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Tab. 1 Diet formulation and proximate composition (%)
Diet group
Ingredient
F1 F2 F3
' White fish meal 50 50 50
' Soy protein concentrate 2.5 2.5 2.5
"Krill meal 10 10 10
2( )Squid (dry weight) 14 14 14
Fish oil 2.5 2.5 2.5
Cellulose 2.35 2.35 2.35
Premix 0.5 0.5 0.5
Casein 9 9 9
High gluten flour 6.55 6.45 6.22
C Vitamin C 1.6 1.6 1.6
Lecithin 1 1 1
Spermine 0 0.10 0.33
(%) Proximate composition(%)
Water 5.74 5.19 4.95
Crude protein 57.51 58.21 57.54
Crude lipid 10.72 10.81 10.57
*/(kJ/g) Estimated energy 13.65 13.80 13.59
t 1L ( , %): 7.17, 64.00, 5.60 ( , %)t 8.02, 52.96,
1.50 ( , %): 3.38, 67.59, 8.62; 2. ( , %): 81.85, 9.21, 2.60; 3.
(kJ/g)= x37.7kl/g+ x16.7 kl/g

Note: 1. white fish meal (wet weight, %): water 7.17, crude protein 64.00, lipid 5.60. protein concentration (wet weight, %): water 8.02,
crude protein 52.96, lipid 1.50. krill mea (wet weight, %): water 3.38, crude protein 67.59, lipid 8.62; 2. Squid (wet weight, %): water 81.85,
crude protein 9.21, lipid 2.60; 3. Calculated: estimated energy (kJ/g) =fatx37.7kJ/g+proteinx16.7 kJ/g
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1.3 ( )
BN #E , l4d 1 ( ) ,
) 20 , 10
; ) (284d) 1.5
1 + ,  SPASSI17.0
-80°C , (One-Way ANOVA),
R ( Duncan ,
) , 4 P<0.05 Duncan
4°C 3300 g/min 3min, )
— 2.1
Tl AR 5 B BY 5 5 $R BX Crane, et al. ' 2
(BBM), ’
(P>0.05),
RAELH R R BHl & , Davides- (P<0.05);
dous 24h 70% SGR  14d 28d ,
, , LEICA RM2235 , (P<0.05), F2
6 pum, HE , , Nikon Fl1 14d 28d
ES00 (P<0.05), F2 F3 (P>0.05)
1.4 ; ( 2
FRKMEREITE SGR(%/d)=(In 99.60%, (P<0.05); , F3
“In )/ x100 60.27%, FI  F2 (P<0.05),
SR(%)=( - F1 F2 (P>0.05)
)/ x100 2.2
AR A LR FRRY I E
14d
(LAP) Maroux, et al. ' (P<0.05)( 1),
- (Leu-Ala) (P>0.05); 28d , FI
Nicholon, et al. ["*! (P<0.05),
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Tab. 2 Effects of spermine on the growth and survival rate in the postlarvae of Cynoglossus semilaevis Giinther

Initial body  14d 14d Body 28d 28d Body 14d 28d -
Grou weight in dry matter weight in dry matter weight in dry matter 14d SGR 28d SGR %)
P (mg) (mg) (mg) (%/d) (%/d) ’

F1 3.32+0.07 5.87+0.19° 10.37+0.56° 4.07+0.09° 4.15+0.12¢ 89.09+5.79°

F2 3.32+0.07 6.06+0.22° 11.06+0.53° 4.30+0.12° 4.39+0.10° 71.41£9.00°

F3 3.32+0.07 5.93+0.22° 10.58+0.56° 4.1440.12% 4.22+0.11% 60.27+10.6°

F4 3.32+0.07 8.07+0.31° 19.64+0.70° 6.35+0.13° 6.2940.05° 99.60+0.70"

(P<0.05)

Note: Data in the same column with different superscripts are significantly different (P<0.05) .The same applies bellow
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Fig. 1 Effect of spermine on alkaline phasphatase relative activi-
ties in the postlarvae of Cynoglossus semilaevis Giinther
(P<0.05)
Different letters above the bars denote significant differences be-
tween diet groups with the same time at the P< 0.05. The same
applies bellow
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Fig. 2 Effect of spermine on leucine aminopeptidase relative
activities in the postlarvae of Cynoglossus semilaevis Giinther
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Fig. 3 Effect of spermine on Leucine-alanine peptidase relative
activities in the postlarvae of Cynoglossus semilaevis Giinther

120 OF Br B N4

100

®
(=}

60

TR ZE M AP/leu-ala
LAP/Leu-ala in BBM (%)

11 Time (d)

Fig. 4 Effect of spermine on BBM alkaline phasphatase / Leu-
cine-alanine peptidase in the postlarvae of Cynoglossus semilaevis
Giinther
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Tab. 3 Effects of spermine on the intestinal microscopic structure parameters in the postlarvae of Cynoglossus semilaevis Gunther (um)

Group The length of microvilli The thickness of mucosa
F1 2.95£0.13¢ 22.88+1.03°
F2 3.44+0.15° 31.66+2.34°
F3 2.66£0.33° 25.35+1.12°
F4 4.01+£0.31* 30.11+1.09*
451
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40 | [15]
= ;\? 35 s
A
BZ 30
=7 2s [16]
2=
2z (
2 ;s ’
=< )
=510
0.5 5 >
0 14 28 i )
[ 1] Time (d)
5 / [17]
Fig. 5 Effect of spermine on BBM leucine aminopeptidase / Leucine-
alanine peptidase in the postlarvae of Cynoglossus semilaevis Giinther
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6
Fig. 6 Effect of spermine on intestine structure in the postlarvae of Cynoglossus semilaevis Glinther
1. F1 ;2.F2 ;3.F3 ;4. F4

1. Longitudinal sagittal section of intestine structure of tongue fish postlarvae in F1 group; 2. Lon-
gitudinal sagittal section of intestine structure of tongue fish postlarvae in F2 group; 3. Longitudinal
sagittal section of intestine structure of tongue fish postlarvae in F3 group; 4. Longitudinal sagittal
section of intestine structure of tongue fish postlarvae in F4 group
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THE EFFECT OF MICRODIET SUPPLEMENTATION WITH SPERMINE ON THE
GROWTH AND INTESTINAL DEVELOPMENT OF TONGUE SOLE POSTLARVAE

YU Chao-Lei"*, CHANG Qing’, QIN Bang-Yong" ? and WANG Xin-Xing’

(1. College of Fishers and Life Sciences, Shanghai Ocean University, Shanghai 201306, China;
2. Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China)

Abstract: To study the effects of spermine on the intestinal development of Cynoglossus semilaevis postlarvae, we se-
lected the subject with initial length of about 2 cm and fed them with microdiets containing 0 (F1), 0.10% (F2), 0.33%
(F3) of spermine and live Artemia (F4) for 28 days. The results showed that F4 group exhibited the highest growth and
survival rates. The specific growth rate of F2 group was significantly higher than that of F1 and F3 groups (£<0.05).
The survival rate of F3 group was 60.27%, which was significantly lower than that of other groups (P<0.05). At day 14,
the alkaline phasphatase relative activities (AP) in the bodies of fish fed with spermine-containing microdiet were sig-
nificantly higher than that in fish fed with the Artemia (P<0.05); there was no significant difference among groups fed
with spermine-containg mecrodiets (P>0.05). At day 28, the AP of fish fed with 0.10% spermine was significantly
higher than other groups (P<0.05); no significant difference was found among other groups (P>0.05). F2 and F3 groups
showed higher leucine aminopeptidase (LAP) specific activities than F1 and F4 groups at day 14 and 28 (P<0.05), but
there was no significant difference between F2 and F3 (P>0.05). F2 group showed the lowest leucine-alanine peptidase
(leuala) specific activity at day 14 and 28 (P<0.05). The microvilli length of Artemia group was significantly greater
than that of the other groups (P<0.05). The mucosal layer of Artemia group was apparently but insignificantly hinner
than that of F2 group (P>0.05). Both the length of microvilli and the thickness of the mucosal layer in F2 were greater
than those of F1 and F3 groups (P<0.05). These results suggested that 0.10% spermine in microdiet had positive effects
on the intestinal development of tongue sole postlarvae.

Key words: Microdiet; Spermine; Cynoglossus semilaevis; Postlarvae; Intestinal development
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