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Effects of the Dietary Protein and Energy Levels on
Growth in Fat Cod
(Hexagrammos ofakii Jordan et Starks)

Jong Kwan Lee and. Sang-Min _LEE.
National Fisheries Research and Development Agency, Kijang-gun, Pusan 619-900, Korea

Two-month feedmg expenmenl was conducted to investigate the optimum dietary protem level and
energy to protein ratio in fat cod (Hexagrammos otakii Jordan et STARKS). The fish averaging 29 g were
fed with one of the isocaloric diets containing 30, 40, 50 or 60% of protein, or with one of the
isoproteic diets containing 9, 10, 11 or 12 of avallable energy/protem (E/P) ratio.

Weight gain and feed efﬁuency increased significantly with dietary protein level up to 50%, then
decreased with 60% protein diet (P<0.05). Daily protein intake increased significantly with dietary
protein level, whereas protein efficiency ratio decreased with dietary protein level (P<0.05). Second
order polynomial regression analyses of percent weight gain and daily protein intake may indicate that
the adequate dietary protein level is 45% and daily protein requirement per 100 g fish is 1.5g for
maximal growth. Weight gain, feed efficiency and protein efficiency from fish fed the diet containing
12 of E/P ratio were significantly higher than those from fish fed the other diets (P<0.05). Daily feed
or protein intake from fish fed the diet containing 12 of E/P ratio was significantly lower than those
from flsl; fed the other diets (P<0.05). Daily lipid intake increased SIgmflcantIy with dietary E/P ratio
(P<0.05

Key words : protein requirement, energy to protein ratio, fat cod
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Table 1. Composition (%) of diet for protein requirement

Protein level( %)

Ingredients

30 40 50 60
Vitamin-free casein 1 3 5
White fish meal 38 50 62 74
Dextrin 28 19 10 2
Wheat flour 10 4
Yeast 2 2
Squid liver oil 5 41 32 23
Vitamin mix.! 3 3
Mineral mix? 5 45
Carboxymethy! cellulose 3 3
a-Cellulose 6 54 38 0.7

Nutrient content (%, dry basis)

Crude protein 295 39.3 486 576
Crude lipid 78 83 82 77
Crude ash 11.7 140 159 183
Crude fiber 82 75 5.8 25
Nitrogen-free extract® 428 309 214 139
Available energy (kcal/100 g)* 381 382 384 389
n-3HUFA® 18 19 19 20

' Vitamin mix. contained the following diluted in cellulose (g/kg mix): ascorbic acid, 92.7; a-tocopheryl
acetate, 14.5; thiamin, 2.1; riboflavin, 7.0; pyridoxine, 1.4; nicin, 27.8; Ca-D-pantothenate, 9.7; myo-inositol,
139.1; D-biotin, 4.2; folic acid, 0.5; p-amino benjoic acid, 13.9; Ks, 1.4; A, 0.6; D3, 0.002; choline chloride,

278.3; cyanocobalamin, 0.003,

2 Mineral mix. contained the following ingredients (g/kg mix): MgSQ, « 7H,O, 80; NaH.PO, - 2H,0, 370;
KCl, 130; Ferric citrate, 40; ZnSO. * 7H,0, 20; Ca-lactate, 356.5; CuCl, 0.2; AlCl, - 6H,0, 0.15; Ki, 0.15; Na,

56203, 001, MnSO4.H20, 2; CoCl; - 6Hzo, 1.
* Calculated by difference.

* Based on 4.5 kcal/g protein, 9 kcal/g lipid and 3 kcal/g NFE.

* Highly unsaturated fatty acids (C>20).
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ANEE BAAL (Table 1. AU P2 dextrint
oo ZHHE AHg3lo, RE AHARE 100g B 7
Lol A7t 385 keal 57} H=B 2R, A
g9 994 AF 2 &43E8 (NFE: nitrogen-free
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I 9} ARS ] ML Lee et al. (1996)9] Ao A
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Table 2. Composition (%) of diet for optimum available energy/protein (E/P) ratio

. E/P ratio
Ingredients
9 10 1 12
White fish meal 58 58 58 58
Dextrin 20 14 8
Wheat flour 8 8 8
Yeast 2 2 2
Squid liver oil 2 2 2
Soybean oil 6 12 18
Vitamin mix.! 3 3 3
Mineral mix.? 4 4 4
Carboxymethyl cellulose 3 3 3
Nutrient content (%, dry basis)
Crude protein 43.7 42.1 425 41.2
Crude lipid 6.5 127 19.0 273
Crude ash 152 14.8 14.9 15.1
Crude fiber 17 17 1.7 17
Nitrogen-free extract® 329 286 219 147
Available energy (kcal/100 g)* 392 427 459 502
Energy/protein ratio 9.0 10.1 108 122
n-3HUFA® 16 16 16 16
2345 Refer to Table 1.
Fedz outE oz AL AYd A (Table 3), T 2 %, o3 27), A8 Ui ALY 79 & AS

Ag 2 ARESEE BF 99 50% AtEoA 7HR
Ft, 9d 60% AR AFEAAE 2398 7
&3t 4 AP FAIX M 22 &E e
ot (P<0.05). €¥tE o2 © %9 A, 8T o
e A FFol AHHB Aol o o] 7jAH
7] & AelA FAHAY Ho AFFHEG da g
olAlE AFE Holn o™ (Barrows et al, 1988;
Cowey et al, 1972; El-Sayed and Teshima, 1992; Hi-
dalgo and Alliot, 1988; Lee et al, 1993a; Parazo, 19
90), Aol Rolzlt} strizte B Ho|Mel Zo]
As B g3o) 37490 Be 4% 2 ARk
&0] F7tEg7t 99 d 60% ALRAA F73] vl
A @ 30% AEET ff Yol AL o4t
E239 fAolt}. whdel] AR Wil o] e HAYPF
JHE B A A9 o] o] FH3] YolR A
T AIYE K (Santiago and Reyes, 1991; Siddiqui
et al, 1988) 5o} o}, o2 Rolo] el o

874 5& 1yt A A7t FeEojol & A
oz A7Ztdd,

gid g 7Fe o 74 Wyer FHHEY,
At 9] T A ko] & ojH AFAAE AER
gt} F3AQ Wgol AR du, AHE AR
e} 34 gho] @2}d 4 v} (Tacon and Cowey,
1985; Baker, 1986). & A= FA &L NER
OJAZ AF A Bl g PG wEE B A
(Fig. 1), Fxehv]e] ) 3] Bo§ ALg9] o
2 geko] 45% 2 st o] o] o]z AxA
o7 3% 9 Q7% o|AIAFAA A
A3H, & AESE JAAE AT 27%F (Moore
et al, 1988) & T3l= Add, d& Wwioz 3%
STFFEG FAN 2 Aol EAo|H (Zeitoun et
al, 1976), AtE @7t A AR Holgtn & & ¢l
2, HA4x 4FF02 BFE7) oFda FHu 9)
o} (Baker, 1986). ¥ H@lA o|xFAFHNo R
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Table 3. Performance of fish fed the different dietary protein levels after 2 months feeding trial'

Dietary protein level (%)

30 40 50 60
Weight gain (%) 147.74 3.04° 166.1% 2.61° 191.5+ 452 136.7% 0.70°
Feed efficiency (%) 42.1% 0.84° 4501 1.27¢ 51.6% 0.35° 37.6% 1.34°
Daily feed intake? 3444+ 0.072° 3,386+ 0.039° 3,511+ 0.069° 3282+ 0.199°
Daily protein intake? 1.015% 0.021° 1.331% 0.015° 1.707+ 0.033° 1.890+ 0.114°
Daily lipid intake? 0.268+ 0.005® 0.281+£ 0,003 0.289+ 0.005 0.253+ 0.015°
Protein efficiency ratio® 143+ 0,028 1141 0.035° 1.06% 0.007° 0.65+ 0.021°
Proximate analysis (%) of whole body

Moisture 73.6% 0.63° 7621 0.56° 742+ 077 74.7% 1.06®
Crude protein 174 1.06° 15.8+ 0.70° 17.1+0.35° 174+ 0.77°
Crude lipid 341 0.21° 16£021°  29+042" 2.1+ 042®
Crude ash 3.9+ 0.21° 441014 39+021° 43+0.28

' Values (meant s.d. of two replications) in the same row not sharing a common superscript are significan--

tly different (P<0.05).
? % of body wt.
* Body wet wt. gain/Protein intake.
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Fig. 1. Second order polynomial fitting of weight
gain to dietary protein level or daily pro-
tein intake (g protein/100 g fish).
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S7FE 2HEY, Fov 40% WY (Satia, 1974;
Zeitoun et al., 1973; Ogino et al., 1976; Beamish and
Medland, 1986), 21282 40% (Lee et al, 1993a),
Wol, #E % YA+ 55% (Takeda et al, 1975; Yone,
1976), A5E3 plaice (Plewronectes platessa) & 50%
(Kanazawa et al, 1980; Cowey et al, 1972), E53%
striped bass (Morone saxatilis) € 45% 2 47% (lkeda
et al, 1988; Millikin, 1983), gilthead bream (Chryso-
phrys aurata), estuary grouper (Epinephelus salmoides)
2 Fole 40% (Sabaut and Luquet, 1973; Teng et
al,, 1978; Hidalgo and Alliot, 1988) & X1 %o} it}
olgigt AT ZAAEH MI vl By B Ay
X FHE HAxeful DWE QT7F 45~50%
itol FME FUAEY £dvn Azddd =
g, @5olRe A, dojv 31~38% (Ogino and
Saito, 1970; Takeuchi et al, 1979), Y2}¥ o= 28~35
% (De Silva and Perera, 1985; Santiago et al., 1982),
v 71= 32% (Garling and Wilson, 1976), %10
< 40% (Zeitoun et al, 1974), BZAE 45% (Nose
and Arai, 1972)2 A Ho g £ 4g9 ] &
TFEG 9 $£Foit

dArMEAHEL HHT0 M2 o7} YL
U, 9 ANFEL ARy diE o) Z71E)
W2t 7M€ AFE RAT (P<005). @R AT ELS
AtE A Fo] FIMEFE FoskA gaHATG
(P<0.05). @93 a7F AL 22 A8 F 9 vy
A gHor BN gou wEgE EAHE @
WA 7S FUEQ gol7] fEo) g olgl
o F¥a FHoY AR Fojgo wel gy
(Bowen, 1987; Tacon and Cowey, 1985). ®# 3@ 8 F
g dAHQ gog A o d2s 9Es X
%3171 98, Tacon and Cowey (1985)%F Bowen (19
87 WA Q7 FE WY oS F 5tFd W
g guldol kg JddhilA gFor FAF A
S AISL Uk E AgedMe 7ha Aol 234
P79 dddAgA o] oJAF 100g T 17g
ojglom, oz AF MY e U g7
o] JHF 100g & 15¢(Fig D22 Yepgr,

AojA 9 #§ I A5 vl d &% 40~60%
TAAE Aozt goy, AlR B A 30% T
0% TR0 Fol8A B #e By (P<00s). ©

|
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AR /B E b

ALE Y duld g 2% AFE 1A oY
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=eulE 2097 2o 2 ALS A¥Y A 69~
74g7tAl 343G o, Table 401 EAS nlo} 2o
A& E/P ¥ 1290 4877 E/P ¥ 99} 109 A
A7RG foaA B3, AREEL EP ¥ 129
AZF7E ER v 11 AgT7Eg =gor (P<o.
05), 1 9 HFTEL M2 FAA7 Ak A
#Fol AY & E ¥ 129 AT ddAsy
A& 2 dEAFHE] MY wgo, AAMHE
2 oA a ge 7HE =t (P<005). o9 2 A
d ARENH FAxdv AlE9 AR E/P vlE 123
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AN Oh BA d3dd 2 2o 29889 3y
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qgoz AL EP W 7 BE)CE BT (Lee et
al, 1993b) o], & H¥9f HxHrRcd Y g
FEOIAY. A8l oFe AP GUA/ANA o) o
3 d7d 2Eg B dage} g~15 $9 13,
o719k gof 10 AF, Wol 2 vl 7~8 (Wang
et al,, 1985; Takeuchi et al, 1978; Page and Andrews,
1973; Garling and Wilson, 1976; Murai et al, 1985;
Winfree and Stickney, 1981; Lie et al, 1988; Takeda
et al, 1975; Shimeno et al, 1980) 2 YEl} F x|
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Table 4. Performance of fish fed the diets with different available energy/protein (E/P) ratios after 2

months feeding trial’

E/P ratio
9 10 11 12
Weight gain (%) 139.3% 3.60° 1421+ 452 1481+ 2.40° 1564+ 3.81°
Feed efficiency (%) 382+ 0.07* 377+ 212" 344+ 1.06° 404+ 1.69°
Daily feed intake® 3901+ 0.060° 3.975% 0.060° 3.956+ 0.001° 3.640% 0.009°
Daily protein intake? 1.703+ 0.026° 16751 0.025° 1.681£ 0.000° 1.500+ 0.004*
Daily lipid intake® 0.253% 0.003° 0.505+ 0.007° 0.751% 0.001° 0.994+ 0.002¢
Protein efficiency ratio® 0.87+ 0.007° 0.89% 0.049° 0.81+ 0.028° 0.98+ 0.042°
Proximate analysis (%) of whole body
Moisture 75.1% 0.56 7461 091° 749+ 042 7441028
Crude protein 16.9% 0.98° 1761 0.28° 16.3+ 0.00° 17.0£ 007
Crude lipid 221 0.21° 2.1+ 0.00° 31£035 3.01021°
Crude ash 401007 4.1+ 035 3.9+0.28° 41%0.28°

' Values (meant s.d. of two replications) in the same row not sharing a common superscript are significan-

tly different (P<0.05).
2 % of body wt.
* Body wet wt. gain/Protein intake.

gl do] oA o2 AR EHE AE HLAA A
89 duldo] Yo HUg o] FHEEA AR Y]
£& ZaAg & drh oy duA doast 2
o Ao dFe F2 qUALLZ Ao} g3t
g #3& 2A% 4759 910 (Beamish and
Medland, 1986; De Silva et al, 1991; Degani and
Viola, 1987).

HojAle] & A 2 P FFL AR o
WA gkl d&s wA o, Ad #Fe o
UA7b £& ALEQ E/P Ml 1134 12 AL £9)
Ho 2 ¥ gg BAY P<005). AEY A #
o] F7Heol wet 89 o7t ofA A A ek
S F7HA FAol FAeo] Atdtts B (Lee
et al, 1993b; Page and Andrews, 1973)= lth &
Ao Mz AbR Y oufA] Fhako] golle] wet A
ojdle] A A ko] Fisted DEP ¥ 1% 12 A F
T7HE AETEY fYF 02 FUtETE ey
(P<0.05), FAHeR & zlo]E T

(@) OF
s =

Aedvls) e 47Fe 248 A3 A

7 2golag pudes sd, ARe gud ¢

Zko] 30, 40, 50, 60% 7+ HEE

239 439 294

g9 A5 AA QA FE FAE] A3 M
Azl A (E/P) HI7} 9, 10, 11, 129] 4% <] A ¥
AEE 47 dAEY ASAEE AAEEY.

29g A¥ Axvlg
gHg outH o7 AlE A3

4G Atee Bed F
& 4% SAE % AE

Age ¥ wwd 50% ARAAN M Egn @

WA 60% ALEAA AZEDE 238

st o)

297 FoI4 Hg Fe e YT (P<0gs).
F9 eoz ARATAGAN AL A
#3% 2% ) v

2 3lo] gld gt
Q7 Fo] 45% 2 ‘JrE}kM. JAAI B S
el A2 o7t gllony, dAAS

& Ay7
ge Az

w9d $go] 37189 B ke BB 2Y
o, eudae A2 €4 Ul 34948
FASA BABEY (P<0td). 48 HAe) ERT

AT dgdaN g gol oAF 100g 2

17¢g

ojglom, oz AFHGME U 3—?3‘:
o] o)A% 100g F 1.5g2 2 Ve HojH)e

B Az B

L6 B

e 40~60% TFHAA =

Aol

Aoy, Atg G E 30% T 40% TR F98H
2o e BYd(P<005). 9HES IE FFe

470



AR B9d 2 ouA Fo] Axde] A3 AT 9F
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