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1 AR % 12 HAREE
L1 R4 (60.13%
5 0.20)g 420 21
7 330 L R 20 s FO
10% 20% 30% 40% s
50% 100% R FO F10 F20 F30 s R 14~16C,
F40 F50 F100 1 33, (5~6)mg/L, (2~3)L/min 8
, 80 R 30% R s 2006 8 6 ~10 8 09: 00 1
, 3 mm , s s 05h s
55C  10~12h, -20C R R R
F1 FWARBERRERKE(FHREM], %)
Tab.1 Composition and nutrient levels of the experimental diets (DM basis, %)
/
FO F10 F20 F30 F40 F50 F100
D 75 67.50 60.00 52.50 45.00 37.50 0.00
) 0.00 6.33 12.66 18.99 25.32 31.66 63.31
8.00 8.00 8.00 8.00 8.00 8.00 8.00
4.25 4.50 4.75 5.00 5.25 5.50 6.80
& 1.00 1.00 1.00 1.00 1.00 1.00 1.00
2.00 2.00 2.00 2.00 2.00 2.00 2.00
7.20 8.12 9.04 9.96 10.88 11.79 16.34
1.00 1.00 1.00 1.00 1.00 1.00 1.00
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 1.00
(TBHQ) 0.05 0.05 0.05 0.05 0.05 0.05 0.05
100.00 100.00 100.00 100.00 100.00 100.00 100.00
50.06 50.06 50.06 50.06 50.06 50.06 50.06
8.01 8.01 8.00 8.00 8.00 8.00 7.99
18.69 19.49 17.97 18.33 15.56 14.66 12.22
(J/100g)? 1911.85 1911.71 1911.58 1911.45 1911.31 1911.18 1912.45
/ 38.19 38.18 38.18 38.18 38.18 38.17 38.20
1. : 65%, 5%; 2). : 77%, 2% 3). : VA 375 000 IU, VD;
75 000 IU, VE 3 000 mg, VK3 900 mg, VB, 600 mg, VB, 600 mg, VB¢ 600 mg, VB, 3.7 mg, D- 2 400 mg, 4 500 mg, folic acid 185 mg,
D- 7.5 mg, 3000 mg, VC 10 500 mg, Zn 1 750 mg, Mn 1 050 mg, Cu 410 mg, Fe 1 150 mg, Co 60 mg, I 50 mg, Se 15 mg; 4).
1.3 HRKESHAT 2, :
R 24 h
3 ’ [14] ’
, , Davidesdous 24 h
, 70% R R
, -20°C , LEICA RM2235 , 6 pm,
2 -20°C HE , Nikon ECLIPSE E800

>
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SOXTEC-
6h

)x100;
)x100

SPSS 17.0

Duncan, s

+

2.1 BLRE R AR IT A 2T B 32 B R S FR AT

AR

2, FO~F50
(P>0.05), F100
(P<0.05) F20~F30

F40  (P<0.05),

(P>0.05)

*3 BERRBIMYERELR: & EFEMBTM

Tab.3 The effects of dietary skimmed krill meal on the whole-body composition of juvenile spotted halibut

=2 BRI R AT X (B BE 2 SR 7S HE AR RS2 M

morphometry of juvenile spotted halibut

Tab. 2 The effects of dietary skimmed krill meal on the

(%) (%) (%)
FO 2.45+0.29° 5.84+0.24% 2.77+0.05%
F10 2.58+0.01° 5.58+0.06% 2.65+0.02%
F20 2.36+0.29° 5.72+0.09% 2.88+0.07°
F30 2.16+0.10% 5.68+0.08% 2.79+0.04%
F40 1.72+0.03" 5.52+0.10% 2.56£0.05°
F50 2.17+0.09%° 5.19+£0.31° 2.7240.04%
F100 1.1540.05° 3.88+0.05¢ 2.72+0.02%°
(P>0.05),
(P<0.05),
2.2 BLRS MRS A B 2 B A & e L
A & IR LR B R o
3 , F100
(P<0.05) F10 F100

(P<0.05) F20

0.05)

(P<0.05) F30 F50
(P<0.05), F100

(P<0.05) F30

(P<0.05) F30

(P<0.05)
(P<0.05), F100 4
, F10 F20 F50 F100
F30
(P<0.05)
(P>0.05)
2.3 BLUS @R AR I At I B2 F K ALBE S
VRN R A0
5 , (P>
FO F20 F30
F100
(P<0.05) FO

(P<0.05)

(%) (% ) (% ) (% )
FO 70.62+0.83° 60.84+1.429¢ 14.11£0.10° 12.73+0.03¢
F10 73.37+1.56° 66.95+0.03° 15.51+0.69° 13.31+0.02°
F20 71.96%1.46° 63.53+0.23° 14.20+0.41° 12.37+0.03¢
F30 70.51+1.44° 61.43+0.28% 19.10+1.84° 11.38+0.028
F40 71.75+0.91° 60.01£0.16% 16.43+0.25° 12.21+0.02¢
F50 72.45+0.59° 58.79+0.81° 19.46+0.36" 11.86+0.04"
F100 78.00+0.21° 70.10£1.12% 8.57+0.33¢ 18.64+0.01°
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Tab.4 The effects of dietary skimmed krill meal on the muscle composition of juvenile spotted halibut

(%) (% ) (% ) (%

FO 77.25+0.36* 88.50+0.50 4.54£0.05° 5.88+0.01
F10 76.98+0.26" 89.21+1.45 3.68+0.03¢ 6.02+0.05
F20 77.15+0.23 85.91+1.02 5.13+0.01%° 7.92+0.63
F30 77.27+0.18" 84.98+8.30 5.66+0.03" 8.18+0.40
F40 77.65+0.08" 90.83£1.36 4.43£0.10° 7.87+0.29
F50 77.16+0.48" 85.55+0.97 4.71£0.03¢ 7.44+0.30
F100 78.11+0.12° 86.40+1.61 4.80+0.06" 5.37+2.69

x5 BAEREREITH R 268RY & H U

Tab.5 The effects of dietary skimmed krill meal on digestive enzyme activities of juvenile spotted halibut

(U/mg ) (Ulg ) (U/mg ) (Ulg ) (U/mg )

FO 121.55+67.48 62.65+6.77° 3.51+0.21% 101.82+4.99% 27.79+0.51%

F10 76.04+37.36 97.86+35.40% 3.49+0.19" 131.95+20.45 13.84+1.72¢

F20 139.43+69.85 44.06+21.74° 3.87+0.09° 89.34+4.67% 14.40%+1.07°

F30 129.71+43.32 279.04+100.20° 4.7440.60° 35.3545.94° 22.79+2.60°

F40 165.05+77.27 147.06+73.91% 3.86+0.03° 72.7246.35% 19.24+2.99°

F50 123.98+30.34 110.42+16.46% 3.09+0.28" 83.97+22.04° 8.90+0.40¢
F100 112.06+46.34 164.96+86.22% 2.83+0.16° 28.02+7.87° 5.66+0.28¢

2.4 BLEE s AR BRI Ay st B Bt 2 8 A7 18 42 A Y

4

6 ,
, F30 (P< 0.05)
FO
(P>0.05)

6 BiAREEREEANG T BT 2 858 B A IR iR R4

Tab. 6 The effects of dietary skimmed krill meal on the
microscopic intestinal structural parameters of
juvenile spotted halibut

(nm) (um) (pnm)
FO 675.58+7.66° 45.59+0.64 22.05+0.05
F10 842.37+4.91¢ 45.88+0.51 22.07+0.38

F20 948.81+£16.22°  46.28+0.65 22.62+0.60
F30 1019.57+10.27*  46.71£0.32 23.11£0.35
F40 671.98+5.18¢ 46.62+0.26 22.95+0.09
F50 588.81+3.84° 46.98+0.18 22.62+0.03
F100 524.96+£12.54"  46.23+0.61 22.89+0.67

FO F30 , F100

3 Wt
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The effects of skimmed krill meal on the intestinal morphology of juvenile spotted halibut (mid-intestine)

FH. ; MT. ; VL.
FH. fold height; MT. mucosal thickness; VL. villus length

Fig. 1
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tion and digestive ability of juvenile spotted halibut (Verasper
variegatus)

ZHENG Jian-ming™ 2, YAN Jun-li" 2, CHEN Si-qing", CHANG Qing",

WANG Zhen-jie" ?, ZHAO Jie-jie" 2, LIU Chang-lin', HU Jian-cheng’

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

Received: May 25, 2017
Key words: spotted flounder; skimmed krill meal; body composition; digestive enzyme

Abstract: While both fishmeal and skimmed krill meal (SKM) are considered the main source of protein, fish oil
has been used as a source of lipid. This study aims to determine the optimum level of SKM (in replacement of the
fishmeal) in the diet for spotted halibut (Verasper variegatus). We conducted an 8-week experiment in which the
seven isocaloric and isonitrogenous diets contained 0%, 10%, 20%, 30%, 40%, 50%, and 100% SKM. We provided
each diet randomly to a triplicate of 15 fish (60.13 g + 0.20 g) per tank in the indoor culture system. The results
revealed that the viscerosomatic index and hepatosomatic index of other groups were higher than those in the F100
group (P < 0.05). The condition factor of F20—F30 groups was higher than that in the F40 group (P < 0.05). In
addition, the whole-body moisture and ASH of the F100 group were higher than those of other groups (P < 0.05);
the whole-body crude protein of the F10 and F100 groups was higher than that in other groups (P < 0.05); and the
whole-body crude fatty of the F30 and F50 groups was higher than that in other groups (P < 0.05). Furthermore, the
muscle moisture of the F10, F20, and F50 groups was higher than that of the F100 group (P < 0.05); the muscle
crude protein and ASH of the F10-F100 groups were similar to those of the FO group (P > 0.05); and the muscle
crude fat of the F20—F30 groups was higher than that in other groups (P < 0.05). We observed no significant dif-
ference in the pepsin of juvenile spotted halibut among groups (P > 0.05). While the stomach lipase of the FO and
F20 groups were lower than that of the F30 group (P < 0.05), the stomach amylase of the F30 group was higher than
that of other groups (P < 0.05). Although the intestinal amylase of the FO group was significantly higher than that of
other groups (P < 0.05), the intestinal lipase of the F30 and F100 groups was lower than that of other groups (P <
0.05). Finally, the fold height of the F30 group was significantly higher than that of other groups (P < 0.05); how-
ever, the mucosal thickness and villus length of juvenile spotted halibut exhibited no significant difference among
groups (P > 0.05). This study suggests that 10%—-50% of SKM levels exert similar effects on the body composition
and digestive ability of juvenile spotted halibut.
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