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Abstract

Growth and flesh quality of cobia fed with increased lipid and reduced protein diets and
increased carbohydrate and reduced lipid diets were determined. Test diets 1-4 contained protein/
lipid/carbohydrate ratios of 40%/6%/31% (control), 36%/10%/33%, 36%/6%/36% and 36%/4%/38%,
respectively. Groups of fish with an initial weight of 35 g were stocked in 3x3x2.5 M cage in Sri Racha
Bay, Chonburi province, with stocking densities of 25 fish per cage and fed each diet to satiation
once a day for 6 months. The results showed that the growth and feed conversion ratio of fish fed
diet 1 were significantly better than those of fish fed diets 3 and 4 (p<0.05), but not significantly
different from those of fish fed diet 2 (p>0.05). The protein efficiency ratio and flesh protein retention
of fish fed diet 2 were significantly better than those fish fed other diets (p<0.05). There were no
significant differences in condition factor, percentages of flesh and other organs, hepatosomatic and
viscerosomatic indices among fish fed all test diets (p>0.05). The flesh protein contents of fish fed
diets 1, 2 and 4 were not significantly different (p>0.05), but significantly higher than those of fish
fed diet 3 (p<0.05). The flesh lipid contents of fish fed diets 1 and 3 were not significantly different
(p>0.05), but significantly higher than those of fish fed diets 2 and 4 (p<0.05). From this studly, it was
observed that the cobia diet for 35-800 ¢ could reduce protein from 40% to 36% calculated as a

reducing rate of 10%, and increase lipid from 6 to 10%, calculated as an increase rate of 66.7%.
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Table 1 Ingredient composition of test diets (%)

Ingredients (%) Percentages (P/L/NFE’)
Diet 1 Diet 2 Diet 3 Diet 4
(40/6/31) (36/10/33) (36/6/36) (36/4/38)

Fishmeal 30.00 26.40 26.40 26.40
Poultry byproduct meal 12.00 10.56 10.56 10.56
Meat and bone meal 5.00 4.40 4.40 4.40
Soybean meal 19.00 16.72 16.72 16.72
Bakers yeast 2.00 2.00 2.00 2.00
DL-Methionine 0.08 0.15 0.15 0.15
Wheat flour 19.00 19.00 19.00 19.00
Broken rice 9.02 12.30 16.30 18.07
Tuna oil 1.00 1.30 1.30 -
Soybean oil 0.20 0.20 0.20 -
Palm oil - 4.27 0.27 -
Vitamin premix** 1.00 1.00 1.00 1.00
Mineral premix" 1.00 1.00 1.00 1.00
Vitamin C 35% (stay C) 0.38 0.38 0.38 0.38
BHT 0.02 0.02 0.02 0.02
Calcium propionate 80% 0.30 0.30 0.30 0.30
Total 100.00 100.00 100.00 100.00

Remark *P = Protein, L = Lipid, NFE = Carbohydrate calculated by 100% -sum of other nutrients
**V/itamins (g/Kg) : 81 18, BZ 20, B3 85, B5 60, B6 17, B12 0.02, Folic acid 4.4, Inositol (98%) 150,
Choline chloride (50%) 500, Biotin (2%) 0.2, A/D, 1.18, E (50%) 30, K (50%) 4.2 (modified from [10])
***Minerals (g/Kg) : NaHZPO4‘2HZO 600, CaHPOL1 100, KCL 90, MgSOA.YHZO 80, NaCl 40.44, FeSOa]HzO 20,
ZnSOA‘YHZO 36, CuSOa.SHzo 2, MnSOA.HZO 18, NaF 1, NaSeO3 0.2, CoSO410.36, Kl 2 (modified from [10-11])
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Table 2 Biochemical composition of test diets (%)

Parameters Percentages (P/L/NFE)
Diet 1 (40/6/31) Diet 2 (36/10/33) Diet 3 (36/6/36) Diet 4 (36/4/38)
Moisture 9.46 9.20 9.63 9.82
Crude protein 40.03 36.01 36.06 36.10
Crude lipid 6.12 10.05 6.08 4.25
Crude ash 11.77 10.54 10.57 10.72
Crude fiber 1.49 1.33 1.42 1.38
NFE 31.13 32.87 36.24 37.73
Total 100.00 100.00 100.00 100.00
Energy (Kcal/100g) 409.94 431.90 408.28 397.23

Remark Energy calculated by protein (x5.6 Kcal/g), lipid (x9.5 Kcal/g) and carbohydrate (x4.1 Kcal/g)
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Table 3 Growth, feed utilization and survival rate of cobia fed with test diets for 6 months

Parameters

Percentages (P/L/NFE)

Diet 1(40/6/31) Diet 2(36/10/33) Diet 3(36/6/36) Diet 4(36/4/38)

Initial weight (g) 35.43+0.32°
Final weight (g) 786.35+22.62°
Daily weight gain (g/day) 4.17+0.13°
Initial length (cm) 18.00+0.50°
Final length (cm) 45.23+0.75°

Daily length gain (cm/day) 0.153+0.006°

Survival rate (%) 83.00+2.65°
Feed intake (g/fish/day) 6.47+0.29°
Feed conversion ratio 1.55+0.06"
Protein efficiency ratio 1.61+0.06"

Flesh protein retention (%)  11.56+0.41"

0.150+0.000°

35.30+0.20° 35.23+0.32° 35.27+0.21°
739.13+44.91%°  680.44+14.90°  656.50+40.92°
3.91+0.25% 3.59+0.08" 3.45+0.22°
18.13+0.25° 18.23+0.68° 18.07+0.51°
45.13+0.21° 44.57+0.25° 44.37+0.38°

0.147+0.006° 0.147+0.006°

84.00+4.00° 77.33+2.31° 78.67+6.11°
6.26+0.23° 6.19+0.06° 5.94+0.65°
1.60+0.04° 1.73+0.03° 1.72+0.06°
1.74+0.05° 1.60+0.03" 1.61+0.09"
13.18+0.38° 10.48+0.16° 11.76+0.65°

Remark Different superscript in row means significant difference (p<0.05)
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Table 4 Physical characteristics of cobia fed with test diets for 6 months

Parameters Percentages (P/L/NFE)
Diet 1(40/6/31) Diet 2(36/10/33) Diet 3(36/6/36) Diet 4(36/4/38)
Condition factor 0.81+0.04° 0.83+0.09° 0.75+0.05° 0.74+0.10°
Flesh percentage (%) 37.04+2.51° 39.45+1.11° 35.38+3.85° 38.06+2.46°
Hepatosomatic index (HSI, %)  1.44x0.12° 1.21+0.24° 1.08+0.28° 1.10+0.24°
Viscerosomatic index (VSI, %) 7.04+0.30° 7.44+0.64° 7.86+0.46° 7.59+0.14°
Other organs percentage (%)  54.48+2.63° 51.90+1.85° 55.69+3.09° 53.25+2.71°

Remark Same superscript in row means non-significant difference (p>0.05)
Initial CF and flesh, liver, visceral mass and others percentages were 0.60, 43.28, 2.35, 12.70 and 41.67%,

respectively

Table 5 Biochemical composition of flesh and liver of cobia fed with test diets for 6 months

Parameters Percentages (P/L/NFE)
Diet 1(40/6/31) Diet 2(36/10/33) Diet 3(36/6/36) Diet 4(36/4/38)

Flesh

Moisture (%) 76.45+0.37° 77.15+0.21° 76.85+0.17° 76.84+0.22°
Crude protein (%) 19.54+0.47° 19.34+0.16° 18.76+0.14° 19.33+0.20°
Crude lipid (%) 2.34+0.13° 1.88+0.01° 2.32+0.09° 2.04+0.04°
Crude ash (%) 1.51+0.05° 1.38+0.04° 1.35+0.04" 1.33+0.01°
NFE (%) 0.17+0.01° 0.2620.03° 0.73+0.01° 0.46+0.05"
Liver

Moisture (%) 66.28+0.22° 66.92+0.14° 67.26+0.22° 66.40+0.25%
Crude protein (%) 12.75+0.08° 13.03+0.05° 14.05+0.01° 13.94+0.16°
Crude lipid (%) 12.14+0.05° 12.07+0.07° 12.40+0.04° 12.40+0.13

Remark Different superscript in row means significant difference (p<0.05)
Initial fish flesh had values of moisture, protein, lipid, ash and NFE were 76.15, 20.04, 2.03, 1.57 and 0.21%,

respectively
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ﬂmmwﬁw'%LmﬂizﬂﬁwmaaaﬂdaaisasL’Jm
nsvaaosiien deil gamnfoglutng 24.5-30.5°C
AuANeglugag 22-32 ppt USunaueendiaud
azmaﬁ’lagﬂuﬁdqq 5.00-7.60 mg/L mnstdunsaaig
aglugae 7.4-8.6 Aulusnseglugag 105-125
ppm wolullesinegluyie 0.05-0.60 ppm wae
Tulmsviaglurig 0.002-0.150 ppm

3.2 39130l
Tunsfnwilldtnunssdulsiunaaey
avanfte 40% Fudurduhdmivomsuamea
Auilornn 20-50 ¥y uazfmualusiumanie
36% delndiAnsrulusiu 35% Mdumdumdmiu

Yamezianuilovuin 300 nsu Yuld e

v
§ o

nstunzifouomsdniiivesnsudszas [12]
Tnguaveunziaiiminisudulszana 35 ndy
waztinudanisnaansoglutig 656-786 ndu
fafuormnaaesiiiusiunuaenadesiuinasi
wmsgIuMsKare Ve mgiaiuie uenani
gmsgasauAuiinisimuaseauluiusiy 6%
Fudurtusdmiuomsuadounsiavunadni
fanudosmslusiutushaniio 40% [13] wuiian
fdsadagomsidlusiu 36% wazlusfu 10%
wigivle TensuanifouarUstansainnisld
TUsfuanownslndifesiulafidesheeimsges
MuANTTUsAY 40% uazlusiu 6% wandliifiuin
Yarnaglanaseuainludusazaisiulawnsaly
msifisanenazannsidlusiuduumamdsenu
lan3eI3unI1 Protein sparing effect [14] Tngianng
wdaanluhudefieuiuemsgnsniuaumui
lushuluemagastiiiutu 4% vaeiinslulawse
Wadudies 2% Fadufinsufuiiletuduumes
wianussAvEnmgeandmiunisaiimdaany
flduselovild (Metabolizable energy, ME)

nasunas19nluTuliauinninlusiunas
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Astulawmsauseanal 2 Wi wag 4 i eudsu
[14]

YuzfionmsAalusiu 36% uazlasiu 4%
nioluiu 6% dwallanasyulanaziionsuan
{Hedovas LﬁaL%Ufﬁ”‘uﬂmﬁL?}ymvﬁywmmiqm
AuAu Taeiia 2 gustl daslulewsmdfistu 5 was
7% laiieufiuensgnsauny suadu Wululs
Tmasuantytunazansiuleinsaliiioame
dwsunisiasiuls Yandedndusedddndsnuain
TUshu [14] vlvnmsisgivlnanasiazdnsiuan
Lﬁaqﬁuﬁﬂﬁﬂénmﬁwﬁu yenaniiffmuinvand
Bosdheawnaie 2 gastl Slesilusugandani
Lﬁyaqéhaa’luﬁqmmwjuLLazmmiﬁﬁiﬂiau 36%
wagludy 10% wasdilvsdunizmuanlduassovay
ye0¥onzaslureslaiiidsidigemsi 2 qns
i wnnindheufy Faunfnannsaanslusiy
liansensauiuwazavanlugulodu [14-15]
yonaniafiasedneemisie 2 gjmﬁ Alushiuly
é‘fugqmh‘dmﬁLﬁyméhamms@mmuammzmms
fiUsiiu 36% wazlusu 10% wWuiy Feues
Hunsdrsesiusiiudmsumsadrandanudsiingnn
119190 Y dawaliinisunlusiuainemsivasng
AULDTYLAUIATDITNNIEANA LTU NITATINAN
Wosziiulganlusauluiloveslanidoeiig
oI 2 gustl Sentesninafidesdasems
gRImUANLATOMSTITTUSAY 36% waglusiu 10%

TumsAnuninuimsidfialatiuan 6 Ju
10% Andusnsinsfiuduyindu 66.7% e
ansgaulusiuluemmsuanteunsiaann 40 wae
36% 1o Andudnsinisanaawnniy 10% LQu
WennunsnaaedluUaluenlauin uwsalay YU
2-5 Alansa finsiialasiuluemsan 33 18u 36%
Frwanlusiuluemsan 40 wde 35% e laeld
nsgnunsiasivlanaznsldusylovdenms [5)
wIsudluan1naasslulal Wuchang bream auin
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2-20 ndu fimssinlusuluemnsann 4 Ju 7% de
anlusAulue1msan 31 uag 35% Wwde 27% A
Wity [6] Weinsanludwssnisanludusaziiia
aslulansaluommsuardeunsiavesnisneni
wutWanfiasedsemsiusAuasivinfy 36%
wazanluduain 10% wde 6 waz 4% uasidiu
aslulawmsnann 33 W 36 uay 38% mudsU
bivanasaulanazldussloviionmsaesnia
UanTidadeemsTusiu 36% Tuifu 10% Fauana
THiuInaswaiteunsiavun 35-800 n3u
FaeenITIUsSAY 36% asivualiiluduly
gmslisngt 10%

Tnesaulusiuluemswiniu 36% oy
inalusiumtusdmsumsaiyiviavesian
ToUNZIATTYLTITUY dosnuanilidseemsii
fsvsulusiuinsaiulnlndifesiulaniiaodie
pwnsTIUsAY 40% satuilafinsanndsauly
aslasnisanlususaziinandlulansndavitls
Aoainsas1enasnuanlusiuuardaalidaile
sulusAuliifisanadmsunisasgydivle agisls
Amy Msneaedlulaideunsiavuin 15-90 nu
wuansaanlutuain 19% wde 8% uavifia
aslulawmsnann 8 1B 33% 1§ dwsuarmsiidl
TUshu 44% lnglunsgnunisiasydulauaznsld
Useleationns [16] Wuheiiuiunismaassiuyan
Black sea bream wu1a 0.5-5 n¥u 71 @ansoanie
ua1n 15% wide 8% wasiiiua1slulewsnann 5
Ty 18% 16 dwsuemsialusiu 47% [17] Fata
goamsvaassindseuluemsuiiuenudeinis
lvlanfuenmnstesasiaslasulusiutosamiu
e definsaandsnuluemsinenisanlaiu
waztfinedlulemsnIwilrlanivemslantunay
wiegiulniizu
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4. a3d

wamsvaasstiagUldinannsnanlusivly
91915UaRUNZLaIUIN 35-800 AT 210 40%
wide 36% Andushsinsanaaiiiiu 10% waziiiy
Tosfuan 6% Ty 10% Andusmsnsiiutuwindu
66.7% laglifinansznusionisiaseduls Asly
UslomdomnsuasUSnalusavluile uiiinalile
thluileanas drunsaslatiuain 10% wide 4 wie
6% waviiinpsiulawmse dmsueimsiiilusiiu
36% yvirlilaniinisiasaivle nslauszlogu
pnsuarUSnalusivluioanas urleslude
Tosfufiua

5. AnAnIsNUIZNA
AzEIBYRTRUAMAIINUAMENTTUNT
duasuiverenas 3duuasuianssy (anaq.) 9
anfuanusuysznalumsinide Ussitaudssana
2565 st smhsnuiidismaelunis

o @
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