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Tab.l Diet formulation and proximate composition
(% in dry matter)

LI
441 Ingredients Experimental groups
K-0 K-10 K-20

1118} Fish meal 70.0  62.0 54.0
%3 1 Casein 5 5 5
B IRy Antarctic krill meal 0 10 20
% Wheat gluten meal 11.0  10.0 9.0
a7l Fish oil 7.0 60 5.0
K& il Soybean oil 1.0 1.0 1.0
KRG HIBENE Soybean phospholipid 2.0 2.0 2.0
fIH#8 Choline 1.0 1.0 1.0
CaH,PO, 1.5 1.5 1.5
4k C Vitamin C 0.5 05 05
Vi rf R A ) Vitamin mix 0.5 05 05
25 Y B IR A 8 Mineral mix 0.5 05 05
HFE 43 Proximate composition (% DM)

HLZE 4 Crude protein 553 553 556
g Lipid 142 141 145
K45y Ash 127 124 123
BUIFFH & Total astaxanthin (mg/kg) 42.8  70.5 114.7

e TYEd RIR A Bl (mg/kg or g/kg KL 4EER A,
32 mg; ME, 45 mg; 4i4 3, Byy; 0.1 mg A2 E, 1.20 mg;
44 FK D, 5mg; AEER K, 10 mg; FhMRMEEE, 20 mg;
YirE 2 E, 120 mg; JILEE, 800 mg; #HER, 200 mg; M3,
25 mg; MR, 20 mg; 2R, 60 mg; ¥KEY 18.67 g

25 W IR A B (mg/kg or g/kg falEL): BALEN, 2 mg;
WAk, 15.51g; GRFREE, 1200 mg; BifR%F, S50 mg; S
L&y, 50 mg; HRMRHH, 10 mg; BEMR — 445, 3000 mg; #i

2%k, 80 mg; SALHN, 100 mg; BULHH, 0.8 mg

Note: ' Vitamin premix (mg/kg or g/kg diet): vitamin A
32 mg, riboflavin 45 mg, vitamin B, 0.1 mg, biotin 1.2 mg,
vitamin D 5 mg, menadione 10 mg, pyridoxine 20 mg,
vitamin E 120 mg, inositol 800 mg, tocopherol acetate 200
mg, thiamine 25 mg, folic acid 20 mg, pantothenate 60 mg,
wheat flour 18.67 g

2 Mineral premix (mg/kg or g/kg) diet: NaF 2 mg;
Mordenzeo 15.51 g; MgS0O,4-4H,0 1200 mg; ZnSO,4-7H,0 50 mg;
COC126H20 50 mg; FCSO47H20 80 g, Ca(H2P04)2H20
3000 g; CuSO,4-5H,0 10 mg; NaCl 100 g; KI 0.8 mg

(VELP, UDK 142 automatic distillation unit, 7K F)
D KL B 3 o s B 7 o R AR TGl 2 2
(FOSS JENT I X SOXTEC 2050, Fidlt); #EA7ED
I RIBE 5 (550°C), REENE KT & S8R
AR 5 77125 (GB/T5009.124-2003), J H 7 L-8900
RV GHEIR 53 W A0 7 Sl SRR 4 B 5 10375 Hh S
R DGR 2E 5 A (P IR Cobas-6000 4 F sl Hi{L
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ZE R, B LE Y E AR ME 22 (MeantSD) KR ,
250 FEKEH 0.05,
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T A W R 5 A0 A 2 2 RN G L TR 4 T e
W 2 fiR, Ho, s i 003 00 4 B 3 BT ks
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T N T TR A o 21 T T 8 M £ S AV A A R W)
R3PR, FLIALEN R MR TR T 5
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23 ARHRMERBTHYEEERERRAWL
IhHE B =2 i

T i TR A X 2 i M Ak B R X S
FISI WL 4, K-20 4URS LIRS R & & W & T HAb
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0, HIFI B2 % (P>0.05); K-10 415 K-20 A
K55 SOD [ 4 TG ik 3 1 22 5 (P>0.05), {H 4 i 3 1
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Tab.2 Chemical composition and amino acid composition of
krill and fish meal (% in dry matter)

TtH AR A Rick i}
Items Antarctic krill meal Fish meal
fb2# 2 Chemical composition
5 [ 5t Protein 54.88 68.99
Ji& 7 Lipid 16.60 7.81
JK43 Ash 12.55 14.62

IR 2 Astaxanthin (mg/kg) 290.40 22.08
FIFRLH AL Amino acid composition (/100 g)

KA GBR**Asp 7.42 5.57
Jr &R *Thr 2.24 2.99
22 R Ser 2.33 2.70
A &R **Glu 9.99 9.34
HA&Am**Gly 3.42 4.23
AR **Ala 3.07 4.04
LR Cys 0.45 0.80
25 & R * Val 2.70 3.57
HH i 22 2 * Met 2.33 1.54
S E R * e 2.66 3.01
S AR *Leu 4.12 5.24
%= IR Tyr 2.01 2.31
AN E IR *Phe 3.93 3.62
HEBR*Lys 4.64 5.64
ZH 2R *His 1.12 231
K &R * Arg 3.54 4.07
AR Tau 0.33 0.38
YAA 56.30 61.36
YDAA 23.91 23.18
SYDAA/YAA 42.46 37.77

RN B FEIR , N RIR IR, AA N R EER B,
DAA MR Z AR S ik

*: Essential amino acids; **: Delicious amino acids; AA:
Total amino acids; DAA: Total delicious amino acids

(B R ER L, o, ma AR R AR iR AR AR
NG, BCPE RS B BERR FEEAR 1 B IR R e R
1 UP 7 i B (Watanabe et al, 1991), Verakunpiriya 55
(1996) 58 & B, FH & 10% e i 3 1) f ek £ 352
#; 2l Seriola quinqueradiata) 3 11, AEHE &5 55 RS
R BN Jo B, HEI AT A A pe A B Ay (R AP RS T
Bt i i B mE B S EH . C AR R,
BER IS IR 2 AR R 2R A0 ZE M BE (Hansen et al,
2016; Ahmadi et al, 2006), Sawanboonchun %5(2008)
WHoE R, TEGRFR U 73.7 mg/kg BRFF 2, 7T LI
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Tab.3 Effects of dietary krill on the reproductive
performance of male tongue sole

SCI2H Experimental groups
K-0 K-10 K-20
FET5 % Survival rate' (%) 87.90+5.71 87.10+6.00 87.37+10.71

i H Items

PEIR L Sex index®(%)  0.56+0.04 0.64+0.06 0.54+0.08
JiIRENE 1.2440.07 1.1120.35 0.99+0.13
Hepatosomatic index’(%)

FE W e BE 9.34+0.47 9.48+0.15 9.39+0.18
Sperm concentration®

(10° ind/ml)

2 A 0.20£0.11 0.21+0.06 0.19+0.10
Testosterone

content (nmol/L)

Tee ! ARIE (%)= i Rt R A< 1005 7 bk
A LE (%) =K 5L /M A T > 1005 ° R EE(HS %)=
/A £ A T < 100 5 A RO JEE (ind/ml) = 80 4~/ T Hs 41 i B
$4/80x400x 10000 H; B A5 54

Notes: 'Survival rate (%) = survived fish/total fish; “Sex
index(%) = semen weight/body weightx100; *Hepatosomatic
index(%) = liver weight/body weightx100; *Sperm concentration

(ind/ml) = cell number of 80 grid/80 x 400 x 10000 x dilution
factor

1 KV 4 £ (Gadus morhua L.) 4 51 R fa i i

MAEARMFEH, K-10 A IRE R &8N 70.5 mg/kg,
(X122 2 2 T i 05 00 PR YRV RS2 R G
i E PR (P>0.05), o AT B R MR 2 O A
S REA IR, T b R S i N e R
Wi R iERE R 42.8 mg/kg HONRTT 2 T 400 BB

B £ () T 5K, 3k v RS I X £ BB PR R AT
PR (P>0.05)

32 ARHRRMERBETNEEEHREERENL
IheERI M0

G IRENSEU A NENE R 3= 20 PR/ A L 7/ by NG s RN
# DNA $iif5 . fg B A A5 — R 9 A i, S
S WA AS (Jin et al, 2001), FLILAEZE(2012)F5%F
RIL, DL AR 4 G AR 1) 5% K22 6 (Scophthal mus
maximusL.), REMSAEIENLIRPN & A LSRR, =&
MUATTELTIRE . BEMBRIRRY TP s S URE &, HyEkR
A LAY BE I g A 1 HoAt b Ak, B nT RLAE
P R R R v, R SR I SRS R B AT AR A
b, TR0 . DNA 4544 5G4 F-(Lifian-Cabello et al,
2003), CAMFFEERMW, kR E IR =R T DL
FEARIML T H MDA 4k, 4 SR BT AL RE 1 (Li et al,
2014; Wang et al, 2006), AWK I, K-20 41K
SOD 1 i 2 & T % B 4H (P<0.05), MDA &%
I T4} FR 2H (P<0.05), 11 SOD EALIAIH K A b iy ¢
HERE, MDA & [t 351 & G i Sk S g 1) e ¢
TR, KPR BRI LR G S B B BT AL BE
VEZ M, ARFFEH K-20 400 b S B irE £,
RIE T Wb AW EIER, i & TR R bt Ak
itie, AR5 1K UL 40, fRIE DNA 523k,

PRI RAE 2012)WF 58 R B, FEVR VR T s IR
ENiAU 2 DN KR e N US| S R LN A
SEAEME R T A MR e AN R S R, SRR T4

R4 BHEBOHNLBEHESKENTSTRESE. SOD FMEM MDA SEHFI

Tab.4 Effects of dietary krill on astaxanthin contents, SOD activities and MDA contents in semen of male tongue sole

Ui H Items

5L 20 Experimental groups

K-0 K-10 K-20
IR 95 2 & & Astaxanthin content (mg/kg DM) 35.14+4.00° 38.56+3.68° 54.54+4.41°
SOD i1 SOD activity (U/mg prot) 36.27+3.71° 60.73+4.88° 64.67+5.05°
MDA % & MDA content (nmol/mg prot) 31.64+3.56" 17.54+3.00° 9.86+0.87¢

TE e AT 8 BN ] 5 B 22 57 .35 (P<0.05), T 1]

Note: Data within the same row with different superscripts are significantly different (P<0.05), same as below

®5 EMBIMXFBESHEGME. FFEF SOD iEF4EF MDA S EH &M

Tab.5 Effects of dietary krill on SOD activities and MDA contents in serum and liver of male tongue sole

Ui H Items

525620 Experimental groups

K-0 K-10 K-20
IML3% SOD & Activity of SOD in serum (U/ml) 127.65+20.43 200.00+29.37 184.68+44.03
JFIE SOD 7%t Activity of SOD in liver (U/mg prot) 22.99+0.94 22.18+0.81 22.31+1.46
1iL7% MDA & Content of MDA in serum (nmol/ml) 100.02+14.56° 60.07+8.35° 39.46+2.28°
JFIE MDA & Content of MDA in liver (nmol/mg prot) 8.87+0.94° 6.24+0.43° 7.05+0.64°
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Fig.1 TEM image showing ultrastructure of spermatozoa of tongue sole(x100000)

A K20 4UK5 7 BUIRAS M S8 By X IRADRS T BRI RE I % s C: K-20 ZKG T AORLIALE 58 %
D: X BELDRT T LR AT U i 14 v i
A: Plasma membrane structural integrity of K-20 group; B: Plasma membrane in the process of dissolving of the control group;
C: Mitochondrion structural integrity of K-20 group; D: Mitochondrion in the process of dissolving of the control group
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Tk
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20% PR T A B AR 249 O B k2 4R v~ i T B I £ 1Y
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& £ x #
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Effects of Dietary Antarctic Krill on the Reproductive Performance and

ZHAO Min'?, LIANG Mengging'", ZHENG Keke', XU Houguo'

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

Abstract The tongue sole C. semilaevis is a flatfish with high economic value and is extensively
exploited in northern China. However, broodstock nutrition of this species is still based on a diet of fresh
feeds, which has an important sanitary risk, and contributes to the deterioration of water quality. Therefore,
a 90 days feeding trial was conducted to investigate the effect of dietary Antarctic krill meal in broodstock
diets on reproductive performance and antioxidant function of male tongue sole Cynoglossus semilaevis.
Three diets were formulated to contain respectively 0, 10%, 20% Antarctic krill meals. Three-year-old
tongue sole C. semilaevis were stocked in concrete tanks (25 m’) and acclimated to laboratory
conditions for 7 days. Then they were randomly divided into three groups, each group had three
polyethylene tanks (diameter: 230 cm, high: 100 cm), and they were fed to apparent satiation twice per
day for 12 weeks. Results showed that, the hepatosomatic index, sex index, sperm concentration and
testosterone contents had no significant differences on each experimental groups (P>0.05). The
superoxide dismutase (SOD) activities in semen and eggs had no significant differences between K-10
and K-20 group (P>0.05), but were significantly higher than that of the control group (P<0.05); The
malondialdehyde (MDA) content in semen, serum and liver had no significant differences between K-10
and K-20 group (P>0.05), but were significantly lower than that of the control group (P<0.05). In
conclusion, the present study suggested that dietary Antarctic krill meal had no significant effect on
reproductive performance (P>0.05), but can significant improve antioxidant function for male C.
semilaevis (P<0.05).
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