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TA#LE B BUK-EA L E S AE BT R RV £ KT &E AL A 43 F0
B R =2 0

RO, WEB, KU, KB, Uk, Ba&, THW
( , 315211)

WE: e, suhfRAZEZTGRRFARTOMAKFESANA 31.5%. 35.0%. 38.5%. 42.0%.
45.5%. 49.0%49 X I4A At . L IRA44 34 £(3.99£0.08)g #) 44 B B WK(Sepia lycidas)540 2, R AR, 6 40,
HHIANETL, BANAETL30 R, £REAV: WA MO ERBEIBRCEETR. HEAKRE, REF)
HERAREZEORAKTH 4591%H A2 K&, RS FEORAKTH 49.72%0 £ F R 2 F(P>0.05)%h, 5
o &3 B F £ F(P<0.05). FIH A HK M E A RAKTHOHAZEAKGE Y, EAREGRATH
45.91%0 A 3| BAK, RFAKTIR 49.72% 506 i 520, BO MK EMERAH T EORKFHH SR
B F T B (P<0.05). 4#%&a R AKFHRHEL ALY m R 2 H(P>0.05). §Eabk. MEGHE. W
8 AE Wy B o AT RE AR EALA AR B M, RAAT R QR AK-F a9 m 2 A B e Y, B EAHEZER
KA 4591% L5 R G, §EOBAMEOIERREEGRAKTEH 42.22%0 £ 7 R B F(P>0.05)
S, B At R B F E F(P<0.05); A5 Ry EEA AT IEAR R AL LB E R S A Ml HREE R
(P<0.05), /W id e A B & v ) AR B, BT IR R 4% R B An 6 45 R B E M AT & G R KT 4938 m 2 8
FERBEGAEL, BEARBZAREKTED 49.72%HEF KR, 2EFHTH 4591%28 565 L b 22
(P<0.05); M4a#& & K- AT AR BE B B 75 %o R B 2 (P>0.05). BIRILAAE & R AR EE K
KF 4591% 4B R G, BES TR 49.72%A 49 b & 240(P<0.05); IS A B %Ik, REKTH
HoZ-40(P<0.05); LK Ko Aot R 54 & R ZE A& G R AKF %0 (P>0.05), 408 &4 K AT H
(4~10 g)Be & HE B 69 F @ KT A4 4591%.
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(SOD) s S ,
(131 ( 2~3 cm, 0.5~1 cm)
6 R , -20°C
( 1
4~10 g) -1 3 5
1.2 R RAFAREE
’ 2014 6~8
’ (21.11°N, 110.24°E), R
I . (3 mx
1 ﬁﬂiﬁﬁ& 4 mx1.5 m) ( 60 cm,
1.1 ﬁl’ﬁ\fi’éij- 20 cm) R 1 49.72%
i 8d ,
31.30% 34.92% 38.54% 42.22% 540, (3.34=+
45.91% 49.72% , 80 , 0.22)cm, (3.99+0.08)g, 6
s 3 R 30
F 1 R ARHEA KR EF KT (T RER)
Tab.1 Composition and nutrient levels of experimental diets (DM basis)
(%0)
31.30 34.92 38.54 42.22 4591 49.72
20.20 25.60 31.00 36.50 42.00 47.70
22.00 22.00 22.00 22.00 22.00 22.00
5.00 5.00 5.00 5.00 5.00 5.00
25.40 20.50 15.50 10.50 5.40 0
o- 12.00 12.00 12.00 12.00 12.00 12.00
5.90 5.40 5.00 4.50 4.10 3.80
2.00 2.00 2.00 2.00 2.00 2.00
5.00 5.00 5.00 5.00 5.00 5.00
0.50 0.50 0.50 0.50 0.50 0.50
0.50 0.50 0.50 0.50 0.50 0.50
1.00 1.00 1.00 1.00 1.00 1.00
0.50 0.50 0.50 0.50 0.50 0.50
100.00 100.00 100.00 100.00 100.00 100.00
92.66 93.14 92.32 92.57 93.89 92.29
31.30 34.95 38.54 42.22 4591 49.72
9.48 9.44 9.60 9.56 9.61 9.73
7.29 7.83 8.23 8.82 9.16 9.75
(MJ/ kg) 16.23 16.27 16.17 16.25 16.21 16.17
(g/MJ) 19.29 21.47 23.84 25.98 28.32 30.75
1) : VA 4200 1U, VD 2 200 IU, VE 20 mg, VK 12 mg, VB, 10 mg, VB, 10 mg, VB¢ 12 mg, VB, 0.008 mg,
30 mg, D- 30 mg, 3 mg, 0.2 mg, 60 mg; 2) : MnSO44H,0 10 mg, CuSO45H,0 1.5 mg, 0.99%

KIO; 0.6 mg, 1% Na,SeOs 0.05 mg, NaCl 2.5 mg, KI 0.5 mg, CoCl,"6H,0 0.05 mg; 3) s

, 4 (8:00 11:00 14:00 15% 10

17: 30) (1 ), 2, 80%,
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20~23°C, 20~217, >5 mg/L, (Hepatosomatic index, HSI, %),
pH  7.4~7.8 30 d (WGR, %)=100x( _ Yo
13 H#&kEF (SGR, %/d)=100x(In “In
)/ ;
’ 5 1204 . (SR, %)=100x / :
’ ’ (FO)= I - )
’ (PER, %)=100x( _
, —80°C , )/ _
. _ OC b
’ ’ 20 ’ (CF, glem’)=100x /%
(HSI, %)=100x /
=+ (Mean%SD)
1.4 WU BRI 75 % SPSS 18.0
105°C , (One-way ANOVA), (P<0.05) ,
550°C , Duncan
’ 2 ERG
1.5 BEEE BRI ik 2.1 AAHEGFAKERIE LA K AT
4 ( £ KM
2
) 4 ( )
)
45.91% ,

(A0S0-1 A080-2 CO16 )
0, 0
A054  C009-1 CO10-1 A059-1 A00I-1) 45.91% - 49.72%

(P<0.05)
1.6 #BEHI 5 , 45.91% (2.57£0.27),
(Weight gain rate, WGR, %) 49.72%

(Specific growth ratio, SGR, %/d) ,
(Survival rate, SR, %) (Feed conversion 31.30% (29.02+2.02 )%,
ratio, FC) (Protein efficiency ratio, PER) 49.72% (23.06+1.93 )%

(Condition factor, CF, g/cm’) (P>0.05)
F2 AMEARKENEESHEKITHEKERMZN
Tab. 2 Effects of dietary protein level on growth performance of Sepia lycidas during early growth period
(%)
31.30 34.92 38.54 42.22 4591 49.72
(g) 4.01+0.08 4.03+0.02 3.96+0.05 3.92+0.07 3.97+0.06 4.01+0.05
(g) 6.67£0.27° 6.82+0.30° 7.8340.42° 8.83+0.32° 9.62+0.54¢ 9.70+0.45¢
(%) 65.26+26.52% 66.33+£17.27% 96.56+28.07°  123.25+10.82° 147.90+15.73%  143.87+23.23¢
(g/cm3) 3.84+0.42 3.72+0.14 3.71+£0.20 3.73+0.17 3.96+0.18 3.94+0.28
(%) 4.02+0.16 3.97+0.29 4.03+0.20 3.86+0.25 3.98+0.15 4.09+0.25
(%/d) 1.72+0.07° 1.81£0.10° 2.29+0.07° 2.73+0.06° 3.00+0.01¢ 2.96+0.05¢
5.24+0.15° 5.05+0.17° 3.77+0.23° 2.93+0.11° 2.5740.27¢ 2.60+0.16¢
(%) 44.00+3.46° 45.33+5.15° 58.33+2.32° 67.0242.37° 73.78+2.10¢ 73.33+2.63¢
(%) 29.02+2.02° 28.73+2.54% 28.27+1.87* 26.79+1.96° 25.13+£2.32° 23.06+1.93¢

(P<0.05)
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22 BAREE R BB Bk KA (P<0.05)

WU B4 84 % 71 2.4 ﬁﬂ%élﬁ‘vﬁ—‘?—iﬂ‘iﬂﬂﬁﬂ'&i%ﬁﬁ%ﬂ
3, 45.91% JT B B 75 M 64 B v
: (14.86+0.17)%, 5 ,
49.72% (P<0.05); ,
(0.12+0.01)%, (P<0.05); 49.72% :
45.91% (P<0.05);
(P>0.05)
2.3 i’ﬁ]?‘lﬁ%%é})ﬁ‘mjﬁ?—xﬂ-ma kA K FT : 45.91%
H 4&%/@‘ M 84 &5 v > (P<0.05);
i (P>0.05)
C 3w
45.91% , 42.22%
45.91% 3.1 FARZaRAKFAEE G RAE KT
(P<0.05), 45.91% A KM
(P<0.05) ,
, [14]
45.91% s (Sepiella maindroni) ,

F3 AREARKENEESHAEKAHANA KSR 0GEERA)

Tab.3 Effects of dietary protein level on muscle composition of Sepia lycidas during early growth period (fresh weight basis)

. (%)
(%)

31.3 34.92 38.54 42.22 45.91 49.72
73.68+1.03 73.75+0.79 74.45+0.33 74.63+0.24 74.61+0.65 74.8+0.56
14.16+0.23° 14.20+0.13% 14.3620.08° 14.43£0.12¢ 14.86%0.17¢ 14.77+0.24¢

0.16+£0.01° 0.160.01% 0.15+0.01° 0.14+£0.01¢ 0.12+0.01¢ 0.14+0.01¢
1.53+0.05 1.56+0.03 1.47£0.07 1.59+0.03 1.56+0.04 1.42+0.08

x4 AREBRKEXNEE SWEKETHE LS TR

Tab. 4 Effects of dietary protein level on intestinal digestive enzyme activities of Sepia lycidas during early growth period

(%)
31.30 34.92 38.54 42.22 45.91 49.72
(U/mL) 4.74+0.34° 5.40+0.56° 6.86+0.27° 8.09+0.52¢ 8.35+0.43¢ 7.73+0.61°
(U/mgprot) 824.86+45.25°  917.3+33.14°  939.41+21.22° 1112.81+28.56° 1135.75+23.24° 1020.66+33.52¢
(U/gprot)  197.97+48.71*°  173.51£5.65°  154.62+5.62° 150.445.51°  141.66+6.67%  157.36+6.43°
(U/gprot) 18.79+0.64% 20.82+0.63" 21.2+0.53° 23.26+0.62° 25.37+0.67¢ 24.61+0.38¢

x5 AREBBRUKTXEB S WA KH AT ATEEE 1T A S 0T

Tab.5 Effects of dietary protein level on liver enzyme activities of Sepia lycidas during early growth period

(%)
31.30 34.92 38.54 42.22 4591 49.72
(U/gprot) 34.83£0.16°  34.5240.12°  36.95+0.18°  37.13+0.19°  38.68+0.16°  38.97+0.24°
(U/gprot) 57.26£0.28*  59.36£0.07°  65.21£0.11°  64.64+0.17°  67.87+0.16°  68.20+0.12¢
(U/L) 33.81£5.53  34.64+4.27  35.16+3.62  34.13+6.14  3538+3.70  35.25+3.54

(Ulgprot)  76.63%3.72°  79.26£0.96*  90.18+0.71°  91.48+0.63° 107.12+0.97° 97.96+2.32¢
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45.9%~51.5%; ) >

[15]

[16-19]

’ 3.3 MAMEE@RAKETME & IRA KA

45.91% , o .
' H P B P 49 o
( 34.92%) ,
( 45.91% ,
) , (Clarias fuscus)?* (Apostichopus japonicus)™™

[21]

; Mukhopadhyay %
[14] , 50%
( 34.92%) ,

s 3~4 d s
’ ’ ’ [16] ’
’ [24]
) , 49.72%
> 45.91%
32 MAHEGRATABE WA RTH ’ T2
ALK B4 89 % v ’
) 45.91%
, , [22]
[20] ’ ’
, (Hemi fusus tuba) ’ ’
, Peter
[21] ’
(Haliotis rubra) R 5 . 2
34 BAMEZFEGRAKFATME L RAE KT
FT R B 7 1 84 B vy
, 49.72% ;
, (GPT) (GOT) )

[25]

> B
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Abstract: In this study, we determined the effects of the dietary protein level on the growth rate, muscle composi-
tion, and activities of digestive and liver enzymes of Sepia lycidas during the early growth period of the lifecycle.
Six experimental diets were formulated, including fishmeal, soybean mean, and gelatine as protein sources, at
various protein levels (31.5%, 35.0%, 38.5%, 42.0%, 45.5%, and 49.0%). Totally 540 Sepia lycidas with an average
body weight of 3.99 £+ 0.08 g were randomly assigned into these six dietary groups; this produced groups containing
thirty fish with three replicates, providing a total of ninety fish per group. It was found that at the 45.91% protein
level, Sepia lycidas achieved the optimum growth rate. At this protein level, the weight gain rate, special gain rate,
and survival rate showed significant difference from all other protein groups (P<0.05), with the exception of the
49.72% group (P>0.05). Along with the increase of the dietary protein level, the feed conversion ratio initially de-
creased and then increased, with the lowest value found at the 45.91% protein level, which is significantly lower
than those of the other groups (P<0.05), with the exception of the 49.72% group (P>0.05). The protein efficiency
ratio significantly decreased as the dietary protein level increased (P<0.05). The condition factor and hepatosomatic
index in muscles were not affected by the dietary protein level (P>0.05). As the protein level was increased up to
45.91%, the activities of protease, trypsin, lipase, and hepatic superoxide dismutase (SOD) increased and were sig-
nificantly higher than those of other groups (P<0.05). Lipase and SOD continued to increase and showed the
maximum activity at the 49.72% (P>0.05) protein level. Meanwhile, the intestinal amylase activity showed the op-
posite trend. Levels of hepatic glutamate pyruvate transaminase and glutamic oxaloacetic transaminase initially
increased before reaching a plateau, with the highest values being observed at the 49.72% dietary protein level,
which was significantly higher than those of other groups (P<0.05), with the exception of values at the 45.91% die-
tary protein level (P>0.05). The alkaline phosphatase activity was not found to be affected by the dietary protein
level (P>0.05). Sepia lycidas achieved the highest crude protein content at the 45.91% dietary protein level, which
was significantly higher than those at other levels (P<0.05), with the exception of the 45.91% level (P>0.05). Juve-
nile Sepia lycidas had the lowest crude lipid content in muscles. The dietary protein levels had no significant effect
on the moisture and ash content in muscles (P>0.05). Results indicated that the 45.91% dietary protein level was

sufficient to satisfy the growth requirements of Sepia lycidas during the early growth period.

(At #: BT 3)
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