dung cac ngudn carotenoids dé nang cao
chat lugng mau sic cua ca, hiéu biét vé co ché chuyén hoa, hap thu va tich liiy loai sac
t6 ndy & ca van con han ché [123]. Pang chu ¥, khong ¢6 con duong chung cho qua trinh
chuyén hoa va hap thu carotenoids trong tat ca cac mé cua cé [17, 43]. Astaxanthin chu
yéu duoc tich lity & ca ca bién va ca nuéc ngot, trong khi tunaxanthin duoc chuyén hda
tur astaxanthin théng qua zeaxanthin & cac loai ca thudc bo ca vugc va tao ra mau vang
séng [153]. C4 chép va c& vang thudc ho Cyprinidae ¢ thé hip thu zeaxanthin (mau
vang) tir thire an, tich lity va chuyén hoa thanh astaxanthin (mau d6) théng qua cac chat
trung gian nhu adonixanthin va idoxanthin. Trong khi d6, ca hdi lai chuyén doi
astaxanthin thanh zeaxanthin [123]. Vé kha nang hap thuy, c& hoi Pai Tdy Duong c6 thé
hap thu canthaxanthin va astaxanthin hiéu qua hon t&i 20 lan so vai lutein va zeaxanthin,
trong khi ca da tron hap thy lutein va zeaxanthin hiéu qua hon astaxanthin [172]. Mot
sb loai ca bién (cé trap bién do, ca tuyét, ca ngtr, ca dudi vang, ca hoi Pai Tay Duong,
c& hdi van) khong c6 kha niang hoic rat han ché trong viéc chuyén hda cac ngudn
carotenoids, nhu B-caroten va zeaxanthin, thanh astaxanthin [123]. Bé khac phuc van dé
trén, astaxanthin duoc bd sung tir nguon tu nhién (cac loai giap xac) hoic tong hop dé

ting cudng mau sac & nhom ca nay.

Mic di ¢ nhiéu nghién ciru vé bd sung carotenoids vao thirc n cho ca khoang
¢ noi chung va khoang c6 nemo néi riéng [109], van ton tai nhiéu vin dé can 1am r

lién quan dén co ché tac dong cua carotenoids bd sung 1én loai ca nay. Cu thé, can hiéu
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1d hon vé qué trinh chuyén hoa, hip thu va con duong chuyén hoa tir astaxanthin bo
sung thanh céc hop chat trung gian nhu zeaxanthin va canthaxanthin tich lity trong co
thé c4 khoang ¢4 nemo. B&n canh d6, mau sic biéu hién (vang cam — do cam) va ham
lwong tong carotenoids tich lity trong da ca ciing dugc cho 1a chiu anh huong boi ngudn
goc cua ca (tu nhién hay nhan tao/san xuat), ché o bo sung carotenoids vao khau phan
an (ngudn, ham lugng, thoi gian bd sung) va mot sé yéu td khac [109, 190, 222]. Mic
d két qua nghién ciu cua chung t6i dong gop vao hiéu biét vé cac nguon carotenoids
bd sung & ca khoang co nemo, mot han ché dang luu y 1a nghién ctiu hién tai cling chi
tap trung vao phan tich ham lrong carotenoids tong sé tich lity trong co thé ca (trén da,
co va than c4), tuong tu nhu cic nghién ctru trude day. Do do, ching t6i chwa thé 1am
séng to su chuyén hoa, hap thu va tich liy cua timg thanh phan carotenoids riéng 1é trong
co thé c4, cling nhu chua x4c dinh duoc thanh phan nao déng vai trd quan trong hon déi
VGi ¢4 khoang c6 nemo. Piéu ndy nhan manh su can thiét caa nhiing nghién ciu sau hon
trong tuong lai dé giai quyét nhiing van dé con ton tai. Cac nghién cau tiép theo nén tap
trung vao viéc xac dinh su tich liy cua tirng thanh phan carotenoids riéng 1é trong co
thé ca bang cac phuong phap phén tich tién tién, chang han nhu sic ky long hiéu ning
cao (HPLC) hoic sic ky khi ghép ndi khdi phd (GC-MS) [123]. Bén canh do, cac co
ché chuyén héa va hap thu can duoc 1am sang to, dic biét 1a thong qua tng dung cac
thanh tyu vé sinh hoc phan tir [109]. Viéc hiéu rd hon vé co ché chuyén héa va hap thu
carotenoids khdng chi mang lai y nghia quan trong trong téi vu hoa hiéu qua sir dung
carotenoids trong san xuat ca khoang c6, ma con mé ra tiém nang tng dung da dang va
hiéu qua cao ciia cAc nhom sac té tu nhién nay trong linh virc nudi trong thay san. Két
qua tir nhitng nghién ctiru nhu vay s& gop phan hoan thién hon nira kién thac vé co ché
tac dong cua carotenoids, tir d6 nang cao chat luong va gia tri cua ca khoang c6 nemo
noi riéng va cac loai ca canh noi chung.

3.2.6.2. CAc chi tiéu ting truong, ty 1é séng va hiéu qud si dung thire an

Cé khoang ¢ (Amphiprion spp.) thuéc nhom c6 kich thudc nhé va sinh truong
cham [14]. Bé dat duogc kich ¢ thuong mai (4,0 — 6,0 cm), ching can 5 — 6 thang tiy
diéu kién nuodi, trong khi d6, thoi gian nay ddi vai cac loai ca bién nudi lam thyc pham
chi tir 1 — 2 thang [40, 121]. Do d6, viéc tdi wu hoa cac yéu té anh huong dén ting truong
s& gop phan rat ngan thoi gian nudi va nang cao hiéu qua kinh té cia qué trinh san xuat
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nhom cé nay. Két qua nghién ciu cho thay ché do bo sung carotenoids vao khau phan
an cua ca khoang c¢6 nemo, bao gém ngudn, ham lwong va thoi gian, déu co tac dong
tich cuc dén cac chi tiéu tang truong va hiéu qua sir dung thirc an cta lodi ca nay. Cu
thé, cac ngudn carotenoids tir thuc vat (6t chudng, gac) va dong vat (v6 tom, copepoda),
v6i ham luong bo sung (tir 900 mg/kg véi 6t chudng va tir 600 mg/kg Vi vo tom), cling
nhu thoi gian bd sung thich hop (tir 45 ngay) da thuc diy dang ké cac thong sd ting
trudng va hiéu qua st dung thie 3n cua ca khoang c6 nemo, véi mie tang lan luot dao
dong tir 15,2 - 42,7% va 11,8 — 28,9% so vai dbi ching. Két qua nay cho thay tinh wu
viét cuia cac ngudn carotenoids tu nhién, dic biét 1a tir gic, ot chubng, vo tdm va
copepoda, trong viéc cai thién tang trudng va hiéu qua st dung thire an cta ca khoang

¢ nemo khi dugc bo sung véi ham luong va thai gian phi hop.

Phat hién nay ciing pht hop vai nhiéu cong trinh truéce day, trong d6 carotenoids
néi chung, dic biét 14 astaxanthin, duoc xem 1a nhitng chat c6 hoat tinh sinh hoc cao,
tac dong tich cuc dén nhiéu qua trinh sinh Iy va sinh hoa quan trong & dong vat thiy
sinh [60, 114, 172]. Cac qua trinh nay bao gém viéc tang cuong mién dich, cai thién kha
nang sinh san, va ting cuong kha ning chong oxy héa caa co thé dong vat [114, 115].
Do d6, viéc sir dung cac chat ndy, khéng chi nham muc dich cai thién mau sic, ma con
gop phan nang cao chat luong téng thé cua ca, tir d6 ngay cang thu hat dugc sy quan

tam caa cac nha khoa hoc va ngudi nudi trong thuy san [60, 109, 114, 115, 172].

Vai tro thiic ddy ting truong va hiéu qua sir dung thire an caa carotenoids bo sung
& ¢4 noi chung va ca khoang c6 nemo noi riéng ¢ thé duoc giai thich bai tac dong tong
hop caa nhiéu yéu tb. Thiz nhdt, carotenoids da dugc chimg minh 13 giup ting cuong
hiéu qua str dung chat dinh dudng théng qua viéc diéu hoa qua trinh trao ddi chat trung
gian bang cach kiém soat hoat dong cua cac enzyme tidu hoa, tir d6 dan dén viéc cai
thién tdc do tang truong cua cé [16, 85, 130, 231]. Thi hai, cac tc dung gian tiép cua
carotenoids khi duoc bo sung vao ché do cho an nhu hoat dong chong oxy hoa, giam
cang thang, diéu hoa biéu hién gen cia cac qua trinh sinh Iy (chuyén héa dinh dudng,
diéu hoa ting truéng, mién dich), va diéu hoa noi tiét (hormone ting truong, IGFs) di
g6p phan quan trong gilp ti vu hoa viéc sir dung niang luong cho ting trudng cling nhu
duy tri stc khoe téng thé caa cé [47, 64, 114, 115, 168]. Thi ba, carotenoids duoc cho
14 c6 tAc dung thiic day hoat dong ctia hé vi sinh vat dudng rudt, dac biét 1a cac nhom vi
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khuan c6 loi, hd trg qué trinh pha v cac thanh phan dinh dudng kho tiéu nhu chat béo,
tir d6 gitp chiét xuat duoc nhiéu chat dinh dudng hon va tan dung hiéu qua ngudn ning
luong nay cho qua trinh ting truong cia ca [95]. Cusi cling, viéc bo sung cac ngudn sac
t6 ndy vao khau phan an ciing da tac dong tich cuc dén chiéu dai, do day cua nhung mao
rudt va do day caa thanh rudt — nhiing yéu té quan trong gép phan nang cao kha ning

hap thu va str dung cac chat dinh dudng tir thire an cua ca [11, 64, 130, 230].

Tac dong tich cuc caa viéc bd sung carotenoids vao thire an ddi vai ca khoang co
nemo trong nghién ciu hién tai ciing tuong tu V6i két qua caa nhiéu nghién ctru trudc
day trén cac loai ca bién khéc. Cu thé, sy cai thién tang trudng va hiéu qua st dung thic
an da dugc bao c4o o ca Iu du vang 16n (Pseudosciaena crocea) [112], ca chim vay ngan
(Trachinotus ovatus) [64, 216], c4 trap d6 (Pagrus pagrus) [97, 98], ca chém chau Au
(Dicentrarchus labrax) [77, 168], ca virgc miéng rong (Micropterus salmoides) [217], ca
héi van (Oncorhynchus mykiss) [230], ca dia (Symphysodon aequifasciatus) [84], va ca
mu chiam do (Epinephelus akaara) [182]. Tuy nhién, khdng phai tat ca cac nghién cau
déu cho thay su cai thién vé tang truong khi bo sung carotenoids. Mot s6 nghién ciu
khong ghi nhan dugc sy khéc biét rd rét gitra nhom b sung va nhém déi ching, nhu da
dugc bao cao trén ca bon vi (Paralichthys olivaceus) [154], ca trap d6 (Pagrus pagrus)
[191], c4 trap dau vang (Sparus aurata) [211], c& ma cham bé (Plectropomus leopardus)
[231] hay c& khoang c6 cam (Amphiprion percula) [195]. Su khac biét trong két qua cua
cac nghién ctiu nay co thé 1a do su khac nhau vé nhiéu yéu té nhu d6i twong nudi, giai
doan phat trién, loai thire an str dung, nguén carotenoids, ham luong va thoi gian bo sung
cling nhu cac diéu Kién wong nudi khac [60, 97, 98, 109, 115]. Nhing yéu té nay cd thé
anh huong dén kha ning tiéu hoa, hip thu va tich liiy carotenoids ciing nhu sy thé hién
vai trd cua sic td nay ddi voi qua trinh ting trudng va stc khoe caa ca noi chung.

Pang chu Y, ngay ca trén cing ddi twong ca khoang co nemo, hiéu qua cua viéc
bé sung carotenoids vao thirc in di Vi ting truong cia ca ciing ¢o nhitng khac biét nhat
dinh. Trong khi nghién ciru hién tai va nghién ctu cia Ebeneezar va cong su cho thay
cac tac dong tich cuc d6i véi tang truong cua ca [57], nghién ciu cia Diaz-Jiménez va
cong su lai khdng ghi nhan dugc tac dong dang ké nao vai hai ngudn carotenoids sir dung
(astaxanthin hay lutein, 5.000 — 15.000 mg/kg thirc an) [51]. Xu hudng tuong tu cling
duogc bao co trén lodi ca nay khi sir dung astaxanthin tong hop (Carophyll Pink, 90 - 270
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mg/kg) hay cac ngudn carotenoids bo sung khac nhau [137, 162, 175]. Su khong thdng
nhét trong cac két qua nghién ctu ndy bo sung thém cho luan diém rang tac dung cua
ngudn carotenoids bo sung Ién cc chi tiéu ting truong va hiéu qua st dung thirc an cua
c& van con nhiéu mau thuin va chua co su nhat quan [60, 195]. Biéu nay khong chi cho
thay van con mét s6 yéu té chua dugc lam sang té co thé anh huong dén tac dong cua
carotenoids, ma con 1am néi bat nhu cau thyc hién nhiing nghién ctu sdu hon vé chu dé

nay trong tuong lai.

Mot phéat hién trong nghién ctru nay la viéc tang ham luong carotenoids (tir 900
I&n 1.500 mg/kg thirc an véi 6t chubng hay tir 600 1én 1.000 mg/kg thirc an vai vo tdm)
hay ting thoi gian bd sung (tir 45 1&n 75 ngay véi ngudn carotenoids tir vo tdm) khdng
mang lai su cai thién dang ké vé toc do tang truong va hiéu qua sir dung thirc n cua ca
khoang c6 nemo. Pang luu y hon, & mét sé trudng hop, viée ting ham luong hay thoi
gian bo sung carotenoids con lam giam gié tri cua cac chi sé ndy, véi muc giam dao
dong tir 0,96 — 7,14% dbi voi toc d6 tang truong va 1,22 — 7,34% dbi vai hiéu qua st
dung thirc an, khi so sanh giita cac muc bd sung thich hop véi cac mire bd sung cao nhat.
Cac két qua twong tu cling dugc bao cdo trong mot s6 nghién ciru trude ddy trén ca I
du vang 16n (Pseudosciaena crocea) [112], ca dia (Symphysodon spp.) [183], ca chim
vay vang (Trachinotus ovatus) [216] va ca vuge dom (Lateolabrax maculatus) [226].
Theo Song va Yu, ché 6 cho an du thira astaxanthin/carotenoids (mirc 300 — 400 so Véi
50 — 200 mg/kg thire an) c6 thé tac dong tiéu cuc dén chirc ning tiéu hoa cua rudt, tir do
lam giam kha ning hap thu chat dinh dudng va cudi ciing dan dén su suy giam toc do
ting trudng & ca [183, 226]. Tuy nhién, can tién hanh thém cac nghién ctiu dé 1am rd co
ché chi tiét cua qua trinh ndy. Bén canh dé, viéc xac dinh hé s tiéu hoa biéu kién (ADC,
Apparent Digestibility Coefficients) cua carotenoids ¢ ca khoang ¢6 nemo ciing co thé

cung cap thong tin hitu ich dé hiéu rd hon vé van dé nay.

Trai nguoc Véi cac chi tiéu tang truong va hiéu qua sir dung thie an, ty 18 séng
cua ca khoang c6 nemo khéng bi anh huong bai ché do bo sung carotenoids vao khau
phan an mic di c6 xu hudng cao hon & nhém bo sung thich hop so véi déi ching, tuong
ng tir 93,3 — 97,8% s0 vai tir 91,1 — 95,6%, nhu da duoc quan sat thay (p > 0,05). Trong
suét qua trinh nghién cau, ching tdi nhan thdy mot s ca thé chét 1a do bi dong loai tan
cdng, dan dén tén thuong & dau, vay, dudi, dong thoi bung khong chira thire an. Nguyén
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nhan c6 thé 1a do tir ¢& 3,5 cm, c& khoang c6 nemo bat dau c6 sy chuyén d6i gigi tinh,
thanh thuc 1an dau va su canh tranh gitra cac c& thé dé xac dinh cip ca thdng tri quan
dan dién ra gay gat [39, 75, 214]. Két qua tuong tu ciing da dugc béo céo trong cac
nghién ctru trude day trén loai ¢4 nay [51, 57, 137, 175]. Ty 1é séng cua ca trong cac
nghién ctru nay déu dao dong tir 90 — 100%, cho thiy ca khoang ¢ nemo 1a loai c6 kha
ning thich nghi cao véi didu kién nudi. Ben canh do, ty 1¢ séng va hé sé diéu kién khong
6 su khéc biét dang ké giira cac nghiém thirc (dao dong tir 1,73 — 1,95) trong nghién
ctru hién tai ciing nhu cac nghién ctru da duoc dé cap ¢ trén, cho thay viéc bd sung
carotenoids vao khau phan in khong phai 14 yéu té quyét dinh d6i véi su séng sot caa
loai ca nay. Mot s6 nghién ciru cling chi ra rang viéc bd sung voi ham lugng cao
astaxanthin/carotenoids [51] chua ghi nhan tic dong tiéu cuc nao ddi vai ca khoang cd
nemo noi riéng va mot sb loai ca khac [109]. Tuy nhién, cac nghién ctu sau hon, bao
gom cac xét nghiém dac tinh té bao va danh gia mé bénh hoc, 1a can thiét d¢é danh gia

toan dién tinh an toan va lgi ich cua viéc bd sung carotenoids ¢ ca khoang c6 nemo.

TOm lai, két qua nghién ctru da chi ra rang carotenoids ty nhién tir cac nguon thuc
vat va dong vat déu co tac dong tich cuc dén hiéu suat tang truong va hiéu qua st dung
thire dn ¢ ca khoang ¢ nemo, véi hiéu qua vuot troi so vai ddi chung khong bé sung va
astaxanthin téng hop. Nghién ctru cling xac dinh dugc mot sé chi tiéu thich hop bao gom
ngudn carotenoids (6t chudng/gac hoic vo tom/copepoda), ham lwong bd sung (900
mg/kg Vvéi 6t chudng, 600 mg/kg véi vo tdm) va thoi gian b sung (45 ngay véi vo tdm).
Nhiing phét hién nay khdng chi déng gop vao sy hiéu biét vé vai trd cua carotenoids tu
nhién trong dinh dudng cua ca khoang c6 nemo, dic biét 14 vai tro thuc day ting truong
va cai thién hiéu qua sir dung thirc an & ¢4, ma con cung cap nhiing thdng tin quan trong
cd gia tri tng dung cao, hta hen nang cao dang ké hiéu qua wong nudi loai ca canh bién
duoc ua chudng nay trong thuc tién san xuat, dic biét khi so sanh véi viéc str dung

astaxanthin tong hop hay ché d¢ an thiéu sac t6 nhu phd bién hién nay.
3.2.6.3. Thanh phan sinh héa co thé va hoat tinh enzyme tiéu hoa cua ca
Thanh phdn sinh héa co thé ca:
Trong nghién ctu nay, ching t6i danh gia anh huong cua viéc bo sung

carotenoids tir hai nguon 1a 6t chudng va vo tdm & cac muc khac nhau 18n thanh phan
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sinh héa cua ca khoang c6 nemo. Carotenoids bao gom nhiéu hop chat cd hoat tinh sinh
hoc cao, dong vai tro quan trong trong nudi tréng thuy san. Bo sung cac chat nay vao
thire an khong chi cai thién mau sic, ting cuong suc khoe va kha nang chdng chiu véi
diéu kién bat loi & dong vat thuy san [60, 114] ma con cd thé anh hudng dén thanh phan

dinh dudng trong co thé ching.

Két qua cho thay ham luong carotenoids bé sung (tir 6t chudng va voé tém) vao
thirc an da anh huong dang ké dén ham luong protein va lipid tho, nhung khéng tac dong
1én d6 4m va ham luong tro ciia co thé ca. Cuy thé, ham luong protein tang 1én, trong khi
lipid giam xuéng khi ting mc carotenoids bd sung. Két qua nay twong déng véi cac
nghién ctru trude ddy vé anh hudng cua astaxanthin trén ca hoi van khi sir dung
nanoliposome-coated astaxanthin va cac ngudn astaxanthin khac nhau [28, 230], ciing
nhu trén cé trap do [98]. Tuong tu, Viéc bo sung beta-carotene ciing di dwoc ching minh

la ¢6 anh huang tich cuc dén thanh phan sinh hoa ciia mét sé loai ca [168, 226].

Véi vai trd la nhitng chat chéng oxy hda manh, ca beta-carotene trong 6t chudng
va astaxanthin trong vo tom déu c6 kha ning bao vé lipid khoi qua trinh oxy hoa va tham
gia diéu hoa quéa trinh chuyén hoa lipid, bao gom B-oxy hda axit béo, khir va kéo dai
mach cacbon [25, 98]. Céc carotenoids nay cé thé &c ché san xuat acetyl CoA ¢ gan,
mét chat trung gian quan trong trong tong hop lipid va ATP [167], ¢éng thai kich thich
str dung axit béo dé tao nang lugng, duy tri can bang ndi mdi, dan dén giam tich liy
lipid ¢ ca [99]. Viéc tang cudng st dung lipid 1am co chat ning lugng gop phan tiét
kiém va tich liiy protein, tir d6 giai thich cho su ting trudng tot hon cta ca & cac nghiém

thac bo sung carotenoids so véi dbi ching, tir ca hai ngudn 6t chudng va vo tom.

Tuy nhién, xu huéng tac dong caa carotenoids 1én thanh phan sinh héa cua ca
khong phai lac nao ciing nhit quan giira cac nghién cau. Mot sé ¢ong bd ghi nhan xu
hudng tang ham luong lipid [47, 112, 118, 141] va giam protein [141], trong khi nhiing
nghién cttu khac lai khong thdy anh huong dang ké [122, 154, 159, 191, 216, 218]. Bdi
Vai c& khoang c6 nemo, nghién cau ciia Ebeneezar va cong su khong ghi nhan bat ky
tac d6ng Nao cua carotenoids d6i v&i thanh phan sinh hoa co thé ca [57], trai ngugc Véi
két qua tich cuc thu duogc trong nghién ctru nay khi sir dung carotenoids tir ca vo tom va
6t chudng. Su khdng théng nhit trén c6 thé 1a do anh huong caa nhiéu yéu té nhu loai

(trong nhiéu nghién ctru), giai doan phét trién (voi cac nghién ciu & c& khoang ¢6 nemo),
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ngudn va lidu lwong carotenoids, thoi gian bo sung, diéu Kién méi truong va ki thuat
nudi khac [60, 115].

Mic di nghién ctu nay da chi ra nhimg tac dong tich cuc caa viéc bd sung
carotenoids tir 6t chudng va vo tdm 1én thanh phan protein va lipid cua cé khoang ¢
nemo, can cd thém nhiing nghién ctiru sau hon dé lam séng t6 co ché phan tu chi phéi
quéa trinh chuyén héa dudi tac dong cua astaxanthin, beta-carotene va céc carotenoids
khac. Viéc tng dung cac cong cu phan tich tién tién nhu RNA-seq hay proteomics hta
hen s& cung cap céi nhin toan dién hon vé co ché tic ddng cua cac carotenoids nay, gop
phan xay dung nén tang khoa hoc viing chac cho tng dung ching trong nudi trong thay
san noi chung va ca canh ndi riéng. Bén canh dé, nghién ctru thém vé anh huong cua
c4c yéu té nhu loai, giai doan phat trién, ngudn va ham luong carotenoids, thoi gian cho
an, diéu kién méi truong va ky thuat nuoi 1én tac dong cua carotenoids déi vai thanh
phan sinh hoa cua c4 cling dong vai tro thiét yéu trong viéc lam sang to va téi wu hoa

hiéu qua st dung cac hop chat quy gia nay.
Hoat tinh cuia cac enzyme tiéu hda cua ca:

Hoat tinh cua enzyme tiéu héa & c& phan anh kha ning sir dung cac chat dinh
dudng tir thirc an va c6 sy khéac biét theo loai, giai doan phat trién, tap tinh dinh dudng,
dic diém caa ngudn thirc an, moi truong va diéu kién wong nudi [70, 92]. Phan tich
thanh phan va hoat tinh caa cac enzyme tiéu hda cung cap cin ct quan trong dé danh
gi4 kha nang tiéu hoa, hp thu dinh dudng, dac biét la cac chat bo sung trong khau phan
an cua ca [92, 111]. Trong nghién ctru ndy, viéc bd sung carotenoids tir 6t chudng va vo
tdm vao khau phan an da cai thién dang ké hoat tinh enzyme tiéu hda cua ca khoang co
nemo. Hoat tinh ciia ca amylase, protease va lipase déu tang 1én rd rét & cac nghiém thuc
bé sung véi ham luong carotenoids phil hop nhat, véi murc ting tir 32 - 127% so voi ddi
chtng. Su gia ting hoat tinh enzyme tiéu hoa nay giup thiic day hiéu qua tiéu hoa, hap
thu dinh dudng, qua d6 c6 thé dong gdp vao su ting trudng virot trdi ciia ca & cac nghiém

thirc b6 sung carotenoids so vai ddi ching.

Két qua nay phl hop vai nghién cau cua Fen va cong su trén ca khoang c6 do
(Amphiprion frenatus), trong d6 viéc bo sung 4 - 8% astaxanthin 1am ting hoat tinh cua

c4c enzyme tiéu hoa protease, lipase va amylase so véi bo sung 1% va dbi ching [69].
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Nhiéu nghién ctru khac ciing ghi nhan xu huéng tac dong tich cuc caa viéc bd sung
astaxanthin hay carotenoids tir ngudn tu nhién va tong hop 1én hoat tinh caa cac enzyme
tiéu hoa chinh nhu protease (bao gdm trypsin va chymotrypsin), lipase va amylase. Cac
nghién ctru nay duoc bao cao trén nhiéu loai ca nhu ca du vang 16n (Larimichthys
crocea) [218], ca koi (Cyprinus carpio) [19], c& mG cham bé [231], c& rd phi
(Oreochromis niloticus) [85], ca dia (Symphysodon aequifasciatus) [84] va c& hdi van
[130]. Carotenoids dugc cho 1a hoat dong nhu chat trung gian trong trao di chat, thic
day qua trinh tiéu hoa va ting truéng cua ca [16, 60]. Astaxanthin con dugc cho rang cd
kha nang thuc day sy phét trién duong rudt & ca hoi van khi bé sung ¢ ham lugng 25 —
50 mg/kg thirc an bang cach tao diéu kién thuan lgi cho qua trinh tiéu hoa va hap thu
chat dinh dudng, tir 46 gop phan nang cao hiéu suat tang truong [130]. Tuy nhién, mot
sb nghién cttu khong ghi nhan sy cai thién dang ké hoat tinh enzyme tiéu héa khi bo
sung carotenoids cho c& chim vay vang (Trachinotus ovatus) [230] hay c& khoang ¢
nemo [57]. Su khéc biét nay c6 thé do cac yéu té nhu ddi twong nudi, loai thie an, loai
carotenoids bo sung, ham luwong va thoi gian cho an, cho thay su can thiét cua viéc tiép
tuc nghién ctru dé 1am rd co ché tac dong cua carotenoids 1én hoat tinh enzyme tiéu hoa

& cac loai ca khac nhau.

Bén canh tac dung ting cudng tiéu hda, carotenoids b sung tir 6t chudng va vo
tom con duoc biét dén nhu cac chat chéng oxy héa manh [60]. Do d6, cac nghién ctu
tiép theo nén tap trung danh gia anh huong cia viéc bd sung nhitng ngudn carotenoids
nay I&n cac enzyme chuyén hoa, enzyme chéng oxy héa ciing nhu cac enzyme lién quan
dén phan tng mién dich va chong stress ¢ ca khoang c6 nemo. Biéu nay s& gilp lam
séng to co ché tac dong cua carotenoids 1én trao d6i chat va biéu hién ra bén ngoai cua
c& qua cac chi tiéu nhu ting trudng, hiéu qua sir dung thirc dn, thanh phan sinh hoa va

hoat tinh enzyme tiéu hoa da duogc ghi nhan trong nghién ciru nay.

3.3. Panh gia hi¢u qua két hop médi truedng va bd sung carotenoids cai thign mau
sic ca khoang c6 nemo
3.3.1. Mau sdc da ca

Két qua danh gia cac chi tiéu mau sic da ca (L™, a”, b", C’a, h"a», AE ) cho thay

su khac biét dang ké gitra nhom doi chang, nhoém @ng dung va nhdm tu nhién (Hinh
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3.22). Cu thé, do do (") va do b&o hoa (C"an) mau da cua nhom tng dung dat cao nhat
(24,4 £ 0,78 va 31,6 + 0,91), khac biét co ¥ nghia théng ké so vai nhom ty nhién (17,1
+0,52 vi 23,9 £ 0,43) va nhom ddi chimg (8,74 +0,32 va 15,0 = 0,48) (p < 0,05). Ngugc
lai, tdng mau (h™a) cia nhdm wng dung thap nhat (46,8 + 0,59), chting to mau sic da ca
thién vé sic d6 dam, trong khi nhoém tu nhién (54,6 + 0,90) c6 xu hudng vang cam va
nhom dbi chimg (68,4 + 0,96) ¢6 mau vang nhat (Hinh 3.24).
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Hinh 3.22: Céc chi s6 mau sic da ciia ci khoang c6 nemo & cac nhém doi chirng,
rng dung va tw nhién: (A) L*, a", b" va (B) C"ab, h"ab, AE 2
Cac gia tri duwoc trinh bay dwdéi dang Mean + SE (n = 3). CAc ¢t véi cac chir céi khac nhau thé hién sw khac
biét ¢6 y nghia thong ké (p < 0,05).

Do sang (L") cua da c& & nhom dbi ching cao nhat (46,7 + 0,64), tiép theo 1a
nhom ung dung (44,8 + 0,66) va thap nhat & nhém tu nhién (39,2 + 0,52) (p < 0,05). Su
khac biét tong thé mau sic (AE"a) cua nhom tng dung (16,4 + 0,79) vuot trdi so Vi
nhom ty nhién (11,5 + 0,31) (p < 0,05), cho thdy mau sac da c& nhém tng dung khac

biét rd rét va an tuong hon.
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Hinh 3.23: Mau sic da theo thang do mau Clownfish Exercise ciia ca khoang c6
nemo & cac nhém doi chirng, irng dung va ty nhién
CAc gia tri duwoc trinh bay duéi dang Mean + SE (n = 3). Cac cét véi céc chir cai khac nhau thé hién sur khac
biét ¢6 y nghia thong ké (p < 0,05).

Panh gia mau sic da bang thang diém Clownfish Exercise ciing cho két qua
twong d6ng. Nndm @ng dung dat diém s6 cao nhit (9,14 + 0,34), vuot troi so vai nhom
tu nhién (7,13 + 0,30) va nhoém ddi ching (4,71 + 0,36), véi muc cai thién lan luot la
28,2% va 94,1% (p < 0,05) (Hinh 3.23).

R@e 2: -5

Hinh 3.24: Hinh thai c4 khoang c6 nemo ¢ cac nhém doi chirng (giira), irng dung
(trai) va tu nhién (phai)
Nhiing két qua trén cho thay viéc (g dung cac thdng sé tdi wu vao quy trinh san
Xuat di cai thién dang ké mau sic da ca khoang c6 nemo. Mau sac da ruc r& cia ca
khoang co nemo nudi theo quy trinh cai tién co y nghia quan trong trong viéc nang cao
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chat lugng va gia tri thuong pham, dap @ng nhu cau ngay cang cao cua thi trudng ca
canh. Cu thé, da c& & nhdm ung dung c6 mau d6 dam, sac nét va ryuc r& hon han so vai
mau vang nhot nhat & nhom ddi chung va vang cam & nhém tu nhién (Hinh 3.24). Két
qua nay la tién dé quan trong dé tng dung quy trinh san xuat hiéu qua nay vao thyc tién
nudi ca canh bién, dac biét 1a ca khoang ¢6 nemo, nham nang cao chat lugng va gia tri

thuong pham cua san pham,
3.3.2. Ham lwrong carotenoids téng sé tich liiy trong co thé ca

Ham luong carotenoids tong sé tich liy trong da, co va toan than ca khoang co
nemo khéc biét dang ké giita cac nhom dbi ching, ung dung va ty nhién (Hinh 3.25).
Nhom cé ty nhién dat ham luong carotenoids cao nhat ¢ ca ba chi tiéu, tiép theo 1a nhém
rng dung va thap nhit 13 nhom ddi ching (p < 0,05). Cu thé, ham luong carotenoids
trong da ca & nhom ty nhién (153,6 + 3,84 pg/g) cao hon dang ké so véi nhém ung dung
(138,1 + 6,34 pg/g) va nhom ddi chung (40,9 + 2,06 pg/g). Muc chénh léch gitra nhom
tu nhién va nhdm ang dung, dbi ching lan luot 1a 11,2% va 275,7%.

Xu hudng twong ty cling duoc quan sat thiy & ham lugng carotenoids trong co
va toan than ca. Nhom tu nhién dan dau, ké dén 1a nhém ang dung va cudi ciing 13 nhém

dbi chung, v6i su khac biét c6 ¥ nghia théng ké (p < 0,05) (Hinh 3.25).
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Hinh 3.25: Ham lwong carotenoids tong so tich liiy trong co thé ca khoang c6
nemo (ug/g) & nhém ddi chirng, ng dung va tw nhién
Cac gia tri duwoc trinh bay dwdéi dang Mean + SE (n = 3). CAc ¢t véi cac chir céi khac nhau thé hién sw khac
biét co y nghia thong ké (p < 0,05).
Két qua nay cho thdy méi truong séng tu nhién cung cap ngudn thirc dn giau
carotenoids hon so voi diéu kién nudi nhan tao, dan dén ham luong carotenoids tich liiy
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trong co thé c4 ty nhién cao hon. Tuy nhién, viéc tng dung quy trinh san xuat ti wu da
cai thién dang ké ham luong carotenoids trong co thé ca so v6i nhom dbi ching, thé
hién qua muec tang 237,7% o da, 185,5% ¢ co va 213,3% ¢ toan than ca. biéu nay cho
thdy tiém ning tng dung trong thuc tién san xuat nham nang cao chat luong cua ca
khoang c6 nemo, dap tng nhu cau ngay cang cao cua thi trudng.

3.3.3. CAc chi tiéu ting truéng, ty 1¢ song va higu qud si dung thirc dn
CAc chi tiéu tang trueeng, ty 1é song:

Két qua cho thay ca dugc nudi ¢ nghiém thic Gng dung dat toc do ting trudng
dic trung vé chiéu dai va khéi luong cao hon dang ké so véi ddi chiing, véi mie ting
twong ung la 22,9% va 25,7% (p < 0,05). Két qua nay ching minh tinh hiéu qua, kha
nang (ng dung cao va tinh kha thi caa cac théng s thich hop da duoc xac dinh trong
nghién cuu, tao tién dé vitng chac cho viéc ang dung rong rai cac két qua nghién cau
trong thuc tién san xuat.

Bang 3.19: Ting truéng va ty 1¢ song ciia ca khoang ¢6 nemo ¢ nhém wng dung
va dbi chirng

Chi tiéu Poiching  Ung dung F; Sig.  Muc ting (%)

L1 (cm) 3174012 3,17 +0,12 -

W (g) 0,59+0,07 059+ 0,07 i

L2 (cm) 3,71+0,012 3,85+0,02°®° 3,37;0,00 3,77
W2 (9) 0,95+0,012 1,07+0,01° 4,41;0,00 12,6
SGRL (%/ngay) 0,35+0,01* 0,43+0,01° 2,75;0,00 22,9
SGRw (%/ngdy)  1,05+0,04° 1,32+0,02° 6,03; 0,00 25,7
CVL (%) 115+0,41 10,4 +1,04 0,16; 0,79 -
CVw (%) 28,8+1,19 26,4+ 1,64 1,36; 0,27 -
CF (g/cm?) 185+003 188+00l 9,64;0,22 i
SR (%) 97,1+1,35 99,0 £ 0,96 5,33; 0,27 -

Cac so lieu mang chiz cai khac nhau trong cling hang thé hién su khéc biét thong ké, p < 0,05.

Tuy nhién, khdng c6 su khéc biét co ¥ nghia théng ké gitta hai nhém thi nghiém

vé hé s6 phan dan chiéu dai (10,4 - 11,5%), hé s6 phan dan khéi luong (26,4 - 28,8%),
hé sb diéu kién (1,88 - 1,85 g/lcm?®) va ty 1é séng (99,0 - 97,1%) (p > 0,05). Két qua nay
cho thdy viéc tng dung céc théng s ti wu khong anh huéng tiéu cuc dén su dong déu
vé kich thuéc, hinh thai va kha ning séng sot caa ca, ddng thoi khang dinh tinh an toan,
bén virng va tinh ung dung cao cta cac giai phap da dugc nghién ciru va dé xuat.
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Hiéu qua su dung thue an:

C4 duoc nudi o diéu kién tbi wu co lugng thic an st dung hang ngay (0,79 + 0,02
g/con) cao hon dang ké so v6i nhom dbi ching (0,68 + 0,03 g/con) (p < 0,05), v6i mirc
tang 16,2% (Bang 3.20). Két qua nay chirmg minh diéu kién nudi téi vu kich thich ca in

nhiéu hon, tir &6 dap tng tét hon nhu cau dinh dudng cho sinh trudng va phat trién.

Bén canh do, hé s6 chuyén héa thic an (FCR) va hiéu qua st dung protein thirc
an (PER) ciing duoc cai thién dang ké & nhdm ung dung. Gié tri FCR va PER & nhém
g dung lan luot 12 1,64 + 0,01 va 1,11 + 0,01, thap hon so v&i nhom ddi ching (1,92
+ 0,03 va 0,95 +0,02) (p < 0,05), vai mirc cai thién twong trng la 14,6% va 16,8% (Bang
3.20). Két qua nay cho thay viéc tng dung cac thong sb tbi wu gitp ca tan dung thirc dn
hiéu qua hon, nang cao hiéu suat chuyén hoa thanh ning lwgng va cac chat dinh dudng
can thiét cho tiang truong.

Bang 3.20: Hiéu qua sir dung thirc dn ciia ca khoang ¢6 nemo é nhém trng dung
va dbi chirng

Chi tiéu Poéiching  Ung dung F; Sig.  Mirc ting (%)
F1 (g/con) 0,68 +0,03* 0,79+0,02° 0,98; 0,00 16,2
FCR 1,92+0,03° 1,64+0,01*2 5,78;0,00 -14,6%
PER 0,95+0,02¢ 1,11+0,01> 2,84;0,00 16,8

Cac so lieu mang chiz cai khac nhau trong cuiing hang thé hién su khac biét thang ké, p < 0,05. #
Gia thj thap hon la tot hon.

T6m lai, nghién ciru da chi ra rang viéc tng dung cac thdng s tbi wu (bao gom
mau bé, d6 man va ché d6 bb sung carotenoids vao thirc an véi nguén vo tom, ham luong
600 mg/kg trong 45 ngay) vao thuc tién san xuat da cai thién déang ké tang truong va hiéu
qua st dung thirc an ctia c& khoang c6 nemo so véi ki thuat nudi hién nay. Nhiing két
qua khoa hoc nay 1a co s& quan trong va cd gia tri tng dung cao, mé ra trién vong tng
dung rong réi, hiéu qua va bén virng trong san xuat va nudi loai c& canh c6 gia tri nay.
3.3.4. Thdo lu@n vé két qud rng dung

Két qua thu duogc chi ra rang viéc tng dung cac thdng sé thich hop nhit, bao gébm
mau bé (xanh), &6 man (33%.), bd sung carotenoids tir vo tdm (600 mg/kg thirc an) trong
thoi gian 45 ngay, da cai thién dang ké cac chi tiéu ting truong, hiéu qua sir dung thire

an, mau sic da va ham luong carotenoids tich liy trén da c4 khoang c6 nemo so véi dbi
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chtng. Ty theo ting thdng s, mirc do cai thién dao dong tir 3,77 — 254,3%, cho thay
tinh hiéu qua caa viéc ung dung két qua nghién cau vao thuc tién san xuét giéng ca
khoang c6 nemo. Ngoai cai thién ting truéng, giam chi phi thic an, viéc cai thién mau
sac cua da ca con gitip dap tmg dugc yéu cau thi truong va gop phan giam ap luc khai
thac 18n ngudn loi ¢ ran tu nhién. Pay 13 déng gop quan trong cua nghién cau trong béi
canh nganh cdng nghiép c& canh dang phat trién manh mé va nhu cau thj truong ngay
cang cao va khit khe nhu hién nay, dic biét véi cac thi truong xuat khau 16n nhu My,

chau Au va Nhat Ban.

Nhiéu nghién ctu truéc ddy da nhan manh vai trd cia cac théng s6 mau sac hé
théng nuéi, ché do bo sung carotenoids (ngudn, ham luong, thoi gian bd sung) 1én cac d6i
tuong nudi thuy san [57, 88, 97, 109, 139, 175, 222, 231]. Tuy nhién, nghién ciu nay la
mét trong sé it cc nghién ctu tich hop va tng dung nhiéu thdng s nham cai thién dang
ké c4c chi s tang truong, hidu qua str dung thirc an va mau sac caa dbi twong nudi mot
cach dong thoi. Théng qua cac chi s thu duoc, muyc tiéu cai thién ting truong va mau sac
cua ca khoang ¢4 nemo da dat duoc. Két qua ndy cung cap thém bang chiing khoa hoc
ung ho quan diém tich hop cac yéu to moi truong va dinh dudng mot cach téi vu nham

nang cao hiéu qua nudi trong thay san ndi chung va nudi ca canh bién ndi riéng [109].

Céc két qua nghién ctru da khang dinh tAm quan trong cua viéc diéu chinh diéu
kién nudi phi hop d6i véi viéc duy tri va ting cuong mau sic cua ca khoang cd nemo
noi riéng va ca canh bién ndi chung. Carotenoids 1a nhdm chat c6 hoat tinh sinh hoc cao,
tac dong tich cuc 1én cac qua trinh sinh 1y, sinh hoa, trao d6i cht trong co thé ca, tir d6
hd trg ting truong va hiéu qua sir dung thirc an nhu da duoc chirng minh trong nhiéu
nghién ctiru [115, 172]. Nhitng phét hién nay gop phan 1am sang té co ché sinh hoc dang
sau su cai thién tang truong va mau siac & ca khi dugc bd sung carotenoids vai liéu luong

va thoi gian thich hop.

Bén canh d6, v6i vai trd 1a mét trong nhitng nhom sic té da dang nhat trong tu
nhién, hién dién & nhiéu loai dong vat thuy sinh trong d6 c6 c4, viéc bo sung carotenoids
v6i ham lwong va thoi gian phu hop, da ting cuong su tiéu hda, hap thu va tich liy
carotenoids trong co thé chiing [60]. Chinh sy tich lity nay giup nang cao mau sac da va
ham luong carotenoids tich liy trong co thé ca & nhdm &ng dung mot cach vuot troi so

v&i nhom d6i chung [109, 123]. Nhitng két qua ndy mét 1an nita nhan manh tinh pho
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hop cua viéc sir dung ngudn carotenoids ty nhién c6 ngudn gdc tir phu pham thay san
nhu vo tdm trong nudi trong thuy san, thay thé cho cac sac t tong hop trong khi van

dam bao hiéu qua sinh hoc va an toan cho déi tuong nuoi.

TAm lai, nghién ctru da chirng minh tinh hiéu qua va kha thi caa viéc tng dung
téng hop cac théng s6 moi trudng va dinh dudng phi hop trong nudi ca khoang ¢ nemo.
Két qua dat duoc khdng chi gop phan cai thién nang suét, chat lwong san pham ma con
mang lai hiéu qua kinh té, giam chi phi san xuét va tang suc canh tranh cho nganh cong
nghiép ca canh. Nhitng phat hién nay 1a nén tang khoa hoc quan trong dé dé xuat ap
dung quy trinh san xuét tdi wu, hiéu qua vao thuc tién, hudng téi sy phét trién bén viing

cua nghé nudi ca khoang ¢ nemo ndi riéng va cé canh bién noi chung trong tuong lai.

Dua trén nhitng phan tich va thao luan & trén, nghién ciru két luan rang viéc bd
sung cac ngudn carotenoids vao thire in, dac biét 1a vo tdm va 6t chudng, voi ham luong
tuong tng 12 600 mg/kg va 900 mg/kg thic an trong 45 ngay, dd cai thién dang ké cac
chi tiéu tang trudng va hiéu qua st dung thire an cua ca khoang ¢6 nemo. Pang chi ¥,
khi xét V& hiéu qua ting cudng mau sic (bao gom mau sic da va ham lwong carotenoids
tich lity), két qua thu duoc tir viéc bo sung vo tdm, ot chudng va astaxanthin tong hop
1a tuong duong nhau. Phat hién nay cho thay tiém ning va tinh hidu qua caa viéc sir
dung nguén carotenoids tu nhién tir thuc vat va dong vat nhu mét giai phap thay thé cho
astaxanthin tong hop. Mac du astaxanthin tong hop van 13 mot giai phap hiéu qua dé
tang cudnNg mau sac ca canh nho su san c6 va tién loi trong qua trinh st dung, nhung
carotenoids tu nhién duoc xem 1 giai phap bén viing hon cho nuéi tréng thuy san lau
dai, dac biét khi xem xét cac van dé lién quan dén tinh an toan, tac dung da chiéu ddi
Véi stc khoe cua ddi tegng nudi va su than thién véi méi trudng [60, 196]. Nghién ctu
nay ung ho viéc st dung carotenoids tu nhién nhiam cai thién chat luong va gia tri cua
ngudn ca canh san xuat nhan tao, ddng thai gép phan giam ap lec khai thac 1én ngudn

loi ca ran tu nhién va bao vé hé sinh thai ran san ho.

Mic du nghién ctu nay da dat dugc cac két qua dang khich 18, vin con mot s6
han ché can dugc xem xét. D& hoan thién va phat trién hon nira, cac nghién ciru trong
tuong lai can tap trung giai quyét mot sé van deé thiét yéu sau day. Thez nhdt, can lam rd
co ché chuyén hoa va hap thu ngudn carotenoids tir thirc an, dac biét Ia tir vo tdm va 6t

chudng, vao trong co thé ca khoang ¢4 nemo. Hiéu rd qué trinh nay s& gidp ti uu hoa
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hiéu qua str dung va dam bao an toan sinh hoc caa ngudn carotenoids bé sung. Ther hai,
VGi vai tro 1a cac hop chat c¢6 hoat tinh sinh hoc cao, carotenoids duoc biét dén veéi tac
dong tich cuc 18n nhiéu hoat dong sinh ly, sinh hoa trong co thé ca. Do do, viéc danh gia
toan dién anh huong cia bd sung carotenoids Ién cac chi tiéu quan trong nhu kha ning
chéng oxy hoa, strc dé khang, kha ning mién dich va chéng chiu voi cac tac dong bt
loi ciia moi trudng 1a rat can thiét. Thir ba, mau sic, mot trong nhiing yéu té quyét dinh
gi& tri thim my va thuong mai ctia ca canh, khong chi chiu su chi phéi cia yéu t6 dinh
dudng ma con phu thudc vao nhiéu yéu té khac nhu di truyén va méi truong nudi. Chinh
Vi vy, viéc nghién ctru sdu hon vé mdi tuong tac phuc tap gitra cac yéu td di truyén,
dinh dudng va méi treong nudi s& cung cap cai nhin tong thé va toan dién hon, giup
dinh hudng chién lugc cai thién mau sic cho ca khoang cd néi riéng va ca canh noi
chung. Cudi ciing, mac di viéc két hop cac thdng s6 tdi wu vao thuc tidn san xuit da cai
thién hiéu qua tang tredng va mau sic cua ca khoang co nemo so vai dbi chiing va nguén
ca khai thac ty nhién, nhung do nhiing han ché vé thoi gian va kinh phi nghién cuau, tac
dong ddng thoi ciia moi truong va dinh dudng van chua duoc xem xét va danh gia trong
nghién ctiu nay. Trong sinh hoc ndi chung, chi tiéu téi vu & thi nghiém nay, trong nhiéu
truong hop, khdng phai 1a yéu té tét nhat khi xem xét trong méi quan hé tong thé hay
tuong tac voi cac yéu t khac. Piéu nay cang thé hién 15 nét hon trong hé thdng nudi
trong thuy san khi ma cac yéu té vo sinh, hitu sinh va k§ thuat nudi c6 méi quan hé chat
ché v6i nhau va déu tac dong lén cac hoat dong song cia ca [194]. Chinh vi vay, nghién
clru tuong tic do6ng thoi cua cac yéu té moi trudng va dinh dudng trong cung mot hé
théng nudi nham tdi wu hoa chat lugng ca khoang c6 nemo 1a mot huéng nghién ciu
quan trong va can thiét trong tuong lai. Vi nhimg dinh huéng nghién ctru day thach
thirc nhung tiém nang va y nghia nay ndy, nganh cong nghiép san xuat gidng va nudi ca
canh bién c6 thé hudng tai su phat trién hiéu qua va bén viing hon, tao ra cac san pham
chat luong cao, tham my dep, an toan va than thién véi méi truong, tir d6 chiém vu thé
trén thi trudng, dap ¢ng nhu cau ngay cang cao cia nguoi tiéu dung va dong gop tich

cuc vao sy phat trién bén vitng caa hé sinh thai bién.
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CHUONG 4 - KET LUAN VA KIEN NGHI

4.1. Két luan

MBoi truong nudi (mau bé va do6 man) cé anh hudng dang ké dén mau sic va ting
truong cua ca khoang c6 nemo. Mau sic dat duoc tét nhat khi ca duoc nudi trong bé
xanh va trong sudt vai ¢6 man 33%o. Nguoc lai, bé mau den va do man thap (9%o) 1am

giam chat lwong mau sic cia ca, vai cac biéu hién da téi sam va nhot nhat.

B sung carotenoids tir nguon thwc vat (gac, 6t chudng) va dong vat (vo tom,
copepoda) cai thién dang ké mau sic, tang truong va hiéu qua st dung thirc n coa cé
khoang c6 nemo. Ot chudng va vo tom duge xac dinh 1a nguon bo sung tét nhat, vai
muc bo sung khuyén nghi lan luot 1a 900 mg/kg thire dn va 600 mg/kg thire an. Thoi
gian b6 sung carotenoids tir vo tdm trong 45 thay vi 75 ngay duoc xac dinh 1a du hiéu

qua trong Viéc ting cuong mau sac cua ca khoang co nemo.

Khi ¢ng dung két hop cac thong sé moi truong (bé mau xanh, dd min 33%o) va
ché @6 bd sung carotenoids vao thi an (tir vo tom, ham lwong 600 mg/kg thirc an, trong
45 ngay) vao thuc tién san xuat, ca cho thay két qua vuot troi vé cc chi tiéu mau sic
da, ham luong sic t6 tich lity, cac chi tiéu ting trudng va hiéu qua sir dung thire an so
v6i nhom ddi ching. Khi so sénh vai ngudn cé khai thac tir tu nhién, mac du ham luong
carotenoids tich liiy thap hon dang ké nhung cac chi tiéu danh gid mau sic da thé hién
su vuot troi, ca thé hién mau da d6 dam, sau va sic nét hon. Diéu ndy da cho thay tinh
hiéu qua cua viéc ap dung giai phap két hop vao thuc tién san xuat nham nang cao chat

lwong mau sac cua nguon ca khoang cd nemo san xuat nhan tao.

Céc két qua thu duoc trong nghién ctiru nay dong vai trd to 16n va y nghia quan
trong d6i v6i nghé nudi ca canh néi chung va ca khoang c6 nemo nai riéng, hd tro cai
thién nang suat, chat lwong va gié tri thwong mai cta san pham, déng thoi, dong gop vao
viéc giam &p luc khai thac 18n ngudn loi ¢4 ran tu nhién.

4.2. Kién nghi

Céc nghién ctu tiép theo nén tap trung 1am 16 vai tro va co ché hoat dong cua
carotenoids, dic biét 1a cac thanh phan cy thé, trong co thé ca khoang c6 nemo bao gom:
kha nang tiép can sinh hoc, sinh kha dung, hap thu, chuyén hoa va tich liy sinh hoc.
Diéu nay sé& gidp giai thich cac két qua thu duoc trong nghién ciru hién tai, dong thai,
ti wu hoa hiéu qua bd sung ciia nguén sic té nay vao thic in cho ca khoang ¢ nemo.
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Bén canh do6, cac nghién ciru sdu hon vé mdi tuong tac phic tap gitta cac yéu td
moi truong va dinh dudng b sung, thay vi don yéu té nhu trong nghién ciru hién tai,
ciing can duoc thuc hién nham cung cap cai nhin tong thé va toan dién hon, qua dé gitp

xay dung chién Iuoc hiéu qua, bén virng trong cai thién mau sic cua ca khoang cd nemo.
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1. Phu luc sé liéu

1.1. Thi nghigm 1 - Mau bé

PHU LUC

ANOVA
Sum of
Squares df Mean Sguare F Sig.
Lsao Between Groups 245818 ) 49164 35.5487 =.001
Within Groups 16.573 12 1.381
Total 262.391 17
Asao Between Groups 14.742 ) 2.948 13.666 =.001
Within Groups 2.589 12 216
Total 17.331 17
Bsao Between Groups 128713 8 25743 22332 =001
Within Groups 13833 12 1.153
Total 142545 17
Chroma  Between Groups 139.769 B 27.954 21.456 =001
Within Groups 15634 12 1.303
Total 155.403 17
Hue Between Groups 20633 B 4127 10.440 =001
Within Groups 4,743 12 385
Total 25376 17
DeltaE Between Groups 212,466 4 53.116 39.668 =001
Within Groups 13.3490 10 1.3349
Total 225 856 14
Skin Between Groups 571.801 5 114.360 7.944 .00z
Within Groups 172.7449 12 14 3496
Total 744 550 17
Muscle Between Groups 3.4849 b ] 21498 A22
Within Groups 3820 12 318
Total 7.320 17
Whaole Between Groups 36.251 B 7.250 2906 {060
Within Groups 29.938 12 2485
Total 66.190 17
L2 Between Groups 070 5 014 6.609 004
Within Groups 025 12 .ooz2
Total 084 17
W2 Between Groups 0496 ] 019 12.045 =001
Within Groups 019 12 0oz
Total 114 17



SGREL Between Groups 013 L 003 6,937 003
Within Groups .004 12 .0oo
Total m7 17
SGRW Between Groups 183 Hi) 039 11.243 =001
Within Groups 041 12 003
Total 235 17
CWL Between Groups 10.635 5 2127 2618 080
Within Groups 9748 12 a2
Total 20.383 17
CWVW Between Groups 111.317 5 22263 4450 016
Within Groups 60.031 12 5.003
Total 171.349 17
lF Between Groups 018 K 003 38925 024
Within Groups 010 12 om
Total 026 17
SR Between Groups 007 L .00 61 478
Within Groups 018 12 .00
Total 0325 17
Fl Between Groups avz Hi) 014 3528 034
Within Groups 048 12 004
Total 120 17
FCR Between Groups A00 b 080 23.974 =001
Within Groups 040 12 003
Total 440 17
PER Between Groups 123 ) 025 25 657 =00
Within Groups 011 12 om
Total 134 17
Post Hoc Tests — Homogeneous Subsets — Duncan
Lsao Asao
Duncan?® Duncan®
Subsetfor alpha=0.05 Subsetforalpha=0.05
nghthuc M 1 3 nghthue M 1 2 3
hlack 3 37.0033 hlack 3 B6.1733
arange 3 41.8500 violet 3 6.6433
violet 3 437733 orange 3 6.7633
hlue 3 46.4833 white 3 7.5933
clear 3 47.0800 clear 3 B.2367 8.2367
white 3 47 6167 blue 3 8.7067
Sig. 1.000 .0az2 .283 Sig. 164 116 239




Chroma L2

Duncan?® Duncan®
Subsetforalpha=0.05 Subsetforalpha=0.05
nahthue M 1 2 nghthue M 1 2
black 3 18.2133 clear 3 3.TBET
violet 3 205433 hlack 3 3.8067
orange 3 211067 arange 3 3.8433
blue 3 251667 violet 3 3.8467
clear 3 253100 blue 3 3.9300
white 3 26.5500 white 3 3.8400
Sig. 076 183 Sig. 071 794
Hue w2
Duncan® Duncan?®
Subsetfor alpha=0.05 Subsetforalpha= 005
nghthuc M 1 2 3 nghthue M 1 2 3
hlue 3 G9.7633 clear 3 1.0433
clear 3 71.0167 hlack 3 1.1000 1.1000
violet 3 71.1467 orange 3 1.1300
hlack 2] 71.2733 violet 3 1.1567
orange 2] 71.3000 hlue 3 1.2333
white 3 73.3933 white 3 1.2533
Sig. 1.000 618 1.000 Sig. A07 123 550
Muscle SGRL
Duncan?® Duncan?®
Subsetforalpha=0.05 Subsetfor alpha=0.05
nghthuc M 1 2 nghthuc M 1 2
black 3 1.76E7 clear 3 2200
violet 3 2.3000 2.3000 black 3 2400
orange 3 24200 24200 orange 3 2533
white 3 2.8100 2.8100 violet 3 .2533
clear 2] 289133 white 3 2933
blue 3 3.0733 hlue 3 2833
Sig. 057 151 Sig. 073 1.000
Whole SGRW
Duncan?® Duncan?®
Subsetforalpha = 0.05 Subsetforalpha=0.05
nghthuc M 1 2 nghthuc M 1 2 3
black 3 8.7633 clear 3 7933
violet 3 10.3467 10.3467 black 3 B733 8733
orange 3 10.8467 10.8467 orange 3 H233
white 3 11.8533 violet 3 8600
clear 3 12.6067 hlue 3 1.0667
hlue 3 12.9000 white 3 1.0900

Sig. 50 096 Sig. 21 10 635




CcvL Fl
Duncan® Duncan®
Subsetforalpha=0.05 Subsetfor alpha=0.05
nghthuc 1 2 nghthue M 1 2
hlack 3 6.7800 clear 3 7933
clear 3 7.0233 7.0233 hlack 3 .8900 .8900
hlue 3 71233 7.1233 orange 3 .5000 .5000
white 3 B.1067 21067 violet 3 9467
violet 3 8.6000 blue 3 8733
orange 3 8.6667 white 3 STET
Sig. A120 064 Sig. 074 164
cCvWw FCR
Duncan?® Duncan?®
Subsetforalpha=0.05 Subsetforalpha=0.05
nghthuc 1 2 3 nghthuc N 1 2 3
hlue 3 18.9767 white 3 1.6200
hlack 3 20.8867 20.8967 biue 3 1.6633
clear 3 21. 2167 21 2167 violet 3 1.8767
white 3 23.3200 23.3200 orange 3| 1.8867
violet 3 255500 hlack 3 1.9800
arange 3 267533 clear 3| 2.0067
Sig. 266 23 228 Sig. 376 B36 730
CF PER
Duncan? Duncan?®
Subsetforalpha=0.05 Subsetforalpha=0.05
nahthuc 1 2 3 nahthue M 1 2 3
clear 3 1.9633 clear 3 8067
orange 3 1.9867 1.9867 black 3 8167 G167
black 3 1.9933 1.9833 orange 3 9633 9633
violet 3 2.0267 2.0267 violet 3 8700
blue 3 2.0333 2.0333 blue 3 1.0933
white 3 2.0500 white 3 1.1200
Sig. 248 .0an 363 Sig. 053 067 312
SR
Duncan®
Subsetfor
alpha=0.05
nghthuc 1
orange 3 4110
white 3 4553
blue 3 4553
violet 3 4553
black 3 4553
clear 3 arii
Sig. 080




1.2. Thi nghiém 2 — Bé man

ANOVA
Sum of
Sguares df Mean Square F Sia.

Lsao Between Groups G6.195 ) 13.238 26.888 = 001
Within Groups 5.809 12 482
Total 72103 17

Aszao Between Groups 15.885 K 3TV 36.548 =001
Within Groups 1.043 12 087
Total 16.928 17

EBsao Between Groups 39265 i 7.853 11.885 =001
Within Groups 7.B56 12 G55
Total 47121 17

Chroma  Between Groups 51.226 a 10.245 18.954 = 001
Within Groups 6.486 12 LT
Total 57713 17

Hue Between Groups 30.375 ) G6.075 3824 026
Within Groups 19.064 12 1.589
Total 49438 17

Deltak Between Groups 54 563 4 13.641 29.0M = 001
Within Groups 4704 10 470
Total 59267 14

Skin Between Groups 568.311 5 113.662 13518 =.001
Within Groups 100.857 12 8.408
Total 669.208 17

Muscle Between Groups 2825 i AES 8.621 .00
Within Groups a87 12 066
Total 3B12 17

Whaole Between Groups 33.396 a G679 10.613 = 001
Within Groups 7.552 12 628
Total 40948 17

L2 Between Groups A37 ) 027 26.062 =001
Within Groups 013 12 om
Total 1449 17

W2 Between Groups 151 ) 030 13.442 =001
Within Groups 027 12 002
Total 178 17

SGREL Between Groups 024 ) 004 26028 =001
Within Groups 002 12 000
Total 027 17

SGRW Between Groups Av70 ) 074 13.996 =001
Within Groups 063 12 005
Total 434 17



CWL Between Groups 35.0749 H 7.016 89.872 =001
Within Groups 3.628 12 a1
Total 43.607 17
CWWY Between Groups 69624 H 13.925 1.347 310
Within Groups 124072 12 10.334
Total 193.696 17
lF Between Groups 026 5 005 3181 047
Within Groups 020 12 002
Total 046 17
SR Between Groups 131 5 026 7607 o0z
Within Groups 041 12 003
Total 72 17
Fl Between Groups .202 5 .040 9.501 =00
Within Groups 051 12 .004
Total 254 17
FCR Between Groups 246 5 049 5949 00s
Within Groups 089 12 .00s
Total 345 17
PER Between Groups 68 5 032 9159 =001
Within Groups 041 12 003
Total 1949 17
Post Hoc Tests — Homogeneous Subsets — Duncan
Lsao Bsao
Duncan?® Duncan?
Subsetforalpha=0.05 Subsetfor alpha = 0.05
nghthuc M 1 2 3 nghthuc M 1 2 3 4
39 ppt 3 42 5967 9 ppt 3 171133
33 ppt 3 434433 15 ppt 3 18.6767
27 ppt 3 45.0367 21 ppt 3 19.1900
21 ppt 3 452433 27 ppt 3 19.8067  19.8067
15 ppt 3 471100 33 ppt 3 20.7800  20.7800
g ppt 3 481233 39 ppt 3 21.7133
Sig. AE5 725 A02 Sig. 1.000 129 166 183
Chroma
Asao
Duncan®
Duncan?®
Subsetfor alpha = 0.05
Subsetfor alpha = 0.05 " : 5 . .
nahthuc 1 2 3 4 nghthuc
B oot 3 | 81133 9 ppt 3 181833
15 ppt 3 77787 15 ppt 3 20.2300
21 ppt 3 8.0733 80733 SRR - Anf bl
27 ppt : T 27 ppt 3 215300  21.5300
33 ppt 3 9.0833 38 ppt 3 233467
Sig. 1.000 241 072 054 Sig. 1.000 061 0749 291

Vi



Hue

Duncan? L2
Subset for alpha = 0.05 Duncan®
- . ) 5 Subsetfor alpha = 0.05
nohthuc il 1 2 3 4
33 ppt 3 B6.3500
9 ppt 3 AT067

27 ppt 3 66.9200 18 ppt 2 27973
21 ppt 3 BTATET 21 ppt - IFEE
15 ppt 3 B7.4000 27 ppt 3 38067
38 ppt 3 68 4500 68 4500 39 ppt 3 3.9267 3.0267
9 ppt 3 703067 33 ppt 3 3.9667
Sig. 087 098 Sig. 1.000 156 279 156

_ w2

Skin Duncan®

Duncan® Subset for alpha = 0.05

Subsetforalpha = 0.05 nghthu ] 2 3
nghthuc M 1 2 3 4
g ppt 3 19.3033 3 pot 3 9300
15 ppt 3 230233 23.0233 iRl : (EHEH0
21 ppt 3 28.0600  28.0600 21 ppt : LG
27 pot 3 30,5733 27 ppt 3 1.1300 1.1300
39 ppt 3 31.9200  31.9200 39 ppt 3 11633
33 ppt 3 36.2000 33 ppt 3 1.2167
Sig. 142 055 146 086 Sig. 1.000 072 054

Muscle SGRL

Duncan? Duncan®

Subsetforalpha=0.05 Subsetforalpha=0.05
nghthuc I 1 2 3 4 nghthue N 1 2 3 4
o ppt 3 1.4900 9 ppt 3 2200
15 ppt 3 1.8500  1.8500 15 ppt 3 2600
21 ppt 3 21600 21600 21 ppt 3 2733
27 ppt 3 23533 23533 27ppt 3 3033
39 ppt 3 24467 24467  39ppt 3 3167 3167
33 ppt 3 26867  33ppt 3 3300
Sig. 111 164 216 155 Sig. 1.000 271 271 27

Whole SGRW

— Duncan®

Subsetfor alpha = 0.05 Subsetfor alpha=0.05
nghthue N 1 2 3 4 nghthue N ! - ’
9 ppt 3 81267 9 ppt 3 5467
15 ppt 3 93600  9.3600 15 ppt 3 7500
21 ppt 3 104133 104133 21 ppt 3 7833
27 ppt 3 10.7800  10.7800 27 ppt 3 8733 8733
39 ppt 3 11.0033 39 ppt 3 9200
33 ppt 3 124933 33 ppt 3 9933
Sig. 081 058 403 1.000 Sig. 1.000 o7 ora

Vil



CVL

Duncan®
Subsetforalpha=0.05
nghthue M 1 2 3
39 ppt 3 3.6700
9 ppt 3 5.1900
27 ppt 3 6.8367
21 ppt 3 7.2100
15 ppt 3 73067
33 ppt 3 7.4900
Sig. 1.000 1.000 396
cvw
Duncan®
Subsetfor

alpha=0.058
nghthuc M 1
9 ppt 3 18.0767
39 ppt 3 21.4300
27 ppt 3 22,4500
21 ppt 3 234733
33 ppt 3 24 3667
15 ppt 3 24,9500
Sig. 066
Duncan®

Subsetfor alpha=0.05
nghthuc 1 1 2
9 ppt 3 1.8267
21 ppt 3 1.9033
27 ppt 3 1.9100
39 ppt 3 1.9200
15 ppt 3 1.8233
33 ppt 3 1.9500
Sig. 1.000 223
Duncan®

Subsetforalpha=0.05
nghthue M 1 2
9 ppt 3 7a10
15 ppt 3 8333
21 ppt 3 77T
27 ppt 3 R
39 ppt 3 aviT
33 ppt 3 1.0000
Sig. 1.000 227

Fl
Duncan®
Subsetfor alpha=0.05
naghthuc M 1 2 3
9 ppt 3 8533
15 ppt 3 1.0B67
21 ppt 3 1.1500 1.1500
27 ppt 3 11733 11733
33 ppt 3 1.2533
39 ppt 3 1.2667
Sig. 1.000 147 065
FCR
Duncan®
Subsetforalpha=0.05
nghthuc M 1 2 3 4
33 ppt 3 1.7467
27 ppt 3 1.8133 1.8133
39 ppt 3 1.8733 1.8733 1.8733
21 ppt 3 1.9700 1.9700 1.9700
15 ppt 3 2.0033 2.0033
g ppt 3 2.0900
Sig. 130 067 A1 148
PER
Duncan®
Subsetforalpha=0.05
nahthue I 1 2 3
9 ppt 3 4933
15 ppt 3 B333
21 ppt 3 6367
39 ppt 3 FO67 TO67
27 ppt 3 7133 7133
33 ppt 3 T967
Sig. 1.000 148 099

VI



1.3. Thi nghi¢m 3 — Nguén carotenoids thzc vt

ANOVA
Sum of
Sguares df Mean Sguare F Sig.

Lzao Between Groups 14.411 L 2.882 1.622 228
Within Groups 21.37 12 1.776
Total 35728 17

Asao Between Groups 111.462 a 22.292 53824 = 001
Within Groups 4870 12 414
Total 116.432 17

Bsao Between Groups G7.373 Hi) 13475 17.930 =001
Within Groups 9.018 12 N
Total T6.391 17

Chroma  Between Groups 171.889 L 34378 52.891 =001
Within Groups 7.800 12 G50
Total 1789.688 17

Hue Between Groups 251.869 ) 50.374 18.129 = 001
Within Groups 33344 12 2778
Total 285213 17

DeltaE Between Groups 33,337 4 3.334 16.745 = 001
Within Groups 5.283 10 A28
Total 38.630 14

Skin Between Groups 2414 605 5 482.821 21.108 =001
Within Groups 274 547 12 22874
Total 2689153 17

Muscle Between Groups 3.016 b 1.603 3.4472 037
Within Groups 5.5849 12 AG6
Total 13.606 17

Whaole Between Groups 189,457 L) ar.e. 7.214 .00z
Within Groups 63.031 12 5253
Total 252.488 17

L2 Between Groups 237 ] 047 16122 = 001
Within Groups 035 12 003
Total 272 17

W2 Between Groups 228 ] 046 9 866 = 001
Within Groups 056 12 005
Total 284 17

SGRL Between Groups 024 a .00s 20.89495 =001
Within Groups 003 12 .0oo
Total 027 17

SGRW Between Groups 238 5 048 9 680 =001
Within Groups 054 12 .00s
Total 289 17



CVL Between Groups 13.609 5 2722 2.049 143
Within Groups 15938 12 1.328
Total 28.547 17
CVW Between Groups 272.856 5 54.571 5.502 007
Within Groups 119.026 12 8.9149
Total 391.882 17
GiE Between Groups 006 g .0Mm 806 56T
Within Groups 018 12 ooz
Total 026 17
SR Between Groups 41.865 a 8.383 425 823
Within Groups 237141 12 18.762
Total 279106 17
Fl Between Groups 63 L] 033 1.883 154
Within Groups 187 12 016
Total 2360 17
FCR Between Groups 58T g AT 8.225 001
Within Groups A7 12 014
Total 758 17
PER Between Groups 20 ) 040 7.751 ooz
Within Groups 062 12 005
Total 264 17
Post Hoc Tests — Homogeneous Subsets — Duncan
Lsao Bsao
Duncan® Duncan®
Subsetfor alpha = 0.05 Subsetforalpha= 0.05
nghthuc M 1 2 nahthuc N ! 2 3
Gac 3 444533 BbC 3 17.8100
Lang 3 44 4867 Lang 3 20.9800
it 3 45 2467 45 2467 Rt 3 21.9800 21.9800
Rit 3 455500 455500 Astax 3 22.9067
Astax 3 45 6167 45 6167 Ot 3 23.2333
BC 3 471267 Gac 3 23.4100
Sig. 347 35 3ig. 1.000 183 085
Asao Chroma
Duncan?® Duncan?®
Subsetforalpha=0.05 Subsetforalpha=0.05
nghthuc N 1 2 3 4 nohthuc 1 2 3
BC 3 78667 BC 19.5367
Lang 3 11.4500 Lang 24.4033
Rét 3 11.9500 Rt 25.5433
Gac 3 13.8267 Gac 27.8200
it 3 148933  14.8933 Astax 281967
Astax 3 151067 Ot 28.3267
Sig. 1.000 J360 065 692 Sig. 1.000 108 478

X




Hue L2
Duncan® Duncan®
Subsetforalpha=0.05 Subsetforalpha=0.05

nghthuc M 1 2 3 nghthuc M 1 2 3
Astax 3 54,3433 B K] 4.0000

it 3 551333 Astax 3 41233

Gac 3 57.3033 57.3033 Lang 3 41733

Lang 3 59.3000 Rt 3 4.2000

Rt 3 59.4300 it 3 42067
BC 3 657400  Gac 3 4.3533
Sig. 060 162 1.000 Sig. 1.000 125 225

Skin W2
Duncan? Duncan?
Subsetfor alpha = 0.05 Subsetfor alpha = 0.05

nohthuc M 1 2 3 4 nahthuc M 1 2 3 4
BC 3 357433 BC 3 11267

Lang 3 57.7233 Astax 3 1.2700

Rt 3 £0.4300  60.4300 Lang 3 13100 1.3100

Astax 3 656667 656667 656667 Rt 3 13300 1.3300

Gac 3 677633 677633 Ot 3 1.4367 1.4367
8} 3 709200  Géc 3 1.4700
Sig. 1.000 076 099 225  Sig. 1.000 324 050 560

Muscle SGRL
Duncan® Duncan®
Subsetfor alpha=0.05 Subsetfor alpha=0.05

nghthuc I 1 2 nghthuc M 1 2 3

BC 3 28167 BC 3 2933

Lang 3 33233 33233 Astax 3 3333

Rt 3 3.8500 3.8500 Lang 3 .3500

Astax 3 4.3833 Rt 3 3567

Gac 3 4 5167 at 3 3867
it 3 4 6433 Gic 3 4067
Sig. 102 051 Sig. 1.000 096 a3

Whole
Duncan® SGRW
Subset for alpha = 0.05 Duncan®

nghthue M 1 7 3 Subsetfor alpha=0.05

pC 3 11.9300 nahtuc . 1 : ’ :
Lang 3 16.0667 = : 8200

. Astay 3 BTET

Rot 3 17,6267 Lang 3 1.0200  1.0200

Astax 3 19.4633 104633 o 3 10400 | 1.0400

Gac 3 198600  19.8600 at 3 11400 11400
it 3 22.1200 Géc 3 11733
Sig. 1.000 084 201 Sig. 1.000 315 069 572

Xl



CVL

Duncan®
Subsetforalpha=0.05
nghthue M 1 2
Gac 3 9.9100
ot 3 10.0133
Lang 3 11.2633 11.2633
Rit 3 11.2667 11.2667
Astax 3 11.4567 11.4567
BC 3 12.4300
Sig. 159 273
CVW
Duncan®
Subsetfor alpha=0.05
nghthue M 1 2
Gac 3 28.9533
it 3 29.2433
Lang 3 34 4867 34 4867
Astax 3 352133
Rit 3 35.3533
BC 3 40.2733
Sig. 062 058
CF
Duncan?®
Subsetfor
alpha=0.05
nghthuc M 1
BC 3 17567
Gac 3 1.7833
Lang 3 1.7967
Rit 3 1.7967
it 3 1.8100
Astax 3 1.8133
Sig. 142
SR
Duncan?®
Subsetfor
alpha=0.05
nghthue M 1
BC 3 93.3333
Astax 3 95 5533
Lang 3 955533
Riit 3 955533
Gac 3 a7 7767
aj 3 a7 7767
Sig. 288

Xl

Fl
Duncan®
Subsetfar alpha=0.05
nghthue I 1 2
B 3 1.0800
Astax 3 1.2233 1.2233
Lang 3 1.2367 1.2367
Gac 3 1.2933 1.2933
Rit 3 1.3033 1.3033
ot 3 1.4033
Sig. 087 142
FCR
Duncan®
Subsetforalpha=0.05
nghthue I 1 2 3
Gac 3 1.5033
it a 1.7000 1.7000
Lang 3 1.7833
Rt 3 1.8000
Astax 3 1.8600
BC 3 21067
Sig. 087 154 1.000
PER
Duncan®
Subsetfor alpha=0.05
nahthue M 1 2 3
BC 3 8633
Astax 3 9800 9800
Rt 3 1.0100
Lang 3 1.0300
ot 3 1.0700
Gac 3 1.2167
Sig. 071 181 1.000




1.4. Thi nghiém 4 — Nguén carotenoids dong vit

ANOVA
sum of
Squares df Mean Square F Sig.

Lsao Between Groups 22713 5 4 543 4.3M 0ma
Within Groups 12,673 12 1.056
Total 35386 17

Asaon Between Groups 121.955 ] 24391 18.942 = 001
Within Groups 15.452 12 1.288
Total 137.408 17

Bsao Between Groups 71.214 5 14.243 14.581 =001
Within Groups 11.713 12 476
Total 82927 17

Chroma  Between Groups 164.260 a 32,852 29579 =001
Within Groups 13.328 12 1.111
Total 177.587 17

Hue Between Groups 174.074 5 34 815 7.226 0oz
Within Groups 57.827 12 4818
Total 23190 17

DeltaE Between Groups 28107 4 7.027 4028 034
Within Groups 17.446 10 1.745
Total 45552 14

Skin Between Groups 9919134 5 1983.827 47.252 =.001
Within Groups 503.808 12 41.984
Total 10422.842 17

Muscle Between Groups 15779 5 3156 9116 =001
Within Groups 4154 12 46
Total 19.934 17

Whaole Between Groups 3771 ] 63542 30.013 = 001
Within Groups 25406 12 2117
Total 343117 17

L2 Between Groups 251 a 080 21.650 =.001
Within Groups 028 12 0oz
Total 274 17

W2 Between Groups 72 5 034 22,962 =001
Within Groups g 12 00
Total 80 17

SGRL Between Groups 027 5 005 23.766 =.001
Within Groups 003 12 000
Total 030 17

SGRW Between Groups 2M 5 040 21.629 =001
Within Groups 022 12 a0z
Total 224 17

X1



CWL Between Groups 20.665 5 4133 2.284 12
Within Groups 21.713 12 1.808
Total 42.378 17
CWW Between Groups 260.568 5 52114 5656 .0or
Within Groups 110.567 12 9214
Total A71135 17
EE Between Groups 0oy ) 0o 1.733 202
Within Groups 00s 12 0o
Total 016 17
SR Between Groups 19773 ) 3.855 267 823
Within Groups 177.856 12 14.830
Total 197.728 17
Fl Between Groups 81 ) 036 4 532 014
Within Groups 045 12 .00a
Total 276 17
FCR Between Groups A ) 04 4 535 015
Within Groups 276 12 023
Total 787 17
PER Between Groups 91 a 038 5.010 010
Within Groups .04z 12 .ang
Total 283 17
Post Hoc Tests — Homogeneous Subsets — Duncan
Lsao Bsao
Duncan® Duncan®
Subsetforalpha=0.05 Subset for alpha = 0.05
nahthuc M 1 2 3 nghthuc I 1 2 3
Ch-Egg 3 44,2200 BC 3 17.8367
Sn-Egg 3 454400 454400 Ch-Egg 3 21.0967
Astax 3 45 7800 457800 Sn-Egg 3 223300 22.3300
Sh-Shell 3 46 5667 465667 Cope 3 22.8933  22.8933
Cope 3 46,8367  46.8367 Sh-Shell 3 233667
BC 3 47 7567 Astax 3 23,7067
Sig. 00 A48 202 Sig. 1.000 055 138
Asao Chroma
Duncan® Duncan®
Subsetfor alpha = 0.05 Subset for alpha = 0.05
nghthue N 1 2 3 4 nghthuc N 1 2 3 4
BC 3 82833 BC 3 196700
Ch-Eaqg 3 121267 Ch-Eag 3 24,3333
Sn-Egg 3 13.3300  13.3300 Sn-Egg 3 26,0067  26.0067
Sh-Shell 3 149800 149800  Cope 3 275267 275267
Cope 3 152733 152733 Sh-Shell 3 277833 277833
Astax 3 16.0200  Astax 3 28.6600
Sig. 1.000 218 088 307 Sig 1.000 078 072 234
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Hue L2

Duncan® Duncan?®

Subsetforalpha= 005 Subsetforalpha=0.05
nghthuc N ! 2 nghthuc &l 1 2 3 4
Astax 3 55.9500 EIE 3 3.9233
Cope 3 56.3200 Astax 3 4.0367
Sh-Shell 3 57.3233 Ch-Egg 3 40700
Sn-Egag 3 591833 5n-Egg 3 4 1667
Ch-Eqgg 3 60.1500 Sh-Shell 3 4.2300 4.2300
BC 3 651133 Cope 3 4 3667
Sig. .053 1.000 Sig. 1.000 413 133 370

skin w2
Duncan® Duncan?
Subsetfor alpha= 0.05 Subsetfor alpha = 0.05

nghthuc 1 1 2 3 4 nghthuc M 1 2 3 4
BC 3 382900 Bc 3 1.0767
Ch-Egg 3 76.3100 Astax 3 1.1700
sn-Egag 3 90,7733 Ch-Egg 3 1.1967 1.1967
Astax 3 1004733 1004733  Sn-Egg 3 1.2533
Sh-Shell 3 103.1033  Sh-Shell 3 1.3333
Cope 3 106.2867  Cope 3 1.3633
Sig. 1.000 1.000 092 316 Sig. 1.000 415 098 361

Muscle
Duncan® SGRL

Subsetfor alpha = 0.05 Duncan®
nohthuc I 1 2 3 Subsetforalpha=0.05
BC 3 31967 nghthuc n ! ’ : !
BC 3 2967
Ch-Egg 3 43033
Astax 3 3333
Sn-Egg 3 4 8500 4 8500 Ch-Egg 3 o
Astax 3 55733 “gnegq 3 3767
Sh-Shell 3 57300 gpghell 3 3967 3967
Cope 3 58267 Cope 3 4100
Sig. 1.000 277 083 Sig. 1.000 301 131 3
SGRW
Whole Duncan®

Buncan® R Subset for alpha = 0.05
nghthue N 1 2 3 p 4 5 nghthuc " ! : : !
BC 3 11.8267 oe 3 9233
T 3 15,9700 Astax 3 1.0333
SnEgg = et Ch-Egg 3 1.0600  1.0600
Astax 3 20.7167 Sn-Egg 3 11233
Sh-Shell 3 229400 229400 Sh-Shell 3 1.2033
Cope 3 237200  Cope 3 1.2367
Sig. 1.000 1.000 1.000 086 524 Sig. 1.000 464 097 363
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CVL

FI
D 4
unean Duncan®
Subsetfor alpha = 0.05 Subset for alpha = 0.05
nghthuc . ! - nghthuc 1 2 3
Sh-Shell 3 9. 4567 Be 3 1 0500
Cope 3 8.7267 Ch-Egg 3 11733 11733
Ch-Egg 3 11.0633  11.0633 Sh-Shell 3 12000 12000  1.2000
Sn-Egg 3 11.2367 11.2367 Astax 3 1.2133 1.2133 1.2133
Astax 3 11.3800 11.3800 Cope 3 13167 1.3167
BC 3 12.6467 Sn-Egg 3 1.3600
Sig. 134 206 Sig. 059 032 063
CVW FCR
Duncana Duncana
Subsetforalpha=0.05 Subset for alpha = 0.05
nghthue M 1 2 nghthue 1 2 3
Sh-Shell 3 28.89700 &h-Shell 3 15133
Cope 3 2891467 Cope 3 1.5967 16967
Ch-Egag 3 34.3900 34.3900 h-Egg 3 1. 8000 1.8000
Astax 3 35.1000 Sn-Egg 3 1.9067
Sn-Eaq 3 35,3300 Astax 3 1.9300
B 3 389.6233 BC 3 1.8533
Sig. 059 {060 Sig. A13 126 273
CF
Duncan?®
Subsetfor PER
alpha=0.05 a
Duncan
nghthuc 1 ,
Subsetforalpha=0.05
sn-Egg 3 1.7300 .
nghthuc 1 2 3
Cope 3 1.7567
BC 3 8367
Sh-Shell 3 1.7600
Astax 3 8467
Ch-Egg 3 1.7800
Sn-Egg 3 HEET
BC 3 1.7833
Ch-Egg 3 1.0300 1.0300
A_Stax 3 1.7833 Cope 3 11433 11433
Sl 054 Sh-Shell 3 1.2033
SR Sig. 248 138 AT
Duncan?®
Subsetfor
alpha=0.05
nghthuc 1
BC 3 955533
Ch-Egg 3 955533
Sn-Eag 3 955533
Astax 3 955533
Sh-Shell 3 a7 y7e7Y
Cope 3 Q7 7767
Sig. 532
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1.5. Thi nghiém 5 — Ham lweng carotenoids tzr 6t chubng

ANOVA
sum of
Squares df Mean Square F 3ig.

Lsao Between Groups 40.614 5 8123 6.233 005
Within Groups 15.639 12 1.303
Total 56.253 17

Asao Between Groups 223180 5 44 638 58.351 =001
Within Groups 9180 12 765
Total 232370 17

Bsao Between Groups 60.341 5 12.068 5184 0049
Within Groups 27.934 12 2.328
Total BB.275 17

Chroma Between Groups 196.787 5 39.358 18.585 =001
Within Groups 25413 12 2118
Total 222210 17

Hue Between Groups 540.760 5 108.152 19.945 =001
Within Groups 65.072 12 5.423
Total 605832 17

Deltak Between Groups 64,3592 4 16.098 17.147 =001
Within Groups 9 388 10 839
Total 73781 14

Skin Between Groups 15741.0749 5 3148.216 39.951 =.001
Within Groups 945616 12 78.801
Total 16686.695 17

Muscle Between Groups 73168 5 14,634 16.461 =001
Within Groups 10.668 12 889
Total 83.835 17

Whaole Between Groups 680.650 5 136.130 18.198 =001
Within Groups 89.761 12 7.480
Total 770.412 17

L2 Between Groups 233 5 047 3.430 om
Within Groups 066 12 006
Total 300 17

W2 Between Groups Jed a 037 8.238 .0om
Within Groups 054 12 004
Taotal 238 17

SGRL Between Groups 024 5 005 7.800 .00z
Within Groups 0oy 12 .0
Total 031 17

SGRW Between Groups 183 5 037 9.280 =0
Within Groups 047 12 004
Total 230 17
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CWL

CWw

CF

SR

Fl

FCR

PER

Maoiture

Protein

Lipid

Ash

Amylase

Protease

Lipase

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

Between Groups
Within Groups
Total

19.946
23.892
43.938
123.062
122,543
245604
016
025
041
002
020
022
Reich
00
432
183
051
234
048
014
0862
1.871
4,678
6.548
11.750
6.013
17.763
4.764
3108
7.870
085
1.621
1.705
31.145
103.375
134519
4.238
2193
6.431
17.804
G.442
242486

5
12
17

12
17

12
17

12
17

12
17

12
17

12
17

12
17

5
12
17

12
17

12
17

12
17

12
17

12
17

3.989
1.999

24612
10.212

003
002

.000
002

066
008

037
004

010
0m

74
390

2.350
Am

953
.259

017
135

6.229
B.615

.848
83

3.561
537

1.995

2410

1.557

300

7.923

8.658

8.546

960

4.690

3.682

126

723

4,638

6.633

152

.098

245

04

.00z

00

00

479

013

030

984

619

014

004

Post Hoc Tests — Homogeneous Subsets — Duncan

XVIII



Lsao Hue
Duncan® Duncan®
Subsetforalpha=0.05 Subsetfor alpha=0.05
nghthuc 1 2 3 nahthue M 1 2 3 4
1500 3 41.3200 1500 3 48,6567
1200 3 432800 43.2800 a00 3 501633 501633
300 3 43,8733 438733 1200 3 511167 511167
900 3 44,0733 440733 300 3 54.0100 54.0100
600 3 456733 600 3 55,8633
0 3 457367 0 3 651967
Sig. 057 434 .oas Sig. 242 77 3449 1.000
Asao Skin
Duncan? Dunean?®
Subsetforalpha=0.05 Subsetforalpha=0.05
nghthue 1 2 3 4 nghthue M 1 2 3 4
0 3 7.9533 0 3 37.4333
300 3 13.4967 300 3 T4.1533
600 3 14.2400 600 3 92 5467
1500 3 16.6267 4900 3 112.0533
1200 3 17.5967 17.5967 1200 3 117.5667
900 3 18.5900 1500 3 121.9533
Sig. 1.000 318 1499 189 Sig. 1.000 1.000 1.000 218
Bsao Muscle
Duncan® Duncan®
Subsetforalpha=0.05 Suhsetforalpha=0.05
nohthue 1 2 3 4 nghthuc 1 1 2 3 4
0 3 17.2567 0 3 22733
300 &l 18.5633 18.5633 300 3 4. 7467
1500 3 19.0233 19.0233 18.0233 600 3 55533 55533
600 3 21.0667 21.0667 21.0667 1500 3 6.9033 6.9033
1200 3 21.8087 21.8067 1200 3 7.4800
0o &l 222733 a00 3 8.4067
Sig. 202 079 054 375 Sig. 1.000 315 108 087
Whole
Chroma
Duncan? Duncan?®
Subsetfor alpha=0.05 Subsetforalpha=0.05
nahihue ’ 2 3 4 nghthue M 1 2 3
0 3 19.0100 0 3 14.3433
100 3 22 9500 300 3 197733
1500 3 253200  25.3200 600 3 23.1000
600 3 254433 254433 1500 3 29.6233
1200 3 28.0200  28.0200 [00 3 30.3533
Qo0 3 29.0133 1200 3 30.7500
Sig. 1.000 068 051 414 Sig. 1.000 162 G40
L2 w2
Duncan® Duncan?®
Subsetforalpha=0.05 Subsetforalpha=0.05
nahthuc 1 2 nghthue il 1 2
0 3 4.0167 0 3 1.2200
300 3 4.0467 300 3 1.2333
600 3 40733 600 3 1.2667
1200 3 4.2067 1200 3 1.4067
900 3 4 2667 900 3 1.4433
1500 3 43133 1500 3 1.4633
Sig. 342 20 Sig. 433 343
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SGRL CF

Duncan? Duncan®
Subsetfor alpha=0.05 Subset for alpha=0.05
nghthue I 1 2 3 nghthuce M 1 2
i 3 2200 1500 3 1.8100
300 3 .2300 1200 3 1.8733 1.8733
600 3 .2400 2400 900 3 1.8767 1.8767
1200 3 2833 2833 ] 3 1.8833 1.8833
a00 3 3033 300 3 1.8967 1.8967
1600 3 3133 G600 3 1.9000
Sig. 367 054 184 Sig. .054 523
SR
SGRW a
Duncan
Duncan® Subsetfor
Subsetfor alpha=0.05 alpha=0.05
nghthue M 1 2 nghthue M 1
0 3 7000 0 3 4533
300 3 T167 300 3 4533
600 3 TEET 1200 3 4533
1200 3 8833 600 3 9767
800 3 9267 800 3 9767
1500 3 9433 1500 3 4767
Sig. 314 372 Sig. /37
CVL Fi
Duncan® Duncan®
Subset for alpha = 0.05 Subsetforalpha=0.05
nghthuc ! 1 2 nghthue M 1 2
300 3 8.8600 300 3 S66T
00 3 9.5300 9.5300 0 3 1.0100
600 3 96633 96633 600 3 1.0700
1200 3 9.8833 9.8833 ann 3 1.2400
1500 3 10,3633 10,3633 1200 3 1.2633
0 3 12.2167 1500 3 1.3233
Sig. LT} 055 Sig. 212 308
cvw FCR
Duncan® Duncan?®
Subsetfor alpha = 0.05 Subset for alpha = 0.05
nghthuc M ! : nghthuc M 1 2 3 4
300 3 256567 200 s 17167
600 3 263200  26.3200 1500 3 17867 17867
900 3 273133 27.3133 1200 3 18467 18467
1200 3 30.6600 30.6600 300 3 18767 18767
0 3 31.7233 31.7233 600 3 1.9567 1.9567
1500 3 321067 1] 3 2.0200
Sig. 055 065 Sig. 212 132 071 256
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PER Lipid
Duncan?® Duncan?®
Subsetforalpha= 005 Subsetfor alpha=0.05

nghthuc M 1 2 3 4 nghthuc M 1 2
0 3 8000 1500 3 5.2833
600 3 9300 9300 500 3 5.4000
300 3 8700 8700 1200 3 5.7300 5.7300
1200 3 9833 9833 600 3 £.1000 £.1000
1500 3 1.0167  1.0167 300 3 6.5133
900 3 1.0567 0 3 6.6233
Sig. 287 089 132 AT Sig. .093 069

Protein Amylase
Duncan? Duncan?

Subsetfor alpha = 0.05 asl;ﬁ:itgnl'h
nghthuc N ! ? 3 nghthuc M 1
0 3 16.2333 0 3 98200
300 3 16.8767  16.8767 300 3 11 4900
500 3 17.6567  17.6567 600 3 170000
1200 3 18.0667  18.0667 1200 3 12,9733
500 3 18.3633 800 3 13.4500
1500 3 18.4500 1500 3 13.6200
Sig. 287 073 227 Sig. 177
Moiture

Duncan?® Protease

Subsetfor Duncan®

alpha = 0.05 Subsetfor alpha = 0.05
nghthue I 1 nghthuc N " 9 3
1200 3 71.7767 0 3 15733
1500 3 71.8800 300 3 18233 18233
600 3 71.8933 600 3 24967 24967
900 3 71.9033 1200 3 2.7000
300 3 72.2733 g00 3 2 7E00
0 3 727033 1500 3 2.8200
Sig. 126 Sig. 488 ore 407

Ash Lipase

Duncan? Duncan®

asl;‘r?;itguéa Subset for alpha = 0.05
nghthuc M 1 nghthue M 1 2
900 3 3.9533 0 3 2.9600
1500 3 4.0900 300 3 3.5533
1200 3 41133 600 3 4.9833
0 3 41267 1200 3 5.2200
300 3 41367 800 3 5.4000
600 3 41667 1500 3 5.5900
Sig. 529 Sig. 341 366

XXI



1.6. Thi nghiém 6 — Ham lweng carotenoids tzr vé tdm

ANOVA
sum of
Squares df Mean Sguare F Sig.

Lsao Between Groups 29.982 5 5996 12675 =.001
Within Groups 5722 12 ATT
Total 35704 17

Asao Between Groups 73237 5 T4.647 150512 =.001
Within Groups 5,951 12 A06
Total 3791849 17

Bsao Between Groups 284.009 5 56.802 35,4949 =.001
Within Groups 19.201 12 1.600
Total 303.210 17

Chroma Between Groups 608.516 5 121.703 95 327 =.001
Within Groups 15.320 12 1.277
Total 623.837 17

Hue Between Groups 273.355 5 54 671 20.613 =.001
Within Groups 31.828 12 2.652
Total 305183 17

Deltak Between Groups 131.616 4 32.904 37.4448 =.001
Within Groups 3.786 10 a7a
Total 140.402 14

Skin Between Groups 43730191 5 B746.038 57.338 =001
Within Groups 1830420 12 152,535
Total 45560611 17

Muscle Between Groups 65.067 5 13.013 20.674 =.001
Within Groups 7.553 12 G249
Total 72620 17

Whole Between Groups 1387100 5 277.420 22374 =001
Within Groups 148.753 12 12.399
Total 1535882 17

L2 Between Groups 255 ] 051 24674 =001
Within Groups 025 12 0oz
Total 280 17

W2 Between Groups 183 5 037 20.261 =001
Within Groups a2z 12 0oz
Total 208 17

SGRL Between Groups 030 a .00a 26.088 =.001
Within Groups 003 12 .0on
Total 03z 17

SGRW Between Groups 248 5 A0&0 22177 =001
Within Groups 027 12 .00z
Total 274 17
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CVL Between Groups 0oz 5 .0oo 1.939 161
Within Groups .00z 12 .ooo
Total 004 17

C\n Between Groups 024 5 005 5033 010
Within Groups .01 12 .00
Total 035 17

G Between Groups .004 B 001 1.107 A06
Within Groups .00g 12 .o
Total 013 17

SR Between Groups 88.889 5 17.778 1.1498 366
Within Groups 177.B67 12 14.822
Total 266.756 17

Fl Between Groups 206 B 041 2926 058
Within Groups 169 12 014
Total 376 17

FCR Between Groups 383 B 078 6.240 004
Within Groups 51 12 013
Total 545 17

PER Between Groups A3 B 026 6.364 004
Within Groups 0448 12 004
Total 181 17

Protein Between Groups 30.827 B 6.165 20.725 =00
Within Groups 3570 12 287
Total 34.357 17

Lipid Between Groups 16.567 B 1313 28.555 =0
Within Groups 1.382 12 16
Total 17.959 17

Tro Between Groups 634 g 27 682 G46
Within Groups 2.233 12 186
Tatal 2.B67 17

Moiture Between Groups 4.098 5 820 882 522
Within Groups 11.155 12 830
Total 15.253 17

Amylase Between Groups 27.748 ) 5550 2.805 060
Within Groups 22922 12 1.810
Total 50.670 17

Protease  Between Groups 3176 g 635 11.385 =001
Within Groups B70 12 056
Total 3.846 17

Lipase Between Groups 34.482 g 6.696 13.725 <.001
Within Groups 6.028 12 502
Tatal 40,511 17

Post Hoc Tests — Homogeneous Subsets — Duncan
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Lsao Skin
Duncan® Duncan?®
Subsetforalipha=0.05 Subsetfor alpha = 0.05
nghthuc M 1 2 3 4 nghthue M 1 2 3 4
1000 3 443700 0 3 A0.1167
800 3 454900 45,4900 200 3 9F 5067
600 3 46.3100 46.3100 400 3 130 4067
400 3 46.9567 600 3 167.2767
200 3 47 5467 47.5467 200 3 1722433
0 3 48.2600 1000 &l 177.0100
Sig. 070 A7 058 230 Sig. 1.000 1.000 1.000 a7
Muscle
Asao Duncan?®
Duncan Subsetfor alpha = 0.0
- | 1 :Sut:-selfor 2Ipha:0054 i nghthuc M 1 2 3 4
0 3 81900 0 1| 33500
200 3 15.8633 200 ! 56367
400 3 17,9467 400 3 6.8033 6.8033
1000 3 201133 600 3 7.8633 7.8633
600 3 208500 208500 800 3 8.6400
800 3 21,6033 1000 3 8.8533
Sig. 1.000 1.000 1.000 224 215 Sig. 1.000 087 128 AT
Bsao Whole
Duncan® Duncan?®
Subsetfor alpha=0.05 Subsetforalpha=0.05
nghthuc N 1 2 3 4 ] nghthuc N 1 2 3 4
0 3 159967 0 3 12.9200
200 3 22,7167 200 3 20.0333
400 3 239133 239133 400 3 28.7333
1000 3 25.2B67 25.2867 600 3 34,7600 34.7600
600 3 27.0200 27.0200 800 3 35.1867 35.1867
800 3 28.2767 1000 3 36.5800
Sig. 1.000 269 208 119 247 Sig. 1.000 1.000 053 559
Chroma L2
Duncan?® Duncan?®
Subset for alpha=0.05 Subsetfor alpha=0.05
nghthuc N 1 2 3 4 5 nghthuc N 1 2 3 4
0 d 17.9733 0 3 3.7367
200 3 27.7133 200 3 3.8533
400 £l 29.9033 400 3 3.9467
1000 3 32.3100 1000 3 4.0267 4.0267
600 d 341633 341633 600 3 4.0533
800 3 35.5867 800 3 4.0667
Sig. 1.000 1.000 1.000 068 149 Sig. 1.000 1.000 .052 326
Hue w2
Duncan® Duncan?
Subsetforalpha=0.05 Subsetforalpha=0.05
nghthuc M 1 2 3 nghthue M 1 2 3 4
1000 3 51.4967 0 3 1.0200
£00 3 522767 522767 200 3 1.0967
800 3 526067 526067 400 3 1.1967
400 3 531033 531033 1000 3 1.2667 1.2667
200 3 55.0600 600 3 1.2800
0 3 £2.9467 800 3 1.2867
Sig. 284 076 1.000 Sig. 1.000 1.000 067 594
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CF

SGRL
Duncan? Duncan®
Subsetfor
Subsetforalpha=0.05 alpha=0.05
nghthuc N 1 2 3 4 nghthuc N 1
0 3 2933 200 3 1.9133
200 3 3333 800 3 1.9167
400 3 3667 600 3 1.9200
1000 3 13933 3933 1000 3 1.9433
600 3 4000 400 3 1.9467
800 3 A067 0 3 1.9500
Sig. 1.000 1.000 051 324 Sig. 165
SR
SGRW Duncan®
Duncan® Subset for
Subsetforalpha= 0.05 alpha=0.05
nghthue I 1 2 3 4 nghthuc M 1
0 3 7500 0 3 91.1100
200 3 8500 200 3 955633
400 3 GRRT 400 3 955533
1000 3 1.0400 1.0400 1000 3 95.5533
600 3 1.0533 1.0533 600 3 97.7767
800 3 1.0667 800 3 97.7767
Sig. 1.000 1.000 053 524 Sig. 079
CVL FI

Duncan® Duncan®

Subsetforalpha=0.05 Subsetforalpha=0.05
nghthuc M 1 2 nghthuc M 1 2
600 3 0833 0 3 BEET
800 3 0933 0933 200 3 4700 9700
400 3 0933 0933 GO0 3 1.0867 1.0867
200 3 1033 1033 400 3 1.1200
1000 3 A067 067 1000 3 1.1433
] 3 133 200 3 1.1700
Sig. 078 124 Sig. 051 LET!

cvw FCR

Duncan® Duncan®

Subsetfor alpha = 0.05 Subsetfor alpha = 0.05
nghthuc N 1 2 nghthuc N 1 2 3
600 3 2567 600 3 15833
800 3 2700 800 3 1.6500  1.6500
400 3 3033 3033 1000 3 1.6633 1.6633
200 3 3300 400 3 18133 18133
1000 3 3433 200 3 1.8733
0 3 3533 0 3 1.9867
Sig. 101 .088 Sig. 276 115 .0a7
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Moiture

PER Duncan?®
Duncan® Subsetfor
Subsetfor alpha=0.05 alpha=0.05
nghthue M 1 2 3 4 nghthuc M 1
0 3 8200 600 3 68.4267
200 3 AT6e7 G767 200 3 68.5633
400 3 1.0100 1.0100 1.0100 1000 3 68.8133
1000 3 1.0933 1.0933 1.0933 200 3 691600
go0 3 1.1033 1.1033 400 3 692167
600 3 1.1733 0 3 69.8600
Sig. 128 0585 15 A72 Sig. 126
Protein Amylase
Duncan? Duncan®
Subset for alpha = 0.05 Subsetfor alpha=0.05

nghthue M 1 2 3 nghthue M 1 2
1] 3 16.3667 0 3 10.3767
200 3 17.65033 200 3 11.4100 11.4100
400 3 18.37E7T 400 3 124733 12.4733
G600 3 19.6900 1000 3 12.8867 12.8867
a00 3 19.7000 G600 3 13.6533
1000 3 19.8800 200 3 13.89433
Sig. 1.000 073 692 Sig. 061 063

Lipid Protease
Duncan? Duncan®

Subsetfor alpha = 0.0 Subsetforalpha =003
nahthue M 1 2 3 4 nghthuc M 1 2 3
1000 3 51300 0 3 1.3067
BOD 3 53300 53300 200 3 1.7867
600 3 54533 54533 400 3 21800  2.1900
400 3 5.8633 1000 3 2.3100
200 3 £.6967 00 3 2.4300
0 3 78800 800 3 25133
Sig. 290 092 1.000 1.000  Sio 1.000 058 146
Tro

Duncan® Lipase

Subsetfor Duncan?

alpha=0.05
nghthuc ! 1 Subset for ilpha: 0.05
0 3 5.8400 nghthue . 1 . ’

0 3 2.9467

1000 3 6.1400 >0 - e
a00 3 6.2767 400 3 58733
200 3 6.3233 1000 3 65100
400 3 6.3400 00 3 6 96T
G600 3 6.4000 200 3 & 7200
Sig. AT6 Sig. 1.000 1.000 200
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1.7. Thi nghiém 7 — Théi gian bé sung carotenoids tir vé tom

ANOVA
Sum of
Squares df Mean Square F Sig.

Lsao Between Groups 35130 4 3.783 G.358 .00g
Within Groups 13.814 10 1.331
Total 48 944 14

Asan Between Groups 171.516 4 42874 26.710 =.001
Within Groups 16.678 10 1.668
Total 188.1493 14

Bsao Between Groups 24.482 4 6.121 5. 861 011
Within Groups 10443 10 1.044
Total 3449325 14

Chroma  Between Groups 133.036 4 33.259 17.586 =001
‘Within Groups 18.912 10 1.891
Total 151.948 14

Hue Between Groups 252874 4 63.218 19.256 =001
Within Groups 32831 10 3.283
Total 285705 14

DeltaE Between Groups 125.031 3 41 677 39.03 =001
Within Groups 3.5472 a 1.068
Total 133.574 11

Skin Between Groups 9520190 4 2380.047 3v.0049 =001
‘Within Groups 643104 10 64.310
Total 10163.294 14

Muscle Between Groups 45781 4 11.445 14684 = 001
Within Groups 7.7494 10 74
Total 534575 14

Whaole Between Groups G53.962 4 163.491 24 648 = 001
Within Groups 66.331 10 6.633
Total 720.294 14

L2 Between Groups 024 4 006 2816 084
Within Groups o 10 ooz
Total 045 14

W2 Between Groups 016 4 004 3.093 067
Within Groups 013 10 om
Total 028 14

SGRL Between Groups oz 4 om 2.379 A2
Within Groups oz 10 .0oo
Total 004 14

SGRW Between Groups 017 4 004 3654 044
Within Groups 012 10 .0m
Total .029 14
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CWL Between Groups 336.871 4 84218 148410 =.001

Within Groups 5674 10 6T

Total 342546 14
CW Between Groups 79.304 4 19.826 3.263 .0549

Within Groups 60.769 10 6.077

Total 140.073 14
G Between Groups 001 4 .oon 408 .88

Within Groups .0os 10 .00

Total .008 14
SR Between Groups 41.461 4 10.365 350 838

Within Groups 206,282 10 20628

Total 337.742 14
Fl Between Groups 063 4 016 2027 66

Within Groups 0va 10 .o0g

Total a4 14
FCR Between Groups A4 4 .ova 9.229 .ooz2

Within Groups .0gs 10 .ooa

Total .3488 14
PER Between Groups A07 4 027 7.224 .00&

Within Groups 037 10 004

Total 144 14

Lsao Bsao
Duncan?® Duncan?®
Subsetforalpha=0.05 Subsetforalpha=0.05
nghthuc M 1 2 3 nahthue M 1 2
75 3 430567 15 3 21.3233
60 3 441800 441800 30 3 23.2833
45 3 448800 448800 45 3 23,9167
30 3 45 4667 60 3 24 6833
15 3 47 6533 75 3 24 BBET
Sig. 099 228 1.000 Sig. 1.000 07
Asao Chroma
Duncan? Duncan?®
Subsetforalpha=0.05 Subsetfor alpha=0.05

nghthue M 1 2 3 nghthue M 1 2 3
15 3 125367 15 3 247533
30 3 17.0933 30 3 28.8B6T
75 3 20.5867 60 3 322767
i 3 20.7833 45 3 32.2800
45 3 21,6733 75 3 32.2900
Sig. 1.000 1.000 348 Sig. 1.000 1.000 491
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Hue L2

Duncan® Duncan®

Subsetfor alpha=0.05 Subsetforalpha=0.05
nghthuc M 1 2 3 nghthuc M 1 2
45 3 478233 15 3 41467
60 3 499033 30 3 4.2100 4.2100
75 3 504233 45 3 42233 42233
30 3 537267 75 3 4.2300 4.2300
15 3 595767 g0 3 42700
Sig. 24 1.000 1.000 Sig. 066 68

Skin W2

Duncan? Duncan®

Subset for alpha = 0.05 Subsetforalpha=0.05
nahthuc M 1 2 3 nghthuc I 1 2
15 3 77.0200 15 3 1.3133
k1] 3 951567 a0 3 1.3700 1.3700
45 3 132.2767 75 3 1.3800 1.3800
60 3 1331967 45 3 1.3867
75 3 141.6700 G0 3 1.4100
Sig. 1.000 1.000 201 Sig. 052 226

Muscle SGRL

Duncan® Duncan?

Subsetfor alpha=0.05 Subsetforalpha=0.05
nghthue M 1 2 3 nghthue I 1 2
15 3 40267 15 3 AET
a0 3 6.0500 30 3 ABET 66T
45 3 8.3067 45 3 .A700 3700
G0 3 2.3300 75 3 .A700 3700
75 3 2.4300 G0 3 3833
Sig. 1.000 1.000 874 Sig. 03 228

Whole SGRW
Duncan® Duncan®
Subsetforalpha=0.05 Subsetfor alpha=0.05

nghthue M 1 2 nghthuc M 1 2
15 3 228233 15 3 S967
30 3 36.0933 30 3 1.0567 1.0567
45 3 38.3167 45 3 1.0700
G0 3 38.4700 75 3 1.0700
7a 3 40.6733 60 3 1.1000
Sig. 1.000 070 Sig. 059 82
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Fl

CVL
Duncan® Duncan®
Subsetfor alpha=0.05 aslp;‘r?:itglnélﬁ
nahthue M 1 2 3 4 5 nghthuc M 1
45 3 B.9267 45 3 1.2433
30 3 11.8667 7a 3 1.2500
60 3 14.2567 60 3 1.2767
15 3 19.4633 15 3 1.3467
75 3 21.7400 30 3 1.4133
Sig. 1.000 1.000 1.000 1.000 1.000  Sig. 056
Cvw FCR
Duncan® Duncan?®
Subsetfor alpha=0.05 Subset for alpha = 0.05
nghthuc M 1 z nohthuc M ! 2
45 3| 28,1933 &0 3 1.6033
30 3 305800 305800 45 3 16233
60 3 31.7300 31.7300 75 3 1.6400
75 3 321067 321067 an 3 1.8800
15 3 352767 15 3 1.8467
Sig. 100 054 Sig. 652 387
CF
Duncan® PER
sutr
nghthuc N ’ Subsetforalpha =Fl|:|.|:|5
60 3 1.8167 nohhue i 1 -
15 3 B367
i) 3 1.8267 10 3 9700
30 3 1.8367 75 3 1.1067
45 3 1.8400 45 3 11767
15 3 1.8400 G0 3 1.1367
Sig. 361 Sig. A18 BTT
SR
Duncan®
Subset for
alpha=0.05
nghthue M 1
G0 3 93,3333
45 3 95,5533
fh 3 95 5567
15 3 a7 7TaT
an 3 a7. 7767
Sig. a7T
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1.8. Thi nghi¢gm 8 — Pdnh gid hi¢u qud két hop méi truwong va bé sung carotenoids

Independent Samples Test

Levene's Test for Equality of

Variances ttest for Equality of Means
95% Confidence Interval of the
Mean Std. Error Difference
F Sig. t df Sig. (2-tailed) Difference Difference Lower Upper

L2 Equal variances 3.365 .091 -7.797 12 .000 -13429 01722 -17181 -.09676
assumed

Equal variances not -7.797 8.567 000 -.13429 01722 -17355 -.09502
assumed

w2 Equal variances 4412 057 -6.429 12 .000 -1257 01955 -16832 -.08311
assumed

Equal variances not -6.429 9.090 000 -12571 01955 -16988 -.08155
assumed

SGRL  Equalvariances 2,749 123 -7.842 12 .0oo -.08000 01020 -10223 -.05777
assumed

Equal variances not -7.842 8.864 000 -.08000 01020 -10313 -.05687
assumed

SGRW  Equalvariances 6.031 030 -6.178 12 .000 -27714 04486 -.37488 -17841
assumed

Equal variances not -6.178 8.282 .000 -27714 04486 -.37998 -17431
assumed

CVL Equal variances 018 801 1.919 12 .079 1.08571 56587 -14720 2.31863
assumed

Equal variances not 1919 11.984 079 1.08571 56587 - 14738 231881
assumed

cww Equal variances 1.355 267 1.158 12 270 234143 202245 -2.06510 6.74796
assumed

Equal variances not 1.158 10.949 .272 2.34143 202245 -2.11246 6.79532
assumed

CF Equal variances 9.641 .008 -1.310 12 215 -.03429 02617 08131 02274
assumed

Equal variances not -1.310 6973 .232 -.03429 02617 -.09622 02765
assumed

SR Equal variances 5.333 .040 -1.155 12 2N -1.91429 1.65782 -5.62637 1.69779
assumed

Equal variances not -1.155 10.600 273 -1.91428 1.65782 -5.57138 1.74281
assumed

FI Equal variances 976 343 -3.570 12 004 -11000 03082 -17714 -.04286
assumed

Equal variances not -3.570 10.684 005 -11000 03082 -17807 -.04183
assumed

FCR Equal variances 5.784 .033 B.676 12 000 27714 03194 20754 34674
assumed

Equal variances not B.676 7.519 000 27714 03194 .20265 35163
assumed

PER Equal variances 2.843 118 -9.399 12 000 -.16000 01702 -19709 -12291
assumed

Equal variances not -9.398 9.145 000 -16000 01702 -.19842 -12158
assumed
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ANOVA

Sum of
Squares df Mean Sguare Sig.
Lsao Between Groups 228118 2 114.0589 42,803 .0oo
Within Groups 50.630 149 2. 665
Total 278.747 21
Azao Between Groups 859.058 2 429529 203607 .0oo
Within Groups 40.082 149 2110
Total 885140 21
B=zao Between Groups 49 860 2 24.930 13116 .0oo
Within Groups 36.114 19 1.801
Total B5.975 21
Chroma  Between Groups 486.050 2 243.025 89.480 .0oo
Within Groups 51.603 149 2716
Total 537.654 21
Hue Between Groups 1680.783 2 340.391 162.068 .0oo
Within Groups 88.529 19 5186
Total 1779.312 21
DeltaE Between Groups 88.478 1 88.478 36.265 .0oo
Within Groups 31.717 13 2.440
Total 120194 14
CLEx Between Groups 68.834 2 34.420 43136 .0oo
Within Groups 15.161 19 798
Total 84.000 21
Skin Between Groups 535968.804 2 26984402 201470 .0o0
Within Groups 2544814 149 133.838
Total 56513.618 21
Muscle Between Groups 310.788 2 155.394 46.436 .0oo
Within Groups 63.582 149 3.346
Total 3r4.370 21
Whaole Between Groups 7820.880 2 3910440  138.974 .0oo
Within Groups 534,603 149 28137
Total 8355 483 21
Post Hoc Tests — Homogeneous Subsets — Duncan
Lsao Asao
Duncan®® Duncan®®?
Subsetfor alpha=0.05 Subsetfor alpha = 0.05
Mghthuc N 1 2 3 Mghthuc 1 2 3
Tu nhién 8 38.23149 BC 7 B.7386
¥ng dung 7 44,7929 Tur nhign B 17.0825
BC T 46.6857 ng dung 7 24,3929
Sig. 1.000 1.000 1.000 Sig. 1.000 1.000 1.000
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Bsao Skin

Duncan®® Duncan®®

Subsetforalpha=0.05 Subsetfor alpha=0.05
Mahthue 1 2 3 Mghthue M 1 2 3
BC T 221714 BC 7 40.8800
Tuw nhién g 24.0388 Lrng dung 7 138.0457
Ung dung T 259457 Tuw nhién a 153.5738
Sig. 1.000 1.000 1.000 Sig. 1.000 1.000 1.000

Chroma Muscle

Duncan®®? Duncan®®

Subsetforalpha=0.05 Subsetfor alpha=0.05
Mghthue 1 2 3 Mghthuc I 1 2 3
BC T 23.84249 BC 7 2.8314
Tuw nhién 8 29.5150 Lrng dung 7 8.0771
Lng dung 7 356243 Tuwnhién 8 11.9450
Sig. 1.000 1.000 1.000 Sig. 1.000 1.000 1.000

Hue Whole

Duncan®® Duncan®®t

Subsetforalpha=0.05 Subsetforalpha=10.05
Nghthuc ! 2 3 Nghthue N 1 2 3
Ung dung 7 46.8043 BC 7133471
Tu nhién a 54 6088 lJ‘ng dung 7 41.8257
BCc 7 6B.4171 Tw nhién 8 58.8700
Sig. 1.000 1.000 1.000 Sig. 1.000 1.000 1.000

CLEx

Duncan®®

Subsetforalpha=0.05
MNghthue 1 2 3
BC 7 47143
Tuw nhién 8 7.12580
ng dung 7 9.1429
sig. 1.000 1.000 1.000
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2. Phu luc hinh anh

Nguén carotenoids thuc vat:

Bi dé

Ot chudng Carét

Trang ga Copepoda

Astaxanthin téng hep:

' 3 .!," -.:’.N,, }#

O T
: ST onches PUNG iy
AR \n‘“‘t"  Ka e Astexantt e
foida. m.“‘.r.)"" oAU S e
ZusamTRaL MasSIatC v

“onta Cont
vanthin (E161j* astaxatipa (€1

XXXV



Phan tich ham lwgng tro
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Xac dinh hoat tinh enzyme lipase
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3. Phu luc phan tich
3.1. Chuin bj nguén ca va quy trinh san xuit giéng ca khoang cé nemo

Cé khoang c6 nemo gidng dugc san xuat tai Trai san xuat gidng ca canh bién Vinh Hoa.
Quy trinh san xuét gidong duoc ap dung dya trén Quy trinh san xuat gidng ca khoang c6 cam
(Amphiprion percula Lacepéde, 1802) — mot ddi twong ¢d su twong dong rat cao véi ca khoang
cd nemo (Amphiprion ocellaris) [1]. Ngoai ra, quy trinh san xuat ciing dugc t6i wu hoa dya trén
két qua cua Dé tai "Nghién ciru ndng cao sinh truong, ty 1é séng va mau sdc cia ca khoang cé
cam (Amphiprion percula Lacepéde, 1802)" [2] va kinh nghiém san xuat thyc tién nhiéu nim
cua chinh tac gia.

Cé khoang c6 nemo b me (5 — 10 cm) duoc nudi vd trong hé thong bé kinh 65 lit, loc
sinh hoc tuan hoan. Thire in cho ca bd me duoc ché bién tir cac nguyén liéu tuoi sdng nhu tom,
muc, hau, ca thu, bd sung thém tao kho, vitamin va khoang tong hop dé dam bao dinh dudng
cho qué trinh sinh san. Trimg duoc dé, thu tinh va ap bai ca bé me trong 7 — 9 ngay tly theo
nhiét d6 nudc. Phdi sap nd voi mbng mat c6 anh bac dic trung xuat hién, duoc chuyén vao bé
né (50 — 70 lit, suc khi nhe) vao budi téi (17h00 — 18h00) va 4u tring méi nd dugc thu vao sang
hém sau (6h00 — 7h00).

Au trung duoc wong véi mat do 1 — 3 con/L trong céc bé kinh cd thé tich tir 50 — 100 lit.
Ché @6 cho an trong giai doan wong au tring dugc tém tat nhu sau:

Luan tring 1am giau (DHA Protein Selco 150 ppm), 10 — 20 con/mL, duoc cung cap
trong vong 12 gio sau khi au tring na va kéo dai trong 5 ngay.

Artemia lam giau (DHA Protein Selco 150 ppm), 2 — 3 con/mL, dugc cho an tir ngay
thir 3 cho dén ngay thir 30.

Thuc an cong nghiép NRD (INVE, Théi Lan), vai ¢d hat tir 200 — 800 um, dugc tap cho
c4 an tir ngay thir 28 cho dén khi dat kich ¢ thi nghiém (3,0 — 3,5 cm).

Tan suét cho an thire an séng (luan tring va Artemia) 1a 3 — 4 lan/ngay, trong khi thic
an cong nghiép duoc cho an 6 1an/ngay.

Nham 6n dinh méi truong wong va duy tri ngudn dinh dudng, tao tuoi Nannochloropsis
oculata dwoc bd sung vao bé wong 2 1an/ngay (8h00 va 14h00) vaoi mat do khoang 50.000 té
bao/mL trong sudt thoi gian sir dung luan tring va Artemia.

Céc yéu to6 moi truong nude nhu nhiét do, pH, oxy hoa tan, ham luong ammonia tong
s6 (TAN) duoc Kiém tra thudng xuy@n va duy tri trong pham vi thich hop: nhiét 6 28 - 30°C,
d6 man 30 - 35%o, pH 7,8 - 8,2, oxy hoa tan > 5 mg/L, TAN < 0,5 mg N/L. Viéc quan ly chat
lwong nudc trong qua trinh wong dwoc thuc hién bang cach siphon va thay nudc 30 — 50%, 2
lan/ngay vao ltc 6h30 va 16h30.

Sau 2,5 — 3 thang, ca dat dén c& 3,0 - 3,5 cm chiéu dai toan than (TL) va 0,5 — 0,9 g/con
khéi lwong toan than (BW), dap (rng yéu cau kich c& dé bé tri vao cac thi nghiém nghién ctru
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cua luan an. Ca dua vao thi nghiém duoc lya chon dya trén céc tiéu chi: khoe manh, khéng cé
biéu hién bénh, van dong linh hoat, mau sic ty nhién va kich c& dong déu. Pic biét, ca dugc
lya chon phai dam bao sy ddng nhat vé mau sic theo danh gia cam quan. Trudc khi tién hanh
thi nghiém, c4 dugc thuan hoa trong khoang thoi gian tir 1 - 2 tuan nham dam bao kha ning
thich nghi véi diéu kién nudi va hé thong thi nghiém.

3.2. Quy trinh chiét xuat carotenoids tir nguyén liéu

Céc ngudn nguyén liéu thd, bao gom bi ngd (Cucurbita moschata), 6t chudng
(Capsicum annuum), ca rét (Daucus carota), gic (Momordica cochinchinensis), trang ga
(Gallus gallus localus), vo tdm thé chan tring (Penaeus vannamei), copepoda
(Pseudodiaptomus annandalei) va tring dc buou vang (Pomacea canaliculata), dugc thu thap
tir cac dia diém khac nhau trén dia ban tinh Khanh Hoa. Sau khi thu thap, nguyén liéu dugc
chuyén vé Phong thi nghiém Cong nghé Ché bién Thyuc phim, Truong Pai hoc Nha Trang dé
chiét xuat carotenoids. Trong quéa trinh chiét xuat, dau d¢au nanh (Céng ty TNHH CALOFIC)
duoc sir dung 1am dung méi dé chiét xuit gac, trong khi d6, cdn 96% duoc st dung cho cac
nguyén liéu con lai.

Quy trinh chiét xuat carotenoids duogc thuc hién duwa trén phuong phap dugc méd ta bai
Tran va cong su (2022), véi mot sé diéu chinh nho. Theo d6, 100 g mdi loai nguyén liéu da qua
xir Iy ban dau (lam sach, loai bo v6 va hat ddi véi thuc vat; ludc chin va tach ldy long do dbi
VGi triing ga va tring ¢ buou vang) duoc tron véi dung méi twong &ng theo ty 1& dung moi :
nguyén li¢ula 3,5: 1,0 (v : w), trong duong 350 mL dung mdi cho 100 g nguyén liéu.

Pé dam bao sy ddng nhat caa hdn hop, may xay Philips HR2118 (600W, Indonesia)
dugc str dung dé xay hon hop. Sau dé, hdn hop duoc chuyén vao céc thuy tinh 500 mL va day
kin bang mang boc thuc pham nham han ché sy bay hoi cua dung méi. Qué trinh chiét xuit cé
su hd tro cia vi song duoc tién hanh trong 10 vi song Sharp (900W, Nhat Ban) véi tong thoi
gian 180 gidy, xen ké& cac khoang nghi 30 gidy dé lam mat mau. Sau chiét xuat, hon hop duoc
loc qua vai dé tach dich chiét ra khoi phan ba. Dé thu hdi tdi da carotenoids, phan ba nay duoc
tai xur ly thém hai 1an nita, tong cong ba chu ky chiét xuat duoc thuc hién. Dich chiét tir ba lan
dugc gop lai va ham lugng carotenoids tong s duoc xac dinh bang phuong phap do quang phd
UV-Vis (Biochrom Ltd, Cambridge, UK).

Ham luong carotenoids tong sé tinh theo pg/g nguyén lidu tuoi ctia c&c ngudn nguyén
liéu duoc xac dinh nhu sau: bi ngd 71,7 pg/g, 6t chudng 102,6 pg/g, ca rot 88,4 pg/g, gac 463,0
ug/g, long do tring ga 23,7 pg/g, vo tdm 52,6 pg/g, copepoda 113,3 pg/g va trimg ¢ buou
vang 81,4 pg/g. Bén canh dé, dé so sanh hiéu qua cua cac nhdm sic t6 tu nhién va tong hop,
astaxanthin tong hop (Carophyll Pink CWS, DSM Nutritional Products Ltd., Thuy ST) voi ham
luong 10% ciing duoc st dung 1am ngudn bd sung. Tét ca cac ngudn carotenoids nay dugc dua
vao khau phan an thir nghiém cho ca khoang c6 nemo twong ng véi tirng noi dung/nghiém
thirc thi nghiém.
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3.3. Chuan bj thike an thi nghiém va b sung carotenoids
3.3.1. Sdn xudt thc dn

Thirc an nén (basal diet) dwoc xay dung dua trén nhu cau dinh dudng cho wong ca bién,
v6i ham lugng protein va lipid thd lan lugt 1a 55% va 12% (Bang 2.1) [116, 135]. Quy trinh san
XUét thirc dn tuan thi theo phuong phap dugc mé ta boi Tran va cong su véi mot sb diéu chinh
nho [195]. T4t ca cac nguyén liéu thd (trir carotenoids va vitamin tong hop) dugc can chinh xéac
theo cdng thire, nghién min va tron déu bang may tron thuong mai (Lifeng B20, Guangdong,
China) trong 15 - 20 phat. H3n hop nguyén liéu sau d6 duoc hip ¢ nhiét 6 90 - 95°C trong 20
phut dé 1am chin va diét khuan. H3n hop da hip duoc dun ép qua khudn cé duong kinh 3,0 mm
(S150, Binh Quan T&M Co., Ltd.) dé tao dang vién. Vién thirc an duoc say khd trong 10 siy
khéng khi néng & nhiét do 60°C trong khoang 8 gior hodc cho dén khi dat do 4m khoang 10%.

Sau khi 1am nguéi, thtrc 3n duoc nghién va sang qua ray c6 kich thudc mat 0,8 - 1,0 mm
dé thu duogc vién c6 kich ¢& phu hop véi miéng cé. Tiép theo, dung dich carotenoids (dd dwoc chiét
Xut va pha lodng trong dau thyc vat véi nong do 4,1 — 7,4% tly theo nguyén liéu; Bang 1 - 5)
cuing hén hop vitamin tong hop duoc nho déu 1én bé mat vién thire 4n theo ting nghiém thic.

3.3.2. Ham lwgng carotenoids bé sung

Trong cac thi nghiém, ham luong carotenoids bé sung duoc diéu chinh tly theo muc
tiéu nghién ctru. Cuy thé:

Trong Thi nghiém 3 va 4 (Noi dung 2), ham luong carotenoids bd sung cua tat ca cac
nguyén li¢u 1a 250 mg/kg thirc an (Bang 1 va Bang 2).

Trong Thi nghiém 5 va 6 (N6i dung 3), nham xac dinh ham lugng tdi wu ctia carotenoids
tir ngudn nguyén liéu dugc chon (duwa trén két qua cia Thi nghiém 3 va 4), cac mic bd sung
carotenoids lan luot & 300, 600, 900, 1.200, 1.500 mg/kg thirc dn cho ngudn thyc vat va 200,
400, 600, 800, 1.000 mg/kg thtic an cho ngudn dong vat (Bang 3 va Bang 4).

Cac nghiém thire dbi ching trong tat ca cac thi nghiém khoéng duoc bd sung carotenoids
(0 mg/kg thirc dn). Thay vao dé, luong dau twong dwong duoc bd sung dé dam bao sy can bang
dinh dudng gitra cac nghiém thac.

3.3.3. Phuwong phdp bé sung carotenoids vao thirc dn thi nghiém

Dé bd sung carotenoids vao thic an, dung dich carotenoids duoc chiét xuit tir cac
nguyén liéu thuc vat va dong vat (Bang 1 - 5) va bao quan trong dau dau nanh véi ham luong
dao dong tir 4,1 — 7,4%, tly thudc vao tirng loai nguyén lidu. Khdi lwong dung dich carotenoids
sir dung cho mdi cdng thie dao dong tir 3,11 — 20,60 g, twong trng véi ham lugng carotenoids
can bd sung (Bang 1 - 5). Trong qué trinh ché bién thic an, 30 g dau ddu nanh duoc tach riéng
ra khoi tong lwong dau trong cdng thuc (55,7 g, bao gom 30 g dau dau nanh va 25,7 g dau ca)
dé st dung cho viéc bd sung carotenoids. Sau khi xac dinh chinh xac khéi lwong dung dich
carotenoids can bé sung cho tirng nghiém thac, mot luong dau dau nanh bé sung s& duoc thém
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vao sao cho tong khdi lugng dau dau nanh st dung dat dang 30 g, bang véi luong dau dau nanh
cd trong cdng thirc thire an. Vi du, dbi véi nghiém thirc c6 ham lwong carotenoids thap, lugng
dung dich carotenoids sir dung la 3,11 g (cho cdng thac chia 250 mg carotenoids/kg thirc an,
Bang 1), luong dau dau nanh b sung s& 1a 26,89 g (30,00 - 3,11 = 26,89 g). Ty ¢ giita c4c loai
dau (dau ca va dau dau nanh) trong cong thirc di duoc tinh todn va can ddi dé dam bao ham
lwong lipid tong sb trong thirc dn thanh pham khong vuot qua 12%, phu hop vai nhu cau dinh
dudng cua ca khoang co nemo [50, 125].

Bang 1: Thong tin bé sung ngudn carotenoids thuc vét vao thire dn

Ngudn HL b6 sung HL carotenoids Luwong dau chita Luwong dau bo

carotenoids (mg/kg) trong dau (%)  carotenoids (g) sung (g)

Bi do 250 54 4,26 25,74
Ot chudng 250 6,7 3,43 26,57
Ca rét 250 6,1 3,77 26,23
Géc 250 7,4 3,11 26,89
Astaxanthin” 250 10,0 2,50 30,00
Pbi chirng 0 0 0 30,00

" Astaxanthin thiong mai, dang bét, chiza 10% tinh chdr astaxanthin. Sau khi cén, dwoc hda
trong 30 g dau va trén déu vao thic dn.

Bang 2: Thong tin bé sung ngudn carotenoids dong vat vao thic in

Ngudn HL b6 sung HL carotenoids Luwong dau chita Luwong dau bo

carotenoids  (mg/kg) trong dau (%)  carotenoids (g) sung (g)

Tring ga 250 4,1 5,61 24,39
Vo tom 250 53 4,34 25,66
Copepoda 250 6,3 3,65 26,35
Trang b¢ 250 5,8 3,97 26,03
Astaxanthin” 250 10,0 2,50 30,00
Pbi chirng 0 0 0 30,00

" Astaxanthin thiwong mai, dang bét, chira 10% tinh chat astaxanthin. Sau khi can, dwoc hda
trong 30 g dau va trén deu vao thic an.

Bang 3: Thong tin bé sung ngudn carotenoids tir 6t chudng vao thic in

Nguon HL bo sung HL carotenoids Luwong dau chita Lwong diu bo

carotenoids  (mg/kg) trong dau (%)  carotenoids (g) sung (g)

Ot chudng 300 6,7 4,12 25,88
Ot chudng 600 6,7 8,24 21,76
Ot chudng 900 6,7 12,36 17,64
Ot chudng 1200 6,7 16,48 13,52
Ot chuong 1500 6,7 20,60 9,40
Déi ching 0 0 0 30,00
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Bang 4: Thong tin bé sung ngudn carotenoids tir vé tdm vao thikc dn

Ngudn HL b6 sung HL carotenoids Luwong dau chira Luwong dau b

carotenoids  (mg/kg) trong dau (%)  carotenoids (g) sung (g)

Vo tom 200 53 3,47 26,53
Vo tom 400 53 6,94 23,06
Vo tom 600 53 10,41 19,59
Vo tom 800 53 13,88 16,12
Vo tom 1.000 53 17,35 12,65
Dbi ching 0 0 0 30,00

Bang 5: Thong tin bé sung ngudn carotenoids tir vé tdm vao thirc dn

Ngudn HL b6 sung HL carotenoids Luwong dau chita Luwong dau b
carotenoids  (mg/kg) trong dau (%)  carotenoids (g) sung (9)

Vo tom 600 5,3 10,41 19,59

Sau khi bé sung carotenoids va vitamin tong hop, thirc dn duoc tron déu trong 10 — 15
phut theo phuong phap tron tha cong hai buéc. Cu thé, ¢ bude dau, toan bd lugng dau duoc
nho tir tir bang xilanh/pipet vao khoang 10 — 20% tong lwong thirc dn, ddng thoi dao tron ky
bang tay két hop dung thia/diia inox trong it nhat 3 — 5 phdt, giup dau phan bd déu trén bé mat
thirc an. Sau do6, hdn hop nay duoc phéi tron vao phan thie dn con lai (80 — 90%, chia thanh
tirng phan nho néu can) trong mot té/chau inox, tiép tuc dao tron lién tuc trong it nhat 5 — 10
phut, dam bao sw déng nhét.

Thirc an sau khi tron duoc say khd & nhiét d6 thap (60°C, 8 gid) dén khi dat d6 am xap
xi 10%. MAu thirc 3n sau san xuat dugc phan tich thanh phan sinh héa (bao gdm protein thé,
lipid thd, tro va 6 4m) va ham luong carotenoids tong s6 theo phuong phap chudn cua Hiép
hoi cac Nha phan tich Héa hoc Chinh thic [20] va Ramamoorthy va Garcia-Romero [73, 162].

Cudi cuing, thirc an duoc chia vao cac tui zip nhé turong tng Vi khiu phan dn mdi ngay
cua ¢4, loai bo khdéng khi, boc kin bang gidy bac hoic ti den dé tranh 4nh sang va bao quan &
nhiét d6 < 4°C cho dén khi sir dung.

3.4. Phwong phap pha d9 man thi nghiém

1. Chuan bi nuéc bién ty nhién c6 d6 man 33%., da qua xir Iy.

2. Chuan bi nudc ngot, 1a nuéc may da qua xir ly bang cach suc khi manh va tiép xuc
v6i anh ndng mat troi trong 24 gid dé loai bo chlorine dur.

3. Pha loang nuéc bién 33%o v6i nudc may di qua xir ly theo ty 18 thé tich thich hop dé

tao cac maec do man thép hon. Ty I¢ pha tron dugc tinh todn dya trén cong thac sau:
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Ty 1& pha tron = (S_bién - S_muén) / S_muén

Trong d6: S_bién: D6 min cia nuéc bién ban dau (33%0); S mubn: D6 min mong
mudn. Ap dung céc thdng sé 6 man mong mudn theo cac nghiém thac thi nghiém vao cong
thirc trén dé tinh toan ty 16 pha nudc bién va nude ngot nhu sau:

D6 min 9%o: Ty 1& pha nude bién va nude ngot 12 (33-9) /9= 2,67 (v: V).

D6 min 15%o: Ty Ié pha nudc bién va nudc ngot 12 (33 - 15) / 15 = 1,20 (v : V).

Do min 21%o: Ty |é pha nudc bién va nudc ngot 12 (33 - 21) / 21 = 0,57 (v : V).

Do min 27%o: Ty |é pha nudc bién va nudc ngot 12 (33 - 27) /27 = 0,22 (v : V).

Dé tao mirc d6 min cao nhét (39%o), bd sung mudi hat vao nuéc bién 33%o. vai ty 16 6,0
g/L. Hoa tan hoan toan mudi hat bang phuong phap suc khi va khudy tron.

Kiém tra d6 man cua nudc bién ¢ cac nghiém thirc bang khic xa ké (ATAGO, Nhat
Ban) va diéu chinh twong wng vai tirng mic dd man thi nghiém.

Dé nudc 6n dinh trong 24 gio véi suc khi nhe va luu trix trong cac bé c6 thé tich tir 1 -
2 m3 dé str dung cho cac nghiém thirc thi nghiém.
3.5. Phan tich thanh phan sinh hda thirc in, co thé ca
3.5.1. Xdc dinh ham lugng protein

Phuong phap Kjeldahl 1a mot phuong phap phd bién dé xac dinh ham lugng protein
trong thuc pham va cac mau sinh hoc khac. Phuong phap nay dua trén nguyén tac phan huy
protein thanh amino axit bang axit sunfuric ddm dic ¢ nhiét d6 cao, sau d6 xac dinh lugng nito
sinh ra va quy doi thanh ham luong protein.

V6 co hdn hop gdm 0,3 g mau, 2 g chat xdc tac (K2SO4/CuSQ4), 10 mL HSO4 dam dic
trong 6 gio dén khi thu dugc hdn hop trong sudt hoic c6 mau xanh nhat cia CuSO, khi dé
nguoi. Sau d6, cho miu vé co chung cit dam bang dung cu chuyén dung, thém NaOH 40% vao
dén khi dung dich c6 mau den. Chuan bi cbc hing NHz gdm 25 mL axit Boric 3% va 3 giot
metyl do. Pat cdc hang ngap trong dau dng sinh han va bit ddu qua trinh chung cét, kiém tra
dau dng sinh han bang gidy qui tim dén khi gidy quy khong d6i mau thi két thic qué trinh chung
cat. Chuan d6 bang dung dich H2S04 0,1N.

Chi tiét phuong phép trong TCVN 3705:1990 vé Thuy san va san pham thay san -
Phuong phap xac dinh ham luong nito tong sb va protein thé.

3.5.2. Xdc dinh ham luong lipid

Xac dinh ham luong lipid bang phuong phap Soxhlet. Phuong phap nay dua trén nguyén
tic chiét rat chat béo bang dung méi hiru co va can khdi lugng chit béo thu dwgc sau khi loai
dung méi.

Han hop gdm 5 — 10 g mau dugc nghién véi khoang 20 — 30 g natri sunfat khan (Na,SO.)
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dén khi trg thanh bot kho, sau d6 goi kin dau lai va dat goi mau vao binh chiét cua may roi ndi
v6i binh cau & dudi. Cho ete vao binh chiét sao cho vira ngap 6ng goi mau. Bé ngdm mau trong
dung mdi khoang 3 - 4 gio hodc ngdm qua dém. Sau thoi gian ngdm mau, nang dng sinh han
I&n, cho thém ete vao binh chiét vira du dé chay xudng hinh cau, cho cho ete chay xudng hét,
cho tiép ete vao dén khoang 1/2 chiéu cao dng xiphéng. Lip dng sinh han vao va cho nuéce lanh
chay qua. Chung cat trén bép cach thay chirng 10 - 12 gio. Cha y diéu chinh bép cach thay sao
cho ete tuan hoan tir binh chiét xudng binh cau va nguoc lai khoang 6 - 7 1an mot gio, tranh dun
& nhiét d6 quéa cao (trén 60°C) lam hao hut dung mai.

Sau thoi gian chung cat, chd cho dung mdi chay hét xudng binh cau thi ngirng dun, dé
cho may ngudi bét thao 6ng - sinh han ra, 14y g6i mau ra khoi binh chiét. Lap lai ng sinh han
vao va chung cat tiép cho dung moi ngung hét 18n binh chiét cua may cat. Ngirng dun 13y binh
cau ra, cho vao ta sdy va siy & nhiét do 50-60°C trong 30-40 phit. Pem ra dé ngudi trong binh
hat am 30 phat va can. Lai say tiép 15 phit nita, && ngudi va can nhu trén. Sdy va can lap lai
cho dén khi khdi lwong giira hai 1an can lién tiép chénh léch nhau khdng quéa 0,001g.

Chi tiét phuong phap trong TCVN 3703:2009 vé Thiy san va sin pham thity san - Xéc
dinh ham luong chat béo.
3.5.3. Xdc dinh dp am

Phuong phép nay dya trén nguyén tic siy mau & nhiét d6 cao dé loai bo nuéc va tinh
khéi luong nudc mat di.

Can mau khoang 2-10 g dit vao dia siy d say khd va biét khdi luong. Dt dia chira mau
Va0 tu sy da dugc lam ndng trudc & nhiét do thich hop (thuong 1a 105°C). Say mau trong
khoang 2-6 gid (hodc qua dém) cho dén khi dat khéi luong khong doi.
3.5.4. Xdc dinh ham lwong tro

Phuong phap xac dinh ham luong tro tong sé trong thuc pham bang cach nung mau &
nhiét 4o cao dé phan hay hoan toan cac chét hitu co va xac dinh khdi lugng chit vo co con lai.

Can miu khoang 2-10g, cho vao chén nung da biét trudc khdi lwong. Mau thir dugc dbt
tir tir trén bép dién c6 16t ludi amidng cho dén khi chay hoan toan thanh than den (khi d6t khong
dugc dé mau thir chay thanh ngon ltra). Cho chén chira mau thir vao 10 nung, nang nhiét do tur
tir dén khoang tir 500 °C dén 550°C va giit & nhiét d6 do trong khoang 6-7h dén khi mau thi
thanh tro trang.

Chi tiét phuong phap trong TCVN 5105:2009 vé Thiy san va san pham thiy san - Xac
dinh ham luong tro.

3.6. Phan tich hoat tinh enzyme tiéu hoa cuaa ca
3.6.1. Xdc dinh hogt dé enzyme protease theo phwong phdp Anson cdi tién

Hoat d6 enzyme protease duoc xac dinh theo phuong phép Anson cai tién (Kunitz, 1947;
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McDonald va Chen, 1965), véi mot s6 diéu chinh nho. Nguyén tac cua phuong phéap nay 1a cho
protease tac dung véi co chit casein, san pham tao thanh 1 céc peptit ngan va axit amin, trong
d6 tyrosine chiém da s6. Ham lugng tyrosine duoc xac dinh bang phan ang mau véi thude thir
Folin-Ciocalteu va do @6 hap thu quang & budc séng 660 nm.

Han hop phan tng bao gom 5 mL dung dich casein 0,65% (w/v) trong dém phosphate
50 mM (pH 7,6) & & 37°C trong 5 phat va 1,0 mL dich chiét enzyme thd. Sau khi u ¢ 35,5°C
(37°C) trong 10 phdt, phan ung dugc két thic bang viéc thém vao 1 mL dung dich axit
trichloroacetic (TCA) 5% (w/v). Hon hop dugc ly tim & 10.000 vong trong 10 phdt va 2 mL
dich ndi dugc tron déu véi 5,0 mL dung dich Na;CO3 0,5 M va 1,0 mL thudc thir Folin-
Ciocalteu (pha lodng 1 : 4 véi nuéce cat). Sau 30 phit u & nhiét do phong, d6 hip thu quang cua
hdn hop duge do & budc song 660 nm. Ham luong tyrosine duoc xac dinh dwa trén dudng chuan
dugc xay dung tir dung dich chuan L-tyrosine.

Mau d6i chirng duoc chuan bi tuong tw, nhung dung dich TCA duoc thém vao trude khi
bd sung dich chiét enzyme. Mot don vi hoat d6 protease (U) duoc dinh nghia 1a luong enzyme
can thiét dé giai phong 1 umol tyrosine trong 1 phut & diéu kién thi nghiém. Hoat do riéng duoc
biéu thi dugi dang U/mg protein.

3.6.2. Xdc dinh hogt d¢ enzyme lipase bang phwong phdp chudn dp lién tuc pH-stat

Hoat d6 enzyme lipase duoc xac dinh bang phuong phap chuan do lién tuc pH-stat [189].
Nguyén tic ctia phuong phap nay 1a cho lipase tac dung véi co chét dau olive, giai phong axit
béo tu do, va xac dinh luong axit nay bang chuan d6 voi dung dich NaOH (0,05 N).

Co chét & nhii twong dau olive (20%) trong 2% gum arabic dugc chinh dén pH = 9. Hon
hop phan (rng gom 4 mL nhii twong dau olive, két hop véi 3,2 mL dung dich dém Tris-HCI (0,1
M, pH 7,2) va 0,8 mL enzyme lipase. Sau 30 phit phan tng, 16 mL acetone dugc thém vao dé
dirng phan &ng. Tién hanh chuan do hdn hop phan tng véi dung dich NaOH 0,05 N, st dung
khudy tir & téc d6 200 rpm. Chuan do duoc két thic khi dung dich phan tng dat dén pH = 9.

Mot don vi hoat d6 lipase (U) duoc dinh nghia 13 luong enzyme can thiét dé giai phong
1 pmol axit béo tu do trong 1 phit & diéu kién thi nghiém. Hoat d¢ riéng dugc biéu thi duéi
dang U/mg protein.

3.6.3. Xdc dinh hoat dj enzyme amylase bang phwong phdp ding thuéc thir DNS

Hoat 6 enzyme amylase duogc xac dinh bang phuong phap st dung thudc thir DNS (axit
dinitrosalicylic)[27].Nguyén tic ctia phuong phap nay 1a cho amylase tac dung véi co chét tinh
bot, giai phong maltose, va xac dinh lugng maltose sinh ra bang phan tng mau véi thuc thir DNS.

Hon hop phan ang gdm 1 mL dung dich tinh bot 1% trong dém phosphate 20 mM (pH

6,9) va 1 mL dung dich enzyme thich hop. Sau khi u & 20°C trong 3 phut, phan ung dugc dung

lai bang cach thém vao 1 mL thudc thar DNS. HAn hop sau dé duoc dun cach thay trong 15 pht

va lam nguoi vé nhiét d6 phong va thém vao 9,0 mL nudc. Do hap thu quang caa hdn hop duoc

do & budc song 540 nm. Lugng maltose giai phong duge xac dinh dua trén duong chuan maltose.
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Mau ddi chung duoc chuan bi tuong ty, nhung thudc thar DNS duge thém vao trudc khi
bé sung dung dich enzyme. Mot don vi hoat do amylase (U) duogc dinh nghia 1a lugng enzyme
can thiét dé giai phong 1,0 mg maltose tir tinh bot trong 3 phit ¢ pH 6,9 va nhiét 6 20°C. Hoat
d6 riéng duogc biéu thi dusi dang U/mg protein.

3.7. Cac yéu t6 mai trwong trong quéa trinh thi nghiém
3.7.1. Thi nghigm 1 — Mau bé

Cac thdng s6 mdi truong nudc trong qué trinh thi nghiém:

Yéu tb Nhiét d¢ (°C)

D06 man = DO TAN
Gia tri Sang Chidu (%0) P (mg O,/L) (mg N/L)
TB = SD 27,5+0,68 30,0£0,85 33,0+0,55 7,98+0,11 5,23+0,13 0,64%0,18

Min - Max 26,0-29,0 29,0-310 32,0-340 7,80-820 5,00-550 0,40-1,00

3.7.2. Thi nghiém 2 — D man

Céc théng sb mdi trudng nudc trong qué trinh thi nghiém:

Yéu tb Nhiét do (°C)

P06 min . DO TAN
Gia tri Sang Chidu (%0) P (mg O2/L)  (mg N/L)
TB = SD 27,3+0,55 30,1+0,53 33,1+0,49 7,93+0,21 5,31+0,23 0,66%0,21

Min - Max 26,0-29,0 29,0-31,0 32,0-340 7,80-820 5,00-5,60 0,45-1,00

3.7.3. Thi nghiém 3 — Nguén carotenoids thuc vt

Céc théng s6 mdi trudng nudc trong qua trinh thi nghiém:

Yéu t6 Nhiét d6 (°C) D6 min DO TAN

H
Gia tri Séng Chidy (%0) P (mg Oz/L) (mg N/L)

TB +SD 27,7+0,72 30,2+0,61 33,2+0,44 7,94+0,16 5,18+0,18 0,67+0,19

Min-Max 26,0-29,0 29,0-31,0 32,0-340 7,80-8,20 5,00-570 0,40-1,10

3.7.4. Thi nghigm 4 — Nguén carotenoids dgpng vit
Céc thdng s6 mdi truong nudc trong qué trinh thi nghiém:

Yéu té Nhiét d6 (°C)

Do min y DO TAN
Gia tri Séng @hicn (%0) P (mg Oz/L) (mg N/L)
TB £SD 27,8+0,59 30,3t+0,72 33,3x0,27 7,99+0,15 5,30+0,19 0,57+0,21

Min - Max 27,0-30,0 29,0-320 32,0-340 7,80-8,20 5,00-5,60 0,40-0,90
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3.7.5. Thi nghiém 5 — Ham lwong carotenoids ta 6t chudng

Céc théng s6 mdi trudng nudc trong qué trinh thi nghiém:

Yéu tb Nhiét d6 (°C) D6 min ’ DO TAN
_ . p
Gid tri Sang Chiéu (%0) (mg Oz/L)  (mg N/L)
TB +SD 27,4062 30,3+0,57 33,1+0,45 7,95+0,15 5,26+0,13 0,53+0,16

Min - Max 26,0-29,0 29,0320 32,0-340 7,80-8,20 5,00-550 0,40-1,00

3.7.6. Thi nghigm 6 — Ham lweng carotenoids te vé tom

Céc théng sb mdi trudng nudc trong qué trinh thi nghiém:

Yéu td Nhiét d6 (°C) D6 min ’ DO TAN
Gia tri Sang Chicu (%0) P (mg Oz/L) (mg N/L)
TB +SD 27,2+0,66 30,4+0,63 33,3+0,67 7,97+0,17 5,33+0,19 0,52+0,13

Min - Max 26,0-30,0 29,0-320 32,0-350 7,80-830 5,00-570 0,40-0,90

3.7.7. Thi nghigm 7 — Thei gian bé sung carotenoids tir vé tom

Cac thdng s6 mdi truong nudc trong qué trinh thi nghiém:

Yéu td Nhiét d6 (°C) D6 min ’ DO TAN
Gia tri Sang Shie (%0) P (mg O2/L) (mg N/L)

TB +SD 27,2+0,41 30,4+0,48 33,2+0,41 7,99+0,16 5,13+0,18 0,48+0,13

Min-Max 26,0-29,0 29,0-32,0 32,0-340 7,80-8,30 5,00-550 0,40-0,90

3.7.8. Thi nghiém 8 — Pdnh gid hiéu qua két hgp méi trwong va bé sung carotenoids

Céc théng sb mdi trudng nudc trong qua trinh thi nghiém:

Yéu td Nhiét d6 (°C) D6 min ’ DO TAN
_ . P
Gia trj Sang Chiéu (%0) (mg O/L) (mgN/L)
TB +SD 27,4+0,72 30,6+0,53 33,1+0,39 7,96+0,12 5,28+0,20 0,51+0,21

Min - Max 26,0-30,0 29,0-32,0 32,0-340 7,80-8,20 5,00-5,60 0,40-1,00
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