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ABSTRACT Effects of methionine enriched Artemia nauplii on growth performance, main

digestive enzymes (amylase, acid protease, and alkali protease) activity, alkaline phosphatase
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activity and concentration of digestion related hormones (cholecystokinin, thyroxin, triiodothy-
ronine, and cortisol) in Cynoglossus semilaevis Giinter (initial length 1. 67 &= 0. 14cm) were
studied. Three groups of postlarvae, including methionine group, Schizochytrium group, and
methionine + Schizochytrium group, were fed Artemia nauplii enriched with methionine,
Schizochytrium, and methionine + Schizochytrium respectively. A control group was fed Ar-
temia nauplii without enrichment. Larvae were cultured for 16 days, sampled and tested at 4-
day intervals. Postlarvae in the Schizochytrium treatment showed the highest growth at the end
of the experiment;their weight was significantly greater than the control(P<C0. 05), and their
length was significantly greater than other treatments at 12d. Alkaline phosphatase activity in
Schizochytrium treatment was significantly greater than the methionine treatment and the con-
trol at 16d (P<C0. 05), and their alkali protease activity was significantly greater than the other
treatments at 16d (P<C0.05). The concentration of triiodothyronine (T3) in Schizochytrium
treatment was significantly higher than the methionine treatment and the control at 12d (P <C
0.05). Thyroxin (T4) content in Schizochytrium treatment was significantly greater than the
control at 12d (P<C0. 05). Amylase activity in methionine-+ Schizochytrium treatment was sig-
nificantly greater than the methionine treatment at 12d (P<C0.05). CCK level of the control
was significantly higher than methionine+ Schizochytrium treatment and methionine treatment
at 4d (P<C0.05), and was significantly higher than the other treatments or Schizochytrium
treatment at 12d and 16d. No significant differences were found in acid protease activity be-
tween four different treatments. Cortisol levels of methionine treatment was significantly lower
than the other treatments at 4d, and significantly lower than the control and methionine +
Schizochytrium treatment at 8d and 16d (P<C0. 05). However, alkaline phosphatase, amylase
activity, T3 and T4 levels were higher at the earlier stages of the experiment. It is suggested
that methionine-enriched Artemia nauplii feeding can meet the growth requirement of C. sem-
ilaevis larvae.
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Table 1 Average length of C. semilaevis Giinther in four treatments (Mean=+ SD) (cm)

H Treatment 4d 8d 12d 16d
HEMY Methionine 1.9540.05 2.1820. 03¢ 2.4740.21° 2. 74240, 08"
B AL Schizochytrium 1.9640. 04 2.21+0.08° 2.5540. 26" 2.85+0.02¢
EEM+2F WA Methionine+ Schizochytrium 1.94+0. 04 2.2040. 038 2.4540. 207 2.7940.03%
X4l Control 1.9440.05 2.2140.05° 2.4540.19° 2.7440.06°

V< FBIBRAT KR 5 6 7 22 5 3 . P00, 05

Note: Different letters in the same columns show statistically significant differences between values

13 2 78 th . 28 At v o A A 1 H TG 2 AR B R L G A0 AR AT T B B B A PR R I R AR PR L A 16d I
B3R T XIRA(P<<0. 05) , 5 A MR 4 K HE = MR N 2 s 4 26 5 AN 35 . 4.8 12d I . 4 i e 4 22 1] G W 3%
e . WK RTE RO A I A R4 55 Al 14 5 R TG 20 P01 6 i A 0 A R AR AR U R - R B > 3R
RN A7t 4 > R TR > W IR

R2 AMHBREANFBEHFREANFHEECFIRARMER) (mg)

Table 2 Average weight of C. semilaevis Giinther in four treatments( Mean= SD) (mg)

#H Treatment 4d 8d 12d 16d
FEH M4 Methionine 41,7542, 142 55.58+3.17¢ 74,004, 12¢  95.66+11.19=
B Schizochytrium 43.834+1. 422 56. 4142, 04* 80.1745. 772 111.08+3.91°
HAM+ 2 W4 Methionine+ Schizochytrium 40,6741, 260 59,5874, 23 73.1743.91*  102.58+6.58%
X HE2H  Control 40, 5843, 452 56. 8343, 64° 77.3342. 36° 89. 8348, 53¢

e

Note: Same as in Table 1
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Table 3 Activity of amylase in C. semilaevis Giinther in four treatments (Mean=SD)(U/mg prot)

20 Treatment 4d 8d 12d 16d
HEE B4 Methionine 2.0140. 23¢ 1.4940. 11° 1. 61+0. 30 1.380. 267
B Schizochytrium 1.7340.003% 1.3940. 152 1.754+0. 05% 2.10%£0.08°
ERMR 2w H4 Methionine+ Schizochytrium 2. 1440, 38% 1.44+0. 23 2.1540. 25" 1.99+0. 270
X4l Control 1.6240. 197 1.3340. 04° 1.7740. 12% 1.60+0, 69°
k1

Note: Same as in Table 1

F4 ANMRBANFBEHFHAOFMEBREE N CFYOERMER) (U/g prov

Table 4 Activity of alkaline phosphatase in C. semilaevis Giinther in four treatments (Mean=+SD)(U/g prot)

H Treatment 4d 8d 12d 16d
ERB MU Methionine 284, 75+37.49*  203.70415.10° 190.834-43.86* 148. 04422, 35°
a4 Schizochytrium 278.86+4.31*  206.25+1.60°  183.10442.94* 262.03+25. 60"
EAM A% Methionine+ Schizochytrium 190.21461.53* 194, 68410.42* 198,72+ 34,40 214.16430.73%
X HE2H Control 254.19+58.68* 197.78+16.61° 149, 96439.58* 166.70+21. 93"

% 1

Note: Same as in Table 1
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Table 5 Activity of tryptase in C. semilaevis Giinther in four treatments (Mean=+SD)(U/g prot)

2 Treatment 4d 8d 12d 16d
EHE 4] Methionine 30.134+1.58% 28. 0545, 50 4.6942.39¢ 9.05%6.93°
AW Schizochytrium 62.7618.10"  24.17%11.60*  3.2323.05° 32,5142, 81°
AR+ 2 %4l Methionine+ Schizoch ytrium 28.39410.06*  23.3741.46° 2.20+1,55¢ 17.105. 970
Xf 4l Control 28.49+13.19*  29.83412.04* 6,689, 48° 18.60+1.73¢

lER e

Note: Same as in Table 1

1 5 A5 70 U0 A 092 B 2 1 M MR s 12d I A LTS PR 8 T [ B B IR 16d I 1 SRR B T
JUH R R AT BB 2R+ 2t . R B R TS A 16d I R 3 T H A& 4 (P<<0. 05) , HoABIURE s 4%
HERALE.



40 o R o5 33 4%
6 4N RAREANERERFHRANBEEARE N CFYE TR (U/g prot)
Table 6 Activity of pepsin in C. semilaevis Giinther in four treatments (Mean=4SD) (U/g prot)
2 Treatment 4d 8d 12d 16d

ERB MU Methionine 32.01420.43*  29.26413, 35" 24,1644, 25° 14.93+5.63¢

B Schizochytrium 28.46413.56° 20,4242, 81° 19. 866, 49¢ 23.59410. 54°
EAM A% Methionine+ Schizochytrium 40, 54=+8. 162 24,7043, 442 26,9415, 18"  24.11+5,89°

X} g4 Control 41.36+8. 657 26.81+3.62° 35.78+7,45% 20,4744, 747
1

Note: Same as in Table 1

26 R T AN [R5 A 2 7R (] HORE 501K B B S 0 A8 A T L 2 R o 2 Al 23 ) B A Ak TR K

o H S AR AE 4 DRGSR A B W

2.3 HEKTE

R T~R 10 7350 R T AR 56 2 7R A [ IBORE sS AR Y CCRL T4 T3 K B o 14 35 &

a7 A& AR CCK & AR R T m p ke e, X B4 & i iR 2
IR ES TEAME N EZAR AT HA(P<0.05),12d N B EF & T HAl 3 4
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Table 7 Contents of cholecystokinin in C. semilaevis Giinther in four treatments (Mean=+SD) (pg/g)
2] Treatment 4d 8d 12d 16d

HEMA Methionine 375.234£77.87* 258.46453.41%  281.80434.34% 362, 77437, 64

AL Schizochytrium 422.84+66. 25" 397.444158.04* 274.21443.89* 217.604101. 89*

FEE R+ XA Methionine+ Schizochytrium 347.89472.36* 263.38483.64° 337.41+£88.37* 361.08+91.41%
X4 Control 644.924126.35> 436.49+142.46* 580.84+123.45> 513.54+120.57"

BRI T4 F AR B P R AR R TS R (R ), M dE A R LA T B S K, HAE
12d B B E S TR BH(P<<0.05) . SEAMRHUANEAMRMBTHEHALZRARE, HMBFE S TR EES.

£8 4MRBEANYBEEHFHEN T4 FECFHHERMEE) (ng/larvae)

Table 8 Content of T4 in C. semilaevis Giinther in four treatments (Mean4=SD) (ng/larvae)

H Treatment 4d 8d 12d 16d
EREMYH Methionine 1.174+0.05° 1.5440. 08" 2.0740, 31 2. 7120, 45°
B HE  Schizochytrium 1.2040.07¢ 1.5240.11% 2.434+0.10" 3.26+0.37¢
EEM+2F WA Methionine+ Schizoch ytrium 1.11+0. 107 1.57+0. 08 2.0740. 22 3.2440.62°
XfHEZH  Control 1.1140.09® 1.4240.05® 1.84+0.06° 2.92+40. 22°
H R

Note: Same as in Table 1

09 SR TR AR TR AL A HE £ 20 00 1 B LU I T3 A R SRR O RSB, LR AL 2 (%
BBy T3 KT . FLAE 12d Y 535 T3 R4 B CE RS

BOke S BA B 2R

HBZH(P<<0.05),5EEMRMAETHHAL R A

F. HAb



5 6 1) o AR p HUTT Y A A B SRR AL X 2 3 T R A T A T O DGR K B R 41

Bz RS BRI B P IS AR A (3R 10) . BERALN R & S 7F 4d i 5 KT HAb
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Table 9 Content of T3 in C. semilaevis Giinther in four treatments (Mean= SD) (pg/larvae)

H Treatment 4d 8d 12d 16d
EREMYH Methionine 69.99+5,18¢ 99. 827424, 40"  121.3924-13.37" 168,545, 73"
BAFHE  Schizochytrium 73.75+8. 82¢ 92.16+10.50* 152.9+8.36" 212.8+19.09°
WA+ %A% 4] Methionine+ Schizoch ytrium 60.504+3.56°  104.25410.63* 133.7417.83*»  203.6437.79°
X HE2H  Control 58,7745, 77% 91.3244.67*  117.2=+3.40° 196. 2431, 64°
1

Note: Same as in Table 1

R0 AN BANFRERTFRENERESECFHR T IRESE) (pg/larvae)

Table 10  Content of cortisol in C. semilaevis Giinther in four treatments (Mean= SD) (pg/larvae)

ZH Treatment 4d 8d 12d 16d
HEMY Methionine 79.3349.84°  102.53421.70° 179.69+59.71* 238.39+65.16°
2443 Schizochytrium 121.58211. 84> 161.1553. 17%b 281, 9440.79* 377. 8824, 92
FEHER T2 #4 Methionine+ Schizochytrium 126.554+13.85> 208.90+34. 80" 276.11+41.39* 462.26+52, 06"
X W 2H Control 141, 20412, 67> 215, 8744, 14>  278.95412.39* 393.92+77.53b

R 1

Note: Same as in Table 1

3 it

26 T B AT HE £ R0 20 0 2 IR B 5 A5 (2004) X 244 9 77 885 0 JE 25 W46 K W1 7 vk AT 012 1R W AT f 2
Tl IR &Iy g 68 2% ) B 5 HfE £ 019 B BB B SR U R RIS A AL 58 4. 2B R iR 3 H IR T IR S B AN E )
Bt CEEAS  2005)  RFEAFHEMII T E A S B AE KR T ORI TUE MRS & 2GS HE R R
B YIE 2 oK 58 R AR Ak

B R A0 i T g AR S T Kt R O B B TR BT A TRRE T L AR AR B A £ T Al
SE PN I JK B850 9 7 £ AE R OB B L 240 S L IR 3K B 77 %6 ~83 %0 (Conceicao ez al.  2007) i HL RS 43 Wz it
0 IR R 3h 2 st T4 AR 11 B (Morais et al. 2004) . SR HUAR Y FAA & B R A i 2 8525 1 Fh
IEH A K7 B (Aragao ez al.  2004) . A REGR A Z R BRR . 5 T LR 7 & IR B AL TR AU TR L 70 AR
FIUKS S % o () — AP 2k JLAP (Conceicao ez al.  2007; Aragao et al.  2004), I %55 B7s . #AL Met (1 X H
TCT 4 AT LU 24 0 7 85 00 A K R 1Y 2 W B I AR S g L B e AR KL X 5 Naz 45 (20092) ¢ T 43 3k
84 Sparus aurata WIHFFEEE R — 2. T REUEW] P TG A AR A B Met 55 A 1T DL 2 S 1 S5 AE £ 69

24 A7 1 2 B 0 1 AR R TR R SIS R B TG ) B T3 T K S5 T T AT S L T A Ak B AL U
B 45 MR 224 7 9 i A 1) i HHL B (0 2 T 5 S A 0 A B PR 2R ORI K 7 BT A R 3R W) 5T AR HE Y
FIRT R L IX AT BE I 2 A0 5 0 Ak B4 0 T B HOUR N IR D R Y A A R 03 R I (EPA Al DHA) \n-6 & 5
(ARA) SV 38 H B AN BES L T 2B ) AR R A0 5 A AR TR . & TTxF T A A £ Y 6 3R U0 IR
R EAAEZN A IEE. Reitan 28 (1990 NN, Y A0 s DHA & & BE PR IE K22 8F Scophthalmus
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maximus fF AW IER G RILE , HAGEH EPA SkfCUE . Copeman 45 (2002) ik Ky 2 5 35 8 Limanda fer-
ruginea i TS RS DHA B8 P28 AR IE 5 R AR TG R, T & & 210 ARA XA R UTE A U2 .

AR & AR . fBIA B 5620, A FE W M Z AW g B, 2 ARA R EPA 1 & &4 i ok
0.168 9% F1 0.194 5% ,DHA & 5 SRR 0 42. 3%, HJH 24 3 38 Ak (0 i 09 4k HoAk ) DHA & &
REIAE 150 (BRAEFE  2002) , HAE A BEIE AU R D) vl e 0028 T o HUUR N B A0 & = . 9 P A B I vl DA ok
B K A0 K 7R 2 (Kanazawa et al.  1985; Geurden er al. 1995),iAfE1R & % & H (Koven er
al.  1998) AE K fmiE FLALK RS b K 40 i vh B 2 (Y & 5 (Fontagné er al. 1998), [A] i, W5 55 &
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