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28 2 200 L ) 5 R 0 T, ) o A R M R
RSB =R T E AN TR, %
Z 53 Wk o8 A AR 0 7 R R, R TS AL
8 2 5 Al 2 A 4 40 L PR VRN A E R pHL (1Y) 2
ZEopA, TR LT RE i AN T EE Y A
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A A 0 Bl 2 DA G
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W WoC R AR ], S DY e R
A TAR 5 T 45 Wl L A Ao e B At R I 2 % 3l ¢ A=
K= A IRIAE 3 06 S ) 0 A7 05 ) ™
SN R B e R B Sy v M A R 45 T X
S AE TR S AR R BT T R, SRR TT DA
ARGy Hb 38 A= K MR R T 48 = SR A A 25 . Galla-
gher %5 PPAL T 38 YN ES IR AR (Homarus americanus)
SRR O TS B L, DUER IR 4R AR,
Tk v B B LY A 0.51 B 3 Y 2 e MR &)y iR ] D3k
AR AR YRR, A8 Ly 1.55 308 S it
)2 T HUE A S . AR, R
FRESREEL R 1.0 B, HARZEXTER (Penaeus japonicus)
SRR R,

=P T 1E (Portunus trituberculatus) )& T
B W] (Arthropoda) ' 72 44 (Crustacea) | &
H (Decapoda) #2 T & #} (Portinidae) #2 T & J&§
(Portunus), W T HE S EFFMEMH 588 K
P TR, A 20 22 90 AFAR IR, IE R A
() = JE MR T A RV U b DX e 1Y, Bl
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DU oK H a2 350, SR 78 A= 7 rh 45 M oK i
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X HE Bl = P 02 - 8 5% BE b %) f B RN AT Hp 2 ke
HBAHREZEZ X", KM, AR =Yk 1R
T ) ot F 0 HOE B RO R ISR A XA
BRI, ARSI A0liE i 8 AR MRSy, R A R4S
Wb = Pe R TR AR K MERE . T AR AR AR
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PR 1 B o) B 35 B A 0 LU . ISR AN RN

https://www.china-fishery.cn

= PR T T b A SR AR I A R R A Y 7S
FEBERL AR T, 8 SRR T BT S DR T
K PR

1 MRS Tk

1.1 fARHEIME

SCEG DARRE ARy . WS T . WEAR R R GOR
SR VR, I R K T RS N IR D,
L) NaH,PO,-2H,0. Ca(HPO,), Fil CaCl, 1E H 45 Ji
SR, BN TR 57 Ca(HPO,), (B 5 | I %
R 92.4%) ), T LAY ek v i) A g L (o e 2
FEMLBE MR AR A ) |, JFLOB RN
TRbRE A7), Foh A 5 HAER . S5 IR 0 92 A Rt
(FLE AR N 46.0%, KGN Z1k 7.5%), HA5
W L5354 1.00 = 2.00, 1.00 : 1.50, 1.00 : 1.00,
1.00 : 0.75 F1 1.00 : 0.50, %56 4] B} Be 7 I 8 5F
B WL 1, Horb 2yl A v E L E 25 4R AR
A R AR . Ry . SRR IR A T
JEOREFH AN 85 84 5 68 Ry WE AL (HK-180, T A< L BE)
W i 80 Hifii 4y, LAY KL Ing™ 4
VL A 28 TR ) DA B 1A 35 1R M 45 ko A 3 31 R
HER, IRAPPE 10 min, KT IBEE. i
ML KA BNEA VL RE 10 min, SR FHBURFTF 55
JEBL (F-26, 485G HL TR 2 AL TR ST ) BF
KSR ARIRIAL (G-250, HERE R TR ML T
TR 5T T ) 6l G 2 bz 428 1 1 bt R AR 43 1 A 3
F15 mm), #F 90 °C [y HLAE H # ik 30 min, H
SR B Z K5 & BEARIAE 10% 247 BT, &
ZA%E, 20 °C KA IRAEE

1.2 SSEHMPRFEETR

T8 T 37 W) K [] — b vk fgke 5 G DB B 1) = 9
WL e SR S g R N SRR
FE T T 5 Ol B B R R O R, 1E K
ML SRR Z [T, SETEEE N E (SCU, 33.0 cm %
22.5 cm x 25.0 cm) VR 7 2 J5 Dh3d N SR G A 8
TN E AT, FFRALESE K .
[EJ M DL ARV (W A R S B A BRA ], 45%
FHLAE 1 F 8% AR ). B HREE WG, PRk K/
FHIE B = PE MR T 4l 8 150 2, WILR IR & o
(12.82+0.37) g, BEMLAT R 5 AR B, BAS
AEHRZ 3 AN FAT, BATAT 10 R, 5 H Y
B RECEAE—AEEE HE T, B ],
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F=1 TLWANAREEFRKE
Tab. 1 Formulation and proximate composition of experimental diets g/kg
1Akl (45/8%)  diet No.(Ca/P)
WiH  items
Diet 1 (1.00 : 2.00) Diet2 (1.00 : 1.50) Diet 3 (1.00 : 1.00) Diet4 (1.00 : 0.75) Diet 5 (1.00 : 0.50)
J5Hl  ingredients
taf}  fish meal 150.00 150.00 150.00 150.00 150.00
F#&H  casein 100.00 100.00 100.00 100.00 100.00
BEUFAD  krill meal 50.00 50.00 50.00 50.00 50.00
T soybean meal 300.00 300.00 300.00 300.00 300.00
ik wheat flour 145.80 145.80 145.80 145.80 145.80
taji  fish oil 16.00 16.00 16.00 16.00 16.00
KRR soybean lecithin 40.00 40.00 40.00 40.00 40.00
YiE KTUREL  vitamin premix ' 10.00 10.00 10.00 10.00 10.00
W) BEEL  mineral premix ? 20.00 20.00 20.00 20.00 20.00
WHER A4 NaH,PO, -2H,0° 0.00 16.43 32.87 58.18 79.05
WA 5 Ca (HPO),; 0.00 10.00 20.00 20.00 25.00
FAHS CaCly 28.85 2230 15.76 15.76 12.48
SALHERS  choline chloride 3.00 3.00 3.00 3.00 3.00
THHERREN  sodium alginate 20.00 20.00 20.00 20.00 20.00
WikE  dextrin® 116.35 96.47 76.57 51.26 28.67
HEIBES proximate composition
/K4 moisture 117.40 119.90 116.40 117.20 112.70
FIHEAM  crude protein 468.10 469.50 472.80 461.70 462.70
HARWT  crude lipid 76.10 74.80 76.40 75.20 74.80
#K4y  ash 93.40 90.70 91.60 92.50 91.20
& & analyzed phosphorus 32.40 22.10 17.20 12.30 7.40
P& & analyzed calcium 16.50 15.70 15.70 16.10 15.30

e L AR TR RS R Iin S0 il 2.

TR PR ENg/kg TTURED: FTERREL 4.57, BRIRE: 9.43, FRFREL(99%) 4.14, TRIRH(99%)

6.61, BREREE (99%) 238.97, S ALEN (99%) 1.36; 3. BEMR AN BFRRE 45 K AL 85 b B _Big B 25054574 IR A J1 3R 4t 4. WS T

MR B A

Notes: 1. Vitamin premix was based on Jin et a/ '""; 2. Mineral premix (g/kg premix): FeC4Hs0 4.57, ZnSO,-7H,0 9.43, MnSO,-H,0 (99%) 4.14,
CuSO0,-5H,0 (99%) 6.61, MgSO,-7H,0 (99%) 238.97, CoCl, 6H,0 (99%) 1.36; 3. NaH,PO,-2H,0, Ca(HPOy,),, CaCl, were provided by Sinopharm
Chemical Reagent Co., Ltd (Shanghai, China); 4. dextrin was used to balauce the supplemental amount of calcium and phosphorus

TR 18: 00 MR — 1, WH R 6:00 KA
FRARFIFET 0 &0, Ml ic 5 Bobr i, I 4E &
PR IEHCH, R EHN 6%~8%, A2 JH I 1
WA MR, FRAIIE], X HEAS FR I R G R B
A F 3542 W5, YSI Proplus 7K J&t W il 4% (YSI,
Yellow Springs, Ohio, USA) il % 8 2\ 5 v ifg /K
MRS . FhEE . pH. Z A A g H K. Horh
8N B K K IR R 26.5~29.0 °C, Eh K 24.1~
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28.4 g/L, pH H 7.3~8.0, Z A & & ALT 0.05 mg/L,
Vs i S A ANMIET 6.0 mg/L, 85 5 R 0.62 x 107~
1.40 x 10 mg/L.
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g, s T ks B IRE, H 1mL
TR S 4 A Y L 5 Akl BRI 94K B & 1.5 mL
BT, B2 REMMAREIER 14, L34
Mk A, 4 °C URFEPFFE R, B R
L>HL (Eppendorf 5810R, f&[E) 7E 4 °C. 3 500 r/min
ZF R0 10 min, B EEREFHM 1.5 mL &
LT, i AE T —80 °C M % I VK 46 (Eppendorf
CryoCube F570), M F LA LIsbr 8. RE
MBI S5 ) = e B rp O IF AR, O K &
0 B B G R & 1S5 mL BT, AR
5 0] S 56 28 5 A% 22 —80 °C MR IR VK AR IR AF
FHF I IR BR B 43 AL« ™ ) o i 0 3 P 4y
Mo BN RE HOR 18 rh Sk KN Y TR R A
o E 6 H 1S mL B0 Eh, R T80 °C
AR KA, ATREEES . B TAT
AR I AN R JR BR S B = PE MR T H 2 10 g JILIA)
ML, WHEZE 1D 10mL BE.LEF, —20°C 1k
R AT, FH 00 LR B A3 AT )
i, R R, WEETRER T E 20 °C
KA EAE, T WS 58T .
1.4 5% KIERR

L4 B AR 4 < i SR A vh T 3R T vk R AT
AR, R4 B A4k 53 HT i (VITALAB SELE-
CTRA Junior Pros, Netherlands) B 2 I & 5 14
M2l (AKP). 4+ N %% % 8§ (GPT). 4 %% Z g
(GOT). S H (TP) M A #E (GLU) & & .
1.5 EMEFRS

HRAE AOAC! 1y Jr i A7 1A Ak A2l 21 (T Jie
FR AL ) B 5 BS54 B o HorboK 20 3 R
105 °C # T2l e s ML P & & R AL S
Wik be ik (Nx6.25), it 8 [ i A 8l Hr i (FP-
528, Leco, USA) #EA7E; MG & & R H &R
G2k, i H 4 A 3 g W5 {L (Soxtec System
HT6, Tecator, Swede) #E47I % , il 4 Ur A MLk
R R mEE orprat, o E 2 AR A
BT Koy sk H 5 3 b b F 550 °C & ik
FRIBE 8 hE .
1.6 FHYIREEMNE

SCH R LA . R R R P SRR A TR
TR IR AW AG, 1680 °C /KW, FE& i
T 70% HNO; ¥ 2 A WL ¢ 2 M IS 1
TRIRA KA 28 8% (SCAA -102, ANPEL Labo-
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ratory Technologies Inc, China) i 7€, i H{ ICPOES
WM S A B TR & OO % {1 (ICP-OES, PE
2100DV, Perkin Elmer, USA) il & B 50 45 . B &
1.7 =X EEXER

ATP 22 M & it e ot A ) TR
P &, AR A7) KUk W 2 i R
i ATP B9 5 5 LR 0 i Ak = B 2 i 1 A
ULER A= RO 2 LR , 7€ 636 nm A B I i 3 4t
DN £ W BE AR AT DATHE Y 20 24 ATPS £

T M BBl 7 46 AT PR R B R 2H 21
S, DL O AR AR B A TR 1 A B AR 7K (8.9
g/mL), FAIH AL AIKAT25, Germany) #4743
BeAE, JF H B 0L (Eppendorf 5810R, Germany)
T 4°C. 4000 r/min £ 14 F &0 10 min, /N0
BTSSR 1.5 mL B0 H, RAFET-80°C
AR VKAR , T RIS P 3 B, 32 2 A4S P
B2 U B (PK). O W WCBE (HK) F1 35 51 R I & i
(SDH), |34 Jfr ] it >R FH P ot o 00 3590 6 3
A7 E

& RNA BRI, B4R A K K LZZ PCR

KB RNA $#2EUA & (R401-01, Vazyme),
ML A Trizol 12 £ B =i 4R 7 88 JHTF JB g 2H 24 1Y A
RNA. BAFATH 6 BRI 58 (0 S AR AR &t
FEISE B 5 RNA H55 B 2] 500 ng/pl, PIPTRAE,
BAPAT 3 40 RNA RS MR, SR O0O6E
(Nanodrop 2000, Thermo Fisher Scientific, USA)
I 5E S RNA YR BE o J5 i ] B % 533857 &5 Prime
Script RT Reagent Kit with g DNA Eraser ¥ RNA JZ
3 cDNA, %<6 E B PCR 1 {#i F§ DNase-free
JK ¥4 cDNA i B 4 £, f8i JH 55 0 2¢ 5% %€ # PCR
{ (Eppendorf MGOTercycler nexus GSX1, Ger-
many) #EF7 9 E H PCR, WAKZR R 20 ul, £
15 F RIS 4% 1.0 uL, 2xChamQ Universal SYBR
qPCR MGOTer Mix(Roche, Switzerland), 2 puL 4
55 B J5 cDNA 1 6 uL DEPC /K . %¢J% & PCR
f) 5 N FE R B . 95 °C (2 min) T 5 95 °C
(10s), 58°C(10s). 72°C (20s), TEFRIIV 45 IK;
95 °C(10's). 60 °C (60s). 95°C (155s), ¥ fiihsk
KA FEARSLE F, LA foactin WNB K, DL
Diet 1 40 B2 AF g AH X RGBT B2, R
2P RIE R AR X R A . B iR THE
Z: W8 3 [ B 57 2B W) BOR B 58 B 0 (NCBI 9 3
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10 14 IR, 4. WORORRAS 8 L = e A AR KR RE . BT R DTRUR BE I A R T 1681
1% cDNA %1, {di | Prime Premier 5.0 5| ¥ % A5 Y A R IEH A Y AR BRA R A,
bRt 7t E B PCRY W 514, Fr EARB 519 750 S Al 5 B3R 2,

T2 BHTEBEMGEEARGHEXEELNREAEEE PCR S

Tab.2 Real-time quantitative PCR primers for electron transport chain and mitochondrial energy metabolism related genes

A SRS (5~3") P /op SR 415 B S 2 3CHR
gene nucleotide sequence (5’-3") product size GenBank or references
ndl F: CGAAGCCGAGGTAGTGTA 228 AB093006
R: CGATTTTGCTGAAGGAGA
sdhc F: CGGCTCCTACCCACACTACT 179 KY406169
R: CCCAAATCCCACACCAAG
cyth F: GAACTACGGTTGACTTCTACG 223 KY406169
R: AGTAATAACTGTTGCCCCTC
cox | F: TATTGTAAGTCAAGAGTCCG 254 AB093006
R: CTCACAGCATAGAAGGTC
cox 11 F: GTGAATAACCCGTCTGTAACTT 145 AB093006
R: CATCTAATAATCGGAACCCTG
cox 1T F: CAAAGGTTTACGGTGAGGT 132 AB093006
R: CCATAGGGAGGTCAGTTCAT
Atpase6 F: TAGCACTCTCTCTACCTTT 167 AB093006
R: AGCAAGTGTTCCTGGTC
sirtl F: CTCCACCACTTCCAACCTTAG 318 PRINA432636
R: CCAGCACCAGTCAATACGATG
sirt3 F: CAACACTGCTCACCACTTCC 259 PRINA432636
R: TGGCTTCACTTTGCCCTTA
nrfl F: CATTGACGGCATCCCCA 207 AB093006
R: CACGACACCTTATGTTTCTGG
p-actin F: GAAGTAGCCGCCCTGGTTGTG [18]

R: GGGTCAGAATACCTCGCTTGCTC

W nd. 3R e IRE RS R TR ARG sdhe. BRHAR I A 2 & R TEEC; cyb. ZUIMEED: cox. MUMEFREIEG: Apase. IR =
FR(ATP)A: sire. PUERE BT T nrfl. BEFIR R 1

Notes: nd. NADH dehydrogenase; sdhc. succinate dehydrogenase complex, subunit C; cyb. cytochrome b; cox. cytochrome ¢ oxidase; Atpase. adenosine
triphosphatase; sirt. silent information regulator; nrfl. nuclear respiratory factor 1

1.8 HEALAK
B35 2 (survival rate, SR, %)=N,/Nyx100%
HAH K (weight gainrate, WGR, %)=(W,~W,)/

100%
X, N IR SRR 2 R AR T B R BORE, N
N IR BH SR TF IR I AR T RO KR, ORI

Wyx100%

FrE KR (specific growthrate, SGR, %/d)=
(InW~InW)/tx100%

TARIRR (feed efficiency rate, FER, %)=(W,—
W) Wex100%

Wi5E% (molting ratio, MR, %)=2xN,,/(N+N,)x

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

i (g), Wo NPIIRIRTE (g), ¢ ASEEREL(d),
Wi AR FEEFEA AR (2), N, MIRGH BRI T
T 58 A TR
1.9 St REUES

T A (8 S 56 K5 A 1 LT 208 65 1R (n=3)
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Zsn, H Levene [C ¥ & W47 & IE A 4016 A
Ji 2550, ZJ5 FR A SPSS 22.0 # 4 (Chicago,
USA) X Fr A7 B4 it 47 84 4 38 75 22 70 (One-Way
ANOVA), #HEAEREES, WA Tukey LK%
X & BEAT 2 E BT, 3 P<0.05 1, TUISA
JAEfEG T B B E 2= S . (#H Graph-
Pad Prism 8.0.2 #(f4: (San Diego, CA, United States)
HATEDE AL

2 HEH

2.1 EAKMeEFMERFA

MR 0 1 T R 76.67%~83.33%,
25T Rk 2 4 B ) TS R AE R eE L 2=
5 (P>0.05), &AKYE (FBW) K% 585 L 61 19 7+

220
200
180 |

160 ¢

H A%
weight gain rate

140 [
L

120 |

v
1

100

R AR PR, SRS EE L5 1.00
1.00 Tl Bt =it PR E A | R A KR
T A% A L 9] 1.00 < 2.00 Fi REH4H (P<0.05),
DL R (WGR) 6 b5, ARSI e85 78 A — K
[ I iy £ A58 70 43 BT A5 1 = 0 0 1 1 4 8 ) L
T3 B B LA 43 50 h 1.06 FT1.26 (8] 1), $EMEAS
Wi HE M 1.00 : 1.00 F1 1.00 = 0.75 faRHH B9 = PEAR
TR 4 K (SGR) AR B R % (FER) ¥ 18 3%
o TR R RE 2, A B A L 51 1.00 ¢
0.50 ) Bt 21 19 — P % T & 1) SGR Fll FER I 1I%
(P<0.05), WiFe3 (MR) B & 555 L 49 19 7 o 2 3
Se IR FRE G, B85 4 1.00 ¢ 1.00
F11.00 = 0.75 TR =Pk 18 1 2 5 TRk
FeA1 1.00 = 2.00 F11.00 : 0.50 faPRIZH (P<0.05)(3£ 3).

quadratic regreation eurve analysis
y=—74.107x*+186.39x+68.82
optimal calcium and

phosphorus ratios:1.26

”=0.679 9

linear broken-line analysis
1=89.46x197.647
otherwise y=—47.13x+243.01
optimal calcium and
phosphorus ratios:1.06
?=0.865 5

0.5 0.7 0.9 1.1

1.5 1.7 1.9 2.1 23

TR A L

dietary calcium and phosphorus ratios

E1 #EXR5FAMGHEZENXR
T 28 77 12 7 B A y=89.46x+97.647, y=—47.13x+243.01, L& ¥ AN 0.8655, I i& 45 i b oA 1.06; = ¥R [0l VA i 28 J7 F2 A y=—74.107x"+

186.39x+68.82, L& N 0.6799, Hid 45 L 1.26

Fig. 1 Relationship between the weight gain rate and dietary calcium to phosphorus ratios

Linear broken-line analysis is y=89.46x+97.647, otherwise y=—47.13x+243.01, optimal calcium and phosphorus ratios: 1.06, 1’=0.865 5; quadratic

regression curve analysis is y=—74.107x+186.39x+68.82, optimal calcium and phosphorus ratios: 1.26, 7=0.679 9

22 MFEALIER

A TR) A5 fl L 5 25 5 W) L bk £ R R R I
TN I A RN A5 L SN MR, TR A A5 B
KRB BT, BEE L 1.00 = 0.50 1Rk}
20 Ay FE G 2 WG ) 0 T A A 4 (P<0.05),
FETE L 1.00 = 0.50 Tl Ak 41 14 B 1 4 I il A0 45 TN
S ) W T (1,00 :2.00), (1.00 : 1.50)
F1(1.00 = 1.00) falKHH (P<0.05), Fal Al A [A) 4584 L
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X AL 74 A P R A R I S R TR (P>0.05)
(F 4.

23 HAERMERHKSER

T Ak w5 T A T % W L X 4 8 T e At L L%
LD R A 7K 23 FIER 13 55 o 4 I A 3 MR T (P>
0.05)c AN [ 515 B LU b 35 52 i) = ERR 1 B8 JTT R i A
WILPA Hh LIS 15 RO 23 25 4, S B S0 Y R
G 3 ARDRL S IR B L K P B T e T R
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RIS WL 5 55 WE LoX =PeAR T IR 4 I A K e

) BT TUBURI 8 = AR ) 52 ) 1683

=3

TR SR EL 3 = HE AR TR AN B A A KL RE R IR R A A BRI

Tab.3 Effects of dietary calcium phosphorus ratios on growth performance and

feed utilization in juvenile P. trituberculatus

TARL (4%5/5%)  diet No. (Ca/P)

parameters diet 1(1.00 : 2.00)

diet 2(1.00 : 1.50)

diet 3(1.00 : 1.00)  diet4(1.00 : 0.75)  diet 5(1.00 : 0.50)

BRI % /% survival 83.33+3.33 76.67 +3.33
VIt E/g 1BW 11.43 +0.51 12.36 +0.54
KR H/g FBW 28.24 +0.95° 31.24 £ 1.40"

HER/% WGR 148.07 + 19.29° 153.34 £2.38"
B EKH/(%/d) SGR 1.62 £0.07* 1.66 + 0.02°
TRV /%  FER 0.51+0.03* 0.51 +0.02°
WFH/% MR 1.40 £ 0.03" 1.48 +0.05®

76.67 £3.33 80.00 +5.77 76.67 £3.33
12.47 + 1.03 12.03 +0.32 12.93+0.94
36.52£4.12° 33.54+0.35° 31.78 £2.50

192.81 + 6.55° 178.45 + 1.88" 145.67 £ 3.41°

1.92 +£0.04° 1.83+0.01° 1.60 + 0.03*
0.66 + 0.05° 0.61+0.02" 0.49 +0.01°
1.78 +0.05° 1.65 + 0.04% 1.37+0.07°

e FATEAE B RN T REROR 2 R B (P<0.05), R

Notes: values in the same row with different superscript letters are significantly different (P <0.05), the same below

=4

TR ESBEEE IS = AEAR T B A B 0 I R A L HR AR BN 2

Tab. 4 Effects of dietary calcium to phosphorus ratios on hemolymph biochemical

parameters in juvenile P. trituberculatus

TARHES/BE)  diet No. (Ca/P)

parameters diet 1(1.00 : 2.00)  diet2(1.00 : 1.50)  diet3(1.00 : 1.00)  diet 4(1.00 : 0.75)  diet 5(1.00 : 0.50)
B ER EE/(U/L)  AKP 15.75 + 0.49° 17.04 +0.21° 18.09 £ 0.15® 20.48 £ 0.63% 21.98 + 0.90°
MEH/(gL) TP 38.37+1.98 3920+ 1.24 36.10 + 0.46 37.55 +0.40 38.19+ 1.54
BHHEEM/(UL) GPT 124.44 + 8.74" 135.08 + 8.55® 140.06 = 5.27* 155.74 + 4.79" 175.41 £ 1.81°
BHEEFM/(U/L) GOT 141.61 2.80" 152.54 +2.50°* 150.04 + 5.68" 184.15 £ 9.64° 219.54 + 4.64°

% BE/(mmol/L) GLU 0.87 +£0.10 0.85 +0.05

0.86 =0.03 1.01 +0.06 1.00 + 0.09

11 A s 5 i 2 N (P<0.05)(3K 5).
24 HATYREE

e ek v s T AS ) L 051 46 o ok 4 288 A 1 AR
JUL PR AT 5 ep () 5 5 i 20 1B 3 25 5 (P>0.05),
Bifi 7 1R RE TS B L K SF AL 1.00 = 2.00 3 n =z
1.00 : 0.50, JHJEREAR . LR ATH 52 b 0y il 5 i
TG, HARESHE N 1.00 : 2.00 faRH4H 4h
Wl o W 3 R T AR R LAt R4 (P<0.05)(8] 2),
25 g

FFIERR ATP A2 08 ZEWBHha IR
IFi) 405 1 H S 3 R W AR T I TR R P Y ATP 5 &
ML EE B L 1.00 = 1.50 1 1.00 = 1.00 18]k} £H %)
1 0 2 = TR A AR R (P<0.05)(E 3).

e = AR X B E A 5 WS W ey
1.00 = 1.00 1i) A} 21 20 %8 i J6R i v HIKC 95 M 0 3%

o E K P2 % 2 32 /) sponsored by China Society of Fisheries

TR B R 1.00 £ 2.00 ZH, T B 5 ARk
BTl L ) — 2R, IR HK S PR A R
ik (P<0.05). %j & it g it vf SDH il 7% % 2 2H i
T HK HH R ¥, $MRE5 a5 b 1.00 @ 1.00 4k
41 SDH ¥ M i 2 = T 4585 L 1.00 = 2.00 A 1.00 :
0.50 T kH2H (P<0.05). frl e} i 4% 8 L X = JEtR +
T JTF B AR PK Tl 35 M TG I8 35 52 T (P>0.05)( 4),

e = A4 X A E R 5 W W L
1.00 = 2.00 15 Ak 2H 4y 288 T J B nd 1 F1 sdhe 1 FH XF
kit o FHALT HAB IR (P<0.05), 4% M 45 0
Ft 1.00 : 1.00 A1 1.00 : 0.75 fa B 2H = 9 #5 + F& AT
JEE IR cyeb 1235 KF- 125 TR (P<0.05), M5
Wi L 1.00 < 1.50 1 1.00 : 1.00 {5 K} 41 fig @ & 4
JHBEIR cox 1T 1Y 3R IKIKF- (P<0.05), SK I 5k 45 %
Fb >R 1.00 = 2.00 ]k 2H (9 HE A% 4 28 AH B UG ) 3
P25 7 (P>0.05). B F AR cox T A1 cox T
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RS ARPEHELGN =R FENEFRBRENATEFRRIBOFE (EE)

Tab.S  Effects of dietary calcium to phosphorus ratios on proximate composition

in hepatopancreas and muscle in juvenile P. trituberculatus (wet weight) %
B¥ kL (85/4%)  diet No. (Ca/P)
parameters diet 1(1.00 : 2.00)  diet2(1.00 : 1.50)  diet3(1.00 : 1.00)  diet4(1.00 : 0.75)  diet 5(1.00 : 0.50)
WA muscle
7K4>  moisture 81.59+0.83 80.59 £ 0.83 81.69 £ 0.53 80.02 £ 0.66 80.11 £ 1.42
FAE AR crude protein 16.35+0.40 16.03 +0.89 16.51+0.50 16.18 £0.18 16.32+0.29
HUIGWT  crude lipid 6.35 +0.08° 6.39 £ 0.06° 6.70 £0.01° 7.01 + 0.06° 7.06 +0.03°
K4y ash 1.91 +0.08° 1.85 % 0.04™ 1.60 = 0.06" 1.44 +0.09° 1.49 +0.13°

FFHEAR  hepatopancreas

JK4r moisture 78.63 + 1.54 79.37 + 1.86 80.65 + 1.31 79.58 + 1.49 81.29 +2.31
FBEF  crude protein 6.79 £ 0.46 6.72+1.35 7.14+0.67 7.35+0.62 6.88 +0.94
FAEWT  crude lipid 10.53 = 0.29° 10.48 £ 0.31° 12.76 +0.41° 13.60 +0.19° 13.48 £0.31°
K45y ash 1.23 £0.06° 1.20 £ 0.06 0.99 + 0.03* 0.97 £ 0.05" 0.92 +0.02°
30 . ° 1.00:2.00 == 1.00:1.50 =1 1.00:1.00 3 .
25 | 1.00:0.75 = 1.00:0.50 ¢ =
o 2
e S &
= 2
= £ & 2t a
=~ g —= 8 o s
i 8 g E
4u £ 3
*5 > = ~
= s g
&
=
<
0

1 2 3 4 5

70.0 ¢
65.0 | &3 AR ARSI =S T8

60.0 | BTEERR ATP S 2N

55.0 1.1.00 : 2.00, 2.1.00 : 1.50, 3.1.00 : 1.00, 4.1.00 : 0.75, 5.1.00 :

0.50

B5E B/ (g/kg)
Ca concentration

Fig.3 ATP content of hepatopancreas of juvenile

P.trituberculatus fed diets containing different

calcium to phosphorus ratios

(b) 1.1.00 : 2.00, 2.1.00 : 1.50, 3.1.00 : 1.00, 4.1.00 : 0.75, 5.1.00 :
5 _ " 0.50
2 AR R R 5 E = e TR A BEAR i B
AMBEERT YRS SN0 AR B IK AN SZ A B8 LU R 5200 (P>0.05)
LR, 2. LK, 3. R B ERERE L RE % (K 5),
%’fﬂ*’l’éﬁZ“ﬂEéﬁTk%L/ﬂ\-’ﬁEk%'lﬁ%j%([’<005),?@ ﬁuﬁ%%%@itkﬂ‘j 1.00 : 0.75 *n 1.00 : 0.50 ffﬂ*"‘l‘

Fig.2 Minerals content in hepatopancreas, muscle and CHRE D2 R TIEIR ATPase6 157K (P<0.05).
carapacedoi fJuvemle lP.tntuber;uIal:s fed diets containing 77 4 W AE B L 1.00 ¢ 1.50 1 1.00 ¢ 1.00 4 41 4
ifferent calcium to phosphorus ratios . TN
pRosPRo! T IR sire3 0T 35t 0 5 5 T LA
1. hepatopancreas, 2. muscle, 3. carapace; the different letters above the s - . . .
bar graph of the same pattern indicate a statistically significant] differ- A (P<0‘05)O ‘lﬂ:yl\ ’ ﬁﬂp{%ﬂj@i F£1.00 : 1.50, 1.00 :
ence between diet groups (P<0.05), the same below 1.00 ﬂ:ﬂ 1.00 : 0.75 /fﬁj *"I' 2H ‘B‘lé EiA % Lk ﬂ% Tﬁ?% }ﬂzﬂﬁ
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©0.50:1.00 =0.75:1.00 = 1.00:1.00
1.50:1.00 ©2.00:1.00
80 | b2
2 29 Lab ab
70 +
40

enzyme activity

a abiab a
= e

R :/(U/mg prot)

o |

4t B

2t [ “

0 WAL
1

2 3

4 ERPAEGHEE S =R T E Y EE
FFF R BR 46 5% Bl 75 14 B 52 1)
1 CEE, 2. IR RR e, 3. BEIA R I Al
Fig. 4 Enzyme activity related to energetic metabolism
in the hepatopancreas of juvenile P.trituberculatus fed
diets containing different calcium to phosphorus ratios

1. hexokinase, 2. pyruvate dehydrogenase, 3. succinodehy drogenase

iR nrfl 1) 2 35 7K SF (P<0.05), T £ M 45 w5 1Ll
1.00 : 1.00 F1 1.00 : 0.75 1]} 20 AH kb ) G @ 25 1

2.0 - = 1.00:2.00 = 1.00:1.50

1.5
1.0 +

0.5

mRNA HX ik &

relative mRNA expression levels

= 1.00:1.00

25 (P>0.05), frDRL 85 8l L 0 &) B8 i TR AR sirel
{4 FFXT 38 7K T T8 i 3552 ) (P>0.05)(#1 5).

3 iR

31 ERPEEHMIEN =R FENBEKY
RE 18 1 7 F B9 F2 i

AR MR T IR R B SR Y BT
PUAAS AL e R R R A R & 0 SE 50 P4
TR H S TR @ L6 Bl ) A K PR R Y S
45 O 3 W 35 B0 B 0 LU AR % B 2 B i LN T X
YR " Litopenaeus vannamei) Fl -t % # Al £ BY(Sym-
physodon haraldi) 1) 3 8 MR @ A K H8, AR5
WA TR IR . PR TR ek
ek 1.00 < 1.00 fry )t} b 5% £ Ho A 2 ) R 3R B A
FAF AR R, AL, SR TR
H R 145.67%~192.81%, = T T A B XS ] — B
GE AR AT I A5 R, O R AUl 31.25%~
39.56%" . P S Hh 4 AR A 25 S SR T
R IR RN O NI B 5 1 B Pds 1) L R )

1.00:0.75 = 1.00:0.50

20

1.5 ¢

1.0 +

mRNA A} £k &

relative mRNA expression levels

0.5

nd 1 sdhc cyth

ATPase 6 sirt 1

cox 1 cox 2 cox 3

(2)

sirt 3 nrf'l
(b)

5 =M FEMRREFEEE @ RERAEERE (b) HXERE mRNA H)RIEKFE

Fig. 5 Relative mRNA expression levels of genes related to of electron transport chain (a) and mitochondrial

energetic metabolism (b) in hepatopancreas of juvenile P. trituberculatus fed diets containing

different calcium to phosphorus ratios
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B8 D W) E (31.0440.81) g AH HL, S 52 30 1) 41 18 )
H(12.82+0.37) g Wl B8/ o FEAR ST v, it
Xof 4 o A2 5 gl L9 04 BT 2R (8l AR 43
B, 15 3] = Pi ik 1 B ) B S5l 4 B Ol 1.06~
1258, ZME 5 CA Woeesh a5 AL, W
H 2 5 X R )k R HEZE B A i LU R 1, [RIRETE
AR R R, LAy T /N T 2
n] PUE A5 K PG R EE (Salmo salar)™ FLA 5T 8 (Epi-
nephelus coioides)™ FRIFHIF W HE K . TEARSLE
FRAFTS B Ry B I B L Y R =R
TEENG R R AR KRR AR ORI T
HOE 2H A5 R R BRI A B L
B M A IR G RN A R R R AL
TR I A B W LR AR R R R A
KBS A, Bise W ashihk ki
BT AERNES), PR FENAERKZE
7 R 5T 0 R A RS e, R s AR R 2 DL &
Wi 76 5 g B A A5 Y 25 LA 23 3 W P S 3h it e
KM, FZFETP, ARSLRh, F5EELL Y 1.00
0.50 T k20 =it T AR I e R A AIX, 76 A
XPRAR, s T AT BRAE AR T EE AR A
R3¢ T5 A — 58 KHK

32 ANPIEHBIEN=FERFENEENE
Sl AN oA

R 7K AR Bl W) R SR B R A B
ARBLIFEAR S ABETE p 09 =P 7 B ) B LY
(0 RS 5 AR R S R AR ™, AP R
i IN A PP EC Y s AT E iR P SPS
R AR LK 7 S B R R OC R
S, EEIAME BS54 1E
T A AN I, 2 B W I I Y DL
FREPH AR SE A R B, =R TR S S
B L B R — E AR R L A2 0 T 2 2 IR T Y AR
2, FCs AT BE 2 RS R s T kR
MW, AR P R U Tl Y 9 T, S B AL TR
e R Z A, i =R g, & T
JULPA) R IR 2L 2 e A MR M 5 4 S 2 T e
TAh, RS E R R B, B S R R
i, Koy Bk TTAR 2 BT R, xR
PhE LR H SRR R R EE N R

3.3 ERPIEHMIEN = RR TFEHEME
Gd:EAD

iL7% GOT Al GPT G MEAE— @R vl DIfE
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SRy AT I A8 4 B BRIl v H GOT Fi GPT
14 355 P A AIG T A8 5 R 460 405 A8 /A7 DR B, ARSI
55 GOT H1 GPT ¥ P [ 5 1) RL % i LU 1 185 o 2 B
Th iy, HIGTEMBE LA 1.00 : 0.500F 1% P
IKE R EE . GOT FIl GPT 3G PETH s, Al fig e i
5 8% b 0 3 R T TR AR D R DT RR,
J T TF BB O B 455 . GOT 1 GPT 78 45 W 1 0.5~
LO M A B 25, DO RS B
5 Tl LU AN 2 68 3 0 B AR I 3 45 . AKP 2 R Bt
HE A E B AR, &% P TR ik
DAL B 5 1 0 A i A g i W R B, AE
KPS At B b R A AR Y, —
BN A, RSB ELZ B, LIRS AR, AR
B A0 T S SR , AKP 5P TR, AR A
I, B ARE AKP TE PR,
7224 ) et o 5l 5 O AL T R, R AR RE LA
B P, AKP PG PR g o, 5 ) i
PURRPY, RS 25 R0, AR 7 % il bk & AKP
TP B 2 AR B L R s, FLAS R EL 1.00
0.75 1 1.00 : 0.50 &b B 21 & 2% = T 45 5% 1L 1.00 :
2.00 1 1.00 : 1.50 AbFREAT o Ji PRI 002 {1 45 1l 1L
A RHIE E TR B AR S TP IR, DL REES
RS-, SR, AR AR AR S R R,
Je % % 4k fiL (Oreochromis niloticus)™ /1 Ifil 1§ AKP
T P B )R 0 W L AR AP 22 S8 T v s R AR A 3
T AKP 3% P 22 5 100 R R AT R S R (6] 3l ) % 45
W T ZE AN

34 AR PIEHLETZER FENEY IR
At opA ]

JF IR B AR S HH 76 288 3 0 9 1 WAL A B A A
BRI RL, TR dERRE IR
JK V- FRE 5= i A7 55 7 TR E S ] AE T
JEHIEAE g B 1y B A7 R AL, B 24 52 gl
Prrb AR BHIE S, PSR A BRI — AN 5 o
B, e b — DI ai g, £
PR URIRES /DB L BE . BRI,
P, W S22 a9 W se sh W i ) o ot AR A 348
ar B WS T RS R AR B R I,
HAP RS ™ AT LB, ENEXS
YR (Penaeus indicus) 7 A A A= BTG S #A 6], 55 &
HTEHLAR S H LU i s B e, U H W
JHF TR v 0 B i A e, SRS IR AR, A
e, BEAHLPEEE LR EZES, &AL
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b2 AW AR SRS [ 54 i PR AT RE SR AN [ Ao xS
M BURR AR, =R T AL A, &
i A RE 2 K PR S5 A 52 0T A S, i R e
LB . Woesh P e e, W
e AL A IR O T 85, ARBEFEERM, RN
HHFEARSBUR M EZOU R, AR A5
B L R0 AE 52 e B LA A0 28U B OB, NS
5P B IR B Y DUAR SR B VT G &R

3.5 ARSI =R FESEEER
5 B 52 1R

gmAERK . EF., B, EAENEY
AR LIRS B A HE LA I e DA R A P R
fEid . BT YIRE AT EUH AERE &, R AR A
A7 BE & A B9 o0 T IR e i 1T — Wk iR, 2 il
ADP FIJCHL#ERR & i, ATP. ADP FICHL#ER
TR AT YRR, EELILRE
TAAE AT, R R A I AR AR B R AR AR A T K
ATP W9 2R B, FEfE 0 rp e s PE Y,
PR Y R A TR PR 2R 2 ek AR AL AR B R R RIE
N ST, AT S A ) AR Ak T 2 R RE AR
A, HURS AT GO R EPRAS LI ATP (1)
PR KRB R L, ESBELE 1.00 : 1.50 F1 1.00 :
1.00 Ab 35 20 JiFJ B v ATP & 5 0 8 i T Hifh 4,
T B S 0 38 2 45 8 L RE T FE TR 2 1Y BE oK S
[ R o VA i A= ) 5 TR NRata el S A L)
ATP, JIT DL T 48 M 25 S AR 201 1 e 1t 6 A7 I
2 T HAALBRAL .

(i1 AR NN I I 5 i s e N 11 /8
SEREEAR K, A3 KO JE R R R Y I R
it P U8, A T ) 5 Y LA B O A 1
TAENT OO — R R R, R T A
RAEVEWEM S —0, A% D-H AT %
6 1 IR B R Ak A AL T B 400 6 4 W -6- W TR 1 ADP,
RE O I 2 B A F i ™, AR, G
ML R A e 5 ) 26 4l -6~ R R ADP X} 0 4 ik ity
BIDHAAER, X0 B TR — a0 T A R DA
HFrRe MW EA X, REH D& TR
TEAE 5k AE i B ] 20 B -0 82 (%) 00 ) V6 R {1
fife v ) 40 2 4 A — KO, AR SRR, A
Eb 1.00 = 1.00 21 O\ W% 3 i 06 0 35 = T 45 % L
1.00 : 2.00 2, FHIE5#E L 1.00 = 1.00 4 P fik 3
JEEE M, AERE L 1.00 1 2.00 478 AR A b e A
B JC LB R 0T BEAI ] T ATP AYTE AL . BE FATR MK
AW, BMfE—— DA TERRBENE LY 2T
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e, HORE R R IR AL S AL AKX Al
Z—, ATy ECR A M 2R AR T AR RE Y I
BERMER T, EAS S S RMRIGI N LG, B
FATR I S 2 S B b AR T RE bR i il 2 —, L
TG TR A = R R PR Is 1 T FE B A8 A5
SRR TR T R P S B EE 1.00 © 1.00 4 fA R} rp
% B I ST ) 5 1 2 e T AS R L 1.00 : 2.00
F11.00 = 0.50 21, [R) A I5E 22 A S 56 v 4] et 465 1l L
XF = M - R R T AL i A L sdhe RIKE WY
o, AT DL A B R T e A g L RDRL Y &) B
F LT R sdhe B 236K, o] WLBE IR
i S LA FAD AE S FLBE N ML F 2 IR R g, 7E
B% 3 1R Mo S T T 90 1 R G 3 IR Rk UK - AR
VOUE T fARE e I B S W T DU S R T
g R SRR BE ARSI RE T o

B A Wy a0 2R AR IR N B — R )
EHE ALK ATP, EfLBRILIR KR &
H 2 i &2 A 1 T (NADH i &) 19 56 36 3k 3K
G FEARSLE T, BT AL EE T ndl FEH R
N R, U B ORI L AL 3 B 1 A% G A S
DR %) b 98 5 )k o S s B T s DIA OG, XF
YeFs ATP K EXLEE, R TLRKAEESYH
FER RIS, FEFS#ELE 1.00 < 1.50 1 1.00 :
1.00 20 H iR WL R sire3 LR AR B L H . i
FIL4E R, #F5E # %t Siruin BEARGE TR T £
£ B4 T BB FE Y Sire3 5 AL B RE O N
05 R R A TP 9 25 B H AR IR, R EORL IR BE AR
WP, ERE AR R T
M A, Beah, RZPEN R 1 gt — R 3
REF, HERETRHE S ARSI
Feik, IR TP IR . 4k K DNA %%
SRS DB 3 Fh g R SE RO E5 8% L 1.00 ¢
1.00 41 = JEhe T IR nrfl J 3k, RWLEE
() 45 i HE BE U RE A C I e b A G SR IR Y R
ik o LR LTI, ZObiiR ™ AR B Re & AT DL ok 4k
Ff =Pt TR ST AT YRR R AL AR,
AT LA 43 B T A5 W EL 1.00 ¢ 1.00 419 = PERR
TR ST R IR

4 5

AWTTER, GRS [R]85 i L X =
BTN ERE . AR . B BT
JRE B A A5 YR R 2 5 3 R B B LAY
RE % A3t = e AR 1 M 1) A R RE R AEDRE AT
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Influence of dietary calcium to phosphorus ratio on growth,
minerals bioaccumulation and energy metabolism in juvenile
swimming crab (Portunus trituberculatus)

ZHAO Mingming, YUAN Ye, JINMin, LUO Jiaxiang, WANG Xuexi, HU Xiaoying,
CHENG Xin, SHIBo, JIAOLefei, ZHOU Qicun
(Laboratory of Fish and Shellfish Nutrition, School of Marine Sciences, Ningbo University, Ningbo 315211, China)

Abstract: An 8-weeks feeding trial was conducted to investigate the effects of dietary calcium/phosphorus ratios
on the growth performance, minerals bioaccumulation, and energy metabolism in juvenile swimming crab (Por-
tunus trituberculatus). Five semi-purified experimental diets were formulated to contain different ratios of calcium
to phosphorus (1.00 : 2.00, 1.00 : 1.50, 1.00 : 1.00, 1.00 : 0.75 and 1.00 : 0.50, respectively). A total of 150
swimming crab juveniles [initial weight (12.82 4+ 0.37) g] were randomly allocated into five groups with three rep-
licates, each and consisted of 30 crabs. The results indicated that crabs fed the diets with calcium to phosphorus
ratios of 1.00 : 1.00 and 1.00 : 0.75 had significantly higher specific growth rate (SGR) and feed efficiency (FE)
than those fed the other diets. The highest activity of GOT in hemolymph was observed at crabs fed the diet with
calcium to phosphorus ratio of 1.00 : 0.50, and AKP and GPT exhibited an increasing trend with the increase of
dietary calcium to phosphorus ratios. Moreover, the content of phosphorus in tissues significantly increased with
dietary calcium to phosphorus ratios decreasing from 1.00 : 0.50 to 1.00 : 2.00. Furthermore, the highest ATP
content in hepatopancreas was observed in crab fed the diets calcium/phosphorus ratios of 1.00 : 1.50 and
1.00 : 1.00. The activities of enzymes such as hexokinase (HK) and succinate dehydrogenase (SDH) related to
energy metabolism were significantly higher in hepatopancreas of crabs fed the diet with calcium to phosphorus
ratio of 1.00 : 1.00. Crabs fed the diet containing calcium to phosphorus ratio 1.00 : 1.00 also showed signific-
antly higher expression of genes involved in electron transport chain complex, such as ndl, sdhc, cytb and cox 11
than those fed the other diets. The genes related to mitochondrial energetic metabolisms, such as atpase6, sirt3, and
nrfl were significantly up-regulated in crabs fed the diet with calcium and phosphorus ratio of 1.00 : 0.75. Overall,
based on broken-line and quadratic regression analysis between PWG against dietary calcium to phosphorus ratios,
the optimal dietary calcium to phosphorus ratio was estimated to be 1.06-1.26, and this range could be recommen-
ded to maintain optimal phosphorus bioaccumulation and promote energy production for juvenile swimming crab.
Key words: Portunus trituberculatus; calcium to phosphorus ratio; growth performance; serum biochemical indic-
ators; minerals bioaccumulation; energetic metabolism
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