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Abstract: The purpose of this study was to investigate the effects of different dietary phosphorus
levels on growth, bone mineralization, relatively physiological and biochemical indices in blood and
liver of hybrid grouper juveniles. Seven feeding diets with isoenergetic, isoproteic and isolipidic
(1 421.2 kJ/100 g, 47% and 8%, dry matter) were designed. The analyzed dietary phosphorus (P)
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levels were 1.05%, 1.10%, 1.20%, 1.37%, 1.52%, 1.59%, and 1.70%, and experimental treatments
were abbreviated as P1.05, P1.10, P1.20, P1.37, P1.52, P1.59, and P1.70. The average initial fish
weight was (12.14 £ 0.05) g, and experimental fish was hand-fed (8: 00 and 16: 30) to apparent
satiation for 6 weeks. The results showed that the weight gain percentage (WG) , specific growth rate
(SGR) and condition factor (CF) in P1.05 group were significantly higher than those in other
experimental groups (P<0.01) , and protein increase value (PPV) was slightly higher in both P1.05
and P1.10 groups than that in the other experimental groups, but there was no significant difference
between the groups (P>0.05). With increasing feed phosphorus levels, plasma and liver alkaline
phosphatase (ALP) and triglyceride (TG) concentrations were higher in the P1.05 group than those in
the other experimental groups, whereas whole fish ash as well as plasma and liver total cholesterol
(TC) content showed the opposite trend. Plasma calcium (Ca) content was the highest and P content
was the lowest among the experimental groups in the P1.05 group, and vertebral Ca and P contents
were lower in the P1.05 group than in the other experimental groups. The expression of liver insulin-
like growth factor-1 (igf~/) of P1.05 group was also significantly higher than that of other
experimental groups (P<0.05). In summary, the 1.05% of dietary phosphorus level can meet the P

demand for the growth of hybrid grouper juveniles, and excessive phosphorus supplementations will
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lead to the decline of fish growth performance.

Key words: hybrid grouper; phosphorus; growth; bone mineralization

1 (P) 252 M s W AR K B 0 A i S 2287 ) o0
RZ—, Tz 53atiarte. mE G AR
BT AR A AL FE(NRC, 2011, BFEFRW], K
P4 i (Micropterus salmoides) . 5+ 8 45 (Carassius
auratus gibelio) . R £ (Odontesthes bonariensis)Fll
& [FE 21411 (Sciaenops ocellatus ) 36 £ 18 BB K1) Ff
A 4 e 39 i A8 S )R A 2503 (Rocha et al., 2014;
Xie et al., 2017; Xu et al., 2018; Wang et al., 2022),
TEENEERHZ (Labeo rohita) . it (Aristichthys nobilis) |
NRRE 1 (Myxocyprinus asiaticus) FVEREE(Oncorhynchus
kisutch) B 25 M 7 3 B A B 7K1 34 R 5 3 0
0975 B ol T il 5 P, O ISR M 3 H vl = R K
(Yuan et al., 2011; Ji et al., 2017; Musharraf et al.,
2019; Xuet al., 2021) . Mok, BEETEMISE P
BB B S e 7 R R E AR, M2
rh @l 04 0 AR 5 DRE B K S B 3 Y TE AR G M
(Chavez-Sanchez et al., 2000; Hossain et al., 2017)

R S RS R, RS ZAR KR
o BRI A £ (Coregonus lavaretus ) 75 36t A 1)
B, HA IR S i A e A e )
ik (Jokinen et al., 2003) . Shao et al.(2008) 5T
B, M (Sparus macrocephalus) AR Gl = B,
LB Tl 2 il A T il T PR A2 20, H e —
FLEB R BT RE, WL SOEHER 55 . BRI
Tk 55 o AE 2% 38 8 (Channa maculata®? x Channa

argus® ) Fl BA L& 6% 1 (Melanogrammus aeglefinus) fY)
R R, DR S AN R, S E S Y
HK AL F (Roy etal., 2003; Shenetal., 2017),

Tk b A N, N AN S T B O
AR R TR, ot A iHThhe
(Lall etal., 2021) 0, kK -V it 0.8%
B, 2580 it (Pelteobagrus fulvidraco) FFIEPT
AALBE ST REAL, NS = & (Tang et al.,
2012), PR & % Ak (Oreochromis niloticus) M
JUE R 5T AR 3 Wl T R (e BE S, 2015) o 7R F BF
(Pavalichfhys olivaceus ) Fl Vi 41 B 4. ( Epinephelus
coioides) 1 W 55 W L R A 22 (L) 412 3 (Choi et al.,
2005; Ye et al., 2006) . [F]JiF, Fa Ak & d 2 5]
A EE et B Flan, ek KT Ik 2
1.65% K, ZF#FH A H A (Uyan et al., 2007) .

J& W 7% 28 BE (Epinephelus fuscoguttatus @
Epinephelus lanceolatus &) BA7 K B . Hridh
PESRFN T S (B v (R R o, R R R K 2
B2k Z — (Nankervis et al., 2022) ., %477, 525
T 18 e 2% 28 B )Rk b A Aok 8 P IR N R (T
3¢ (Yao et al., 2018; Zhou et al., 2020; Ye et al.,
2021), fEpRErh AR IS 0 AN WD, H AR R AR
HF AR 14 [r] A, 2 3 AR ARk v A 280wt v 7K
e, A AR 5T LA Ao TRk il 1Y 38 B oK
o AR TE LR AR EC 7 BT B T IR AT A A
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T e 25 28 BEAR A0 T L2 AR (1 BF 92 485 R (Trm et all.,
2022), JFAE LI LS INAS R KT A B4R R 52 5
20, PR AR R G A K ST X B e 2k A8 B AR K
B AL RO E il YRR DG A B AE AR AR A s
DA FRAG 5 I 2% 3¢ BE ALK A0 ) el v gl 1) 3 R VS
VI SO BEN = G 7R R I SR a I e S BL V(ST

LR

1.1 REi& it SEBE A

e Rk S C T 27 S I ) R 3R 1R e 24
EBEFEAE FE TR G (Trm et al., 2022), ¥Ei17
HAFBE SR, UTgmit, HERR(LIAE100 g
) EEA. FIRAAN 14212k, 47%. 8%
BRI 243 B R CEHS o b 20.54% ), BE4H %57 34
AT o ERE B A S 43 51 R 1.05%. 1.10%.
1.20%. 1.37%. 1.52%. 1.59% F11.70%, =25 15 K}
BeJr M B FR o AR 1,

MRIEHC T 3%, Bl S kg (PR falkE, e
iy P I 2 O i 9 JORE o K AR Y TR A A
miEEEAR S T RAR ., EET Y. E&4E
% RW L4 Z A (CMC) IS 27 4E % 784318
A1), #1200 ) B KA g s, fkvom
AR . MR AR . SR . FORTER M,
2: 5O L) LBk e iR s . R EAHL(F-75
RIBVIRTEAT 85 4501, v ) B il kil il B2l 2.5
mm 540K, BRI (G-500 B kL, v D il
B, TRLZ KT (16 °CL 36 h) . ot i 5 A vk AR
(=20 °C)fitift-
1.2 ZWRaEFEFEE

I e 4 28 B &) 00 8] 1 V6 A N Vg Sk R A BRE
HEMY, @R ER (0.5 mg/L) 255 TH %
Ji, BETAE 210 ABEESE (K 50 emx 58 60 cmx i
60 cm) IR K F2 08 R 56, R FH A B £0 g o ) e
Ytk 14 do WIfkGE A, BEALGEH 294 2 K/
A RRE A A 5286 10 (12.14 £ 0.05) g, FHEL 14
B SBENLEI 10 B fa B T -20 °CLR A7, FHTHI
R R o B o FRFESCI ], B H 23K (8:00 Al
16:30) WM E M. 4 Hi#dFRXZ2 S5
(#Y-5 . ProQuatro, YSI, 3¢ [E ) KM /K i, A0 57
28 ~30 °C . pH{H 7.3~7.8. ¥ fift % Jf i vk & 6.0 ~
6.3 mg/L FI1EL BE 30%0 ~ 33%0. LA, i D 4
WK £ (585 . Ammonia N Kit, 3235454k, i [E)
D B BT IR DA PR KA = /T i Tk
/NTF0.20 mg/L, FRAAMEEIRF 12 h G HRFT 12 h B

RS E R, SRR 6 JH .
1.3 HFmRE

TSR G , LM 24 h, (SR
B I RR S . (A 0.1 g/L i 1) 24 R Y iR
2T VR % 5 175 i (MS-222 ) ( Sigma-Aldrich, 35 [H )
Xof SO 0 PRI BURE . R BB R B ALIE 2 B 5056
FR 0 SR B T -20 °CARAE T 4 AR 1443
Brs oAt 3 BScs sy pl iR K . RE, bEE
FHRF 2R g 25, D) A PR 2 mL — ik P
WA AT RO . AR, MU AR L
RpRAMANNE, AL, EEIEN . MiEIFFRaE, AF
JIE . WA IERE 5 T80 °Ciifr; [RIAF AR B3 R L
FHFRE LSRG, A HE 4 (10 cmx13 cm) &
=20 °CLRAF, FTFWLRALSS 0T B R4
HpREMEE, -20 °ClR1fF, HTE# P Ca, PEE
B % I FE R A B 0 HL (FCS515R, Hamburg,
Germany)4 000 r/min .0 15 min, HUMK FIHRFE
N B T-80 °C# ] .
1.4 SHhFAE
.41 A% A& LA ERR>MNE KSR
U7 (105 °CHET, Ha #Ek X HJ84 , BGZ-140, I+
VAT — TP 5 R B R AL E i (RAP-
ID MAXN EXCEED SYSTEM, Germany ) #X 5% 1 il
5 M BE W& iR H &R K 42 7 (ANKOM
XT15iExtractor I8 5 23 #74% , XT151, USA) I E  (Hh
PR Ry A EE ) 5 R 53 % 5ok H 550 °C 5 B g
(SX2-2.5-10Z, iR, hE) Brbeikiile . i
B 7 B3l 0F GB/T6437-2018 J7 46, 7EU% K
400 nm > 0 7 258 1 A T A Vs R v U B Y IR O B
B, SR tRsE it .
1.4.2 ¢ AFREAACIEARN 2 I K
ALP. TG. TC & ¥R IR &2 % Ul 54
J7 AT AE (475 . R21786 . R24192 FIR21737, |
IR AR A IRA R T ED
1.4.3 @ AMEFEHFSEMNE MK Ca, P
1w >k F Elabscience i 1] & 2 % Ui W 5 #5214 7 vk
I 5E (425 . E-BC-K103-M Hl E-BC-K245-M) , #
HEE Ca, Pyl S 2 0.5 g B MEE FE 5 EA T
I, RIS HORAE B — D HE S A 0.5 mL
4li7k . 2 mLA4ER (9 = 68%, YEAERFE) F110.5 mL 4L
AK(p=30%), BEMILIEMAS (Multivave
7000, H &, PE) M b, FREMRSHER
., A Z 30 mL; A (L - F G S AT S
TR BRI T %Y (ELSpe-2/NexION 5000G, USA)
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Table 1 Formulations and analyzed composition of experimental diets (dry-matter basis) %
B o
1.05 1. 10 1.20 1.37 1.52 1.59 1.70
fid £ £ fy 20. 54 20. 54 20. 54 20. 54 20. 54 20. 54 20. 54
X PR 9.23 9.23 9.23 9.23 9.23 9.23 9.23
ivasidE 37.24 37.24 37.24 37.24 37.24 37.24 37.24
R 0.76 0.76 0.76 0.76 0.76 0.76 0.76
SRR 0.47 0.47 0.47 0.47 0.47 0.47 0.47
=R U/ e 0.50 0.50 0.50 0.50 0.50 0.50 0.50
FOKTER 20. 00 20. 00 20. 00 20. 00 20. 00 20. 00 20. 00
BRI A0 31l 3.93 3.93 3.93 3.93 3.93 3.93 3.93
HERERY 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00
CMC 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00 1. 00
YR 5.33 4.47 3.61 2.75 1. 88 1.02 0.16
WL —E K EY) 0. 00 0. 86 1.72 2.58 3.45 4.31 5.17
it 100 100 100 100 100 100 100
L%y o
1.05 1.10 1.20 1.37 1.52 1.59 1.70
w(T i) 87.3 87.8 87.5 88.5 89.0 89.2 88. 8
wCHLE ) 47.2 47.7 48.2 48.5 48.2 48.2 48.6
wCHLARIT) 7.1 7.1 7.3 7.4 7.0 7.3 7.3

1) Bt faly : woK o) = 9.9% , wiLEE 1) = 73.3%, wCHLIR ) = 9.6%;

2) XSGR :wOKAY) = 4.6% , wOHLEE 1) = 68.7% , wCHLIR ) =14.7%;

3) MIAFEE - w(OK4Y) = 8.6% , wCHLEE 1) = 65.4% , wCHLAR D7) =2.0% 5

4) BAEWYBII I : 163.5 mg FLIR TS , 14.85 mg R £k , 67.9 mg CaCl, , 66 mg MgSO,-7H,0, 1.5 mg ZnSO, 7H,0,
0.5 mg CoCl,-6H,0,0.4 mg MnSO,-H,0,0.075 mg KI,0.075 mg AICl,-6H,0,0.05 mg CuCl,, 165.15 mg fl fh£F4E % ;

5) BKIER :w(IK5) = 13.2%;

6) BEMAERMT 2.5 mg4EAEZE B, 10 mg 4EA E B,, 25 mgiZ 245 ,37.5 mg MR, 2.5 mg 44 % B, 0.75 mg 2,
26.79 mg JJLEE, 4i 4= % C, 14.84 mg;2 mg 4i/E K K, 6.3 mg i X E, 1 mg it £ A,0.28 mg4i4: £ D,,0.05 mg4i /L X B,,,

0.25 mgEME ,870.24 mg 4R ;
7) 4w )=4.2%

W E P&y SRR FWOE % (L5
240DUO, HE) M Cafrit,
1.4.4 RNA 4RI cDNA & s % 5 B & X % & R
2 (RT-qPCR) i FH KB F AR5 J1 59 HL 60 mg [
ZH 4% T 2 mL RNase-Free 5.0 45 (555 : KG2911,
Bl A4, v ), S ERAA 1 mL TRIzol ™ it 5
5 115596026, Invitrogen, FE[H ), AL 7
SN 2 UK R, SRIE R VRS AL (B .
JXFSTPRP-CLN-24, [ifF4Hf5 , ) 800 B 200
W] 5 2H SR He Sy 1k, RNA S5 S48 BUE B3R 4% B8 1 vk
R UL B T . 4R BUS ) RNA Gl UV-Vis 436
Y6 T (A5 . NanoDrop® ND-1000, Thermo Fisher

Scientific, 32 8 ) kil ik B 5 i, (0 FH B IR B BE
HLUK PP A RNA (58 8 M. RNA i iR Al 5, %
RNA 7 B 2 [a] — & B, {fi JH| PrimeScript” RT Re-
agent Kit with gDNA Eraser i fl| & (175 : RR047A ,
Takara, H )& i cDNA, 1% 52 #42 F8 i 3 1 0 ¢
AT Fr A5 TT (3£ 2) AR P8 NCBLH Y
mRNA J7 41| ffi F] Primer 5.0 %% {4 % i1 (PREMIER
Biosoft, 5 [H ) .

JE it SN 5 i 0 (QRT-PCR) K 224345 5
uL TB Green” Premix Ex Taq II ( % 5 RR420A,
Takara, H4<) . 0.4 pL IEM 5[4 (10 pmol /L), 0.4
pL 21154 (10 pmol / L) . 3.2 pL RNase free dH,0
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A1 puL cDNA MR . [ F2 7 2 T Takara 23 w] 2 {1t (95 AN [) i B A0 B2 S I, MR A0 AR A 119 2 ot ] 10
B P F A, fESCE PCR R4 Fisfr (S (Cq) AWM EbrifEh 2k, JEL E=10"" 1 {84~
LightCycler® 480, Roche, fifi+-) o BEANFEARINE MR, SR 2 kit 8RB K. B-actin F
2o 5L AT, Jolid S5 E-— cDNAREAR  igf 1 LB IHTFHI L& 2,

K2 SNTOLE RN G YIS
Table 2 Primers used for quantitative RT-PCR(qPCR)
R LN P 2 > ST (5°-37)
F: TCCTTCTCCGTCTGTAAACGA
R: CATGAACACCTGCTTACCAT

F: CTCTGGGCAACGGAACCTCT
R: GTGCGTGACATCAAGGAGAAGC

igf-1" XM_020085100. 1

B-actin ¥ AY510710. 2

1) igfl: BSERAEKKET1; 2) B-actin: BHLSIEM,

1.5 #HIEHERSGITZES T (EX S TE
PR KR (WG) . R KRR (SGR) L ) oz om

1B A (PPV) I 25 246 B I BE (CF) 1 3 -

GRNW 2.1 fARBKEMEZEZHRERKER EEFE
WG/% = [(m gy —m 1)) /m g 4] % 100, Ko ta#L ) A B 220
SGR/% = [ (Inm, ,—Inm ,)/t] x 100, MER3 PR, AR K X 5256 0 77 1
PPV/% = ([ Am e, /M gyyy) < 100, jﬁﬁ%%ﬁuﬁ(mo 05), {HWG. SGR il CF ¥4
CF = (m ./P) x100, FHM(P<0.01), P1.0SZ4L WG, SGRAICF 3%

Horfmy AR BB (g), moy o, RG-S .m?,ﬁ\ﬁﬁﬂé&'@éﬂ, P1.10, P1.20, P1.37, P1.52,
PR (g), ¢ AEFREIEI(D), Am gy MR P1.59 K& P1.70 Z 8], WG Hl SGR ¥ ¢ it 3 2% 5
EAWK (), myys, HFEHEAE(g), (P>0.05) . PPV 7£ P1.05 £ Fl P1.10 £H /= F Hifh 52
m AR R (g), CARIAK (cm). I, (A4 MR E25SF(P>0.05), WE 1R

A BRI R P R HER " RoR . BE o, AR R R e 2% 38 BERTIE igf-1 &
FHATIESYE AR ZF AR, Hisl KRG BEWEN(P<0.05), P1.05HFIE gl 3
SPSS18 ¥ 1 1Y 51 A & J5 22 (One-Way-ANOVA) #l - [k B & m T HAb S5 41, E5% P1.05 4 4h,
Tukey’ s 5 56 J7 % , 3B AS [ 4 2 (8] 1) 22 5 02 15 5 At 5256 21 (8] 1) I dgfe1 REDR ik o i 3 2 7
;M P<0.05HF, ZRMERE, P<0.01K, 57 (P>0.05),

3 R R4S B KA RE B 252 AR 5 0

Table 3  Effects of dietary P levels on growth performance and feed utilization of hybrid grouper juveniles

wp/% WG/% SGR/% PPV/% CF TG 3/%
1.05 637+22. 3" 4.430. 07 34.61=0. 85 2.85+0. 11° 100. 00=0. 00
1.10 554+4. 9b 4.17+0. 02 34.78+0. 49 2. 59+0. 05° 100. 00+0. 00
1.20 558+13. 0 4. 19+0. 04° 34.25+1. 11 2. 54+0. 02 100. 00+0. 00
1.37 540+11. 4° 4. 12+0. 04" 33. 71+0. 49 2. 49+0. 06™ 100. 00+0. 00
1.52 539+47. 4° 4.12+0. 03" 34.13+0. 37 2. 46+0. 02 100. 00+0. 00
1.59 53943, 7° 4. 12+0. 02° 33. 84+0. 84 2. 31+0. 04° 100. 00=0. 00
1.70 548+12. 1° 4.15+0. 04 32.58+0. 67 2. 410, 04 97. 62+2. 38
P-value 0. 001 0. 001 0. 462 0. 000 0. 463

) [FFVEdE EAr PR #Rn 2R B (P<0.05),
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b
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) ﬁ ﬁ ﬁ ﬁ ﬁ
0.0 T T T m T T T
105 1.10 120 137 1.52 159 1.70
FRLPIK Y%
R PRI PR R B 2257 (P<0.05)

BT ARk K Xt B Je A% S BEIFAE igf- 1 4215 1t 152 R

Fig. 1 Effects of dietary P levels on expression of

FAXTRIE B

hepatic igf-1 of hybrid grouper juveniles

2.2 ABBIKEXNEEFZHEE R BER K
STEIRSIE
R4, ANEEBREACE X R e 4 58 3t 4

01 K3 O i A S 2 R (P<0.01) , P1.05 24>
R 53 T i W E AR T A SR 2 A% L 2 2 ]
LI 43 i TG b 35 22 5 (P>0.05) o A [RIAbHHA
Z A )4t K LR K 53 T8 8 22 5 (P>0.05) . 42
R URLIR 7 . HLER 13 S e & S 4 2 R 1
TC w3 22 5 (P>0.05) .
2.3 fE BB K E 3SR A 2 % BE M &R R BT RE AR

ALP.TG.TC iR ERIZ M

MFE S PR, AFEBEKE TR I 4% 58 B 1
K ALP, TG LISJHFNEALP ., TCHREEA &5
M) (P<0.05), X Il 3% TC ¥ B K I HIE TG ¥ B A
B E ] (P<0.01) . &t kHgE K F- &, P1.05
2 113 R I Y ALP A TG #¢ 2 34 7 T He Al 52 56
2o I AN E TC ¥ B2 28 Ak a3 5 ALP #1 TG AH
&, HPLOSHAL &R TPL.704],

a4 DR X PR e A A BRE 4 R LR R AR 2 ) (R B )

Table 4 Effects of dietary P levels on whole-body and white muscle compositions of hybrid grouper juveniles( fresh weight based)

- w( &t )% w( L) /%
Koy HLEE A Gk Y Zix Koy HLEE HLAR 7 K5y

1.05  71.70+0.15 17.84+0.26 6.63+0.20 3.38+0.09°  78.29+2.04 19.09+1.93 1.68+0.07 1.14+0.10
110 70.53£0.61 18.46+0.30 6.91£0.32 3.66=0.02¢  77.15£0.53 20.06+0.33 1.68+0.07  1.25+0.06
1.20  71.49+0.41 17.85+0.52 6.33%0.17 3.96=0.18*  76.80+0.07 20.26+0.07 1.87+£0.09  1.28+0.02
1.37  71.74£0.15 17.74+0.18 5.65£0.01 4.34£0.06"  77.22+0.06 19.94+0.20 1.62+0.09 1.27+0.01
1,52 71.18+0.01 17.75+0.21 6.15+£0.27 4.48+0.15°  77.15+0.20 19.88+0.20 1.61+0.03  1.28+0.01
1.59  71.24£0.25 17.4540.29 6.19+0.36 4.41=0.17°  77.15£0.28 19.97+0.34 1.57£0.09  1.30+0.01
1.70  71.43£0.10 17.62+0.16 6.03£0.27 4.63£0.07°  77.28+0.08 20.04+0.09 1.53+0.02  1.27+0.02
P-value  0.175 0.389 0. 066 0. 000 0. 908 0.956 0. 082 0.246

1) RV LA AR E R 2R EBE (P<0.05),

2.4 ARBEKEMNELZFZZHME . EHES Ca.P

SEREWHE Ca/P LB

AN TRl KPR XoF 12 e % A2 BRE 1 2% R A R
Ca. P& EA B EMEFI(P<0.05)(FK6). b
Ta R K ThE, I Ca & B 2B N RS 2518 1
JH#a#%, P1.05415P1.10, P1.20 402 8] JC i # 22
S, [HEFEE T P137, PL52, P1.59 & P1.70 4 ;
HHEET CariE S Car e EMAM S, H
P1.05415P1.10, P1.20, P1.37, PL.524H 0]t
XS (HEZEMT P59 % P1.704]. P1.0541i
WP T HAEH, HS5PL10MPL.204 E
HREES, H5P1.37, P1.52, P1.59 & P1.70 4
T 25 5. PLOS AEHEY P& &L T H A S 5%

4, H5P1.20, P1.52, P1.59 & P1.70 0 H A7 i
P25 RV KOG R X S 56 £ G A Ca/P Ho Al
A B EER I (P<0.05), P1.05 2H A9 HER Ca/P 1L
BT AL 4; 5 P1.10. P1.20. P1.37 ) P1.52
M EER, (HEESTPLSOMPLIOA.,

3 e S4iE

3.1 ARBKENEEZZTHREKER EEF
Fn4a AL A B R A
TR R il ) A, S FUR) R
HARR, F, 75508 20 ki i otk 56
HE(NRC, 2011), AAFFRLAEREKM, 1.05% iR K
B 7KV AT DLl R R e e ac Bl fn b K, Uil TR
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Table 5 Effects of dietary P levels on plasma and liver ALP . TG and TC concentrations of hybrid grouper juveniles

Il 3 JHFRE
wp 1%
ALP/(UL") ¢, /(mmol'L™") ¢ /(mmol-L™") ALP/(UL") ¢, /(mmol-L™") ¢ /(mmol-L™")
1.05 2.05+0. 17° 1.09+0.01* 0. 71+0. 20¢ 7.89+2. 13° 0. 63+0.01* 0.28+0. 05"
1. 10 1. 68+0. 09" 1. 06=0. 00® 1. 07+0. 21°¢ 2. 44+0. 93° 0. 62+0. 01° 0. 49+0. 12
1.20 1. 69+0. 05° 1. 06£0. 01 1. 19+0. 48" 2.28+0. 64° 0. 60=0. 01° 0. 50+0. 06™
1.37 1. 68+0. 06° 1. 06£0. 01 2. 14£0. 36™ 2. 65+0. 53° 0. 59+0. 00™ 0. 65+0. 08
1.52 1. 60+0. 08° 1. 06£0. 01* 2. 86+0. 74™ 2.92+1.17° 0.58+0.01™ 0. 63+0. 09*
1.59 1. 60+0. 06° 1. 06£0. 00™ 3.81+0. 52 2.05+1.01° 0.58+0. 01* 0. 64+0. 08™
1.70 1. 63£0. 09" 1.03+0.01° 4.29+1. 10° 3. 65+0. 32" 0.55+0.01° 0. 75+0. 09°
P-value 0. 044 0.017 0. 004 0.027 0. 004 0.027

1) [RISVEE EhR7REA A #5378 22 53 .35 (P<0. 05) .

6 AR AKX R R

Table 6 Effects of dietary P levels on plasma and vertebrae Ca, P contents and vertebrae Ca/P of hybrid grouper juveniles

eS8 MK FFHER Ca P& B X HER Ca/P HYSEZIR

1M HHEE
wp 1%
we,/(mmol-L™) w, /(mmol-L™) Wwe, /(mmol-L™) w, /(mmol-L™) Weo ! Wy
1.05 1. 60+0. 29* 2.56+0. 12° 9. 68+0. 49° 5.95+0. 35¢ 1. 63+0. 04*
1. 10 1. 03+0. 52 3.35+0. 15° 10. 57+0. 52* 7. 14£0. 16 1. 48+0. 04™®
1.20 0. 93+0. 52 3.31x0. 13* 11. 52+0. 90™ 7. 75+0. 47 1.49+0. 03
1.37 0. 16+0.01° 2.98+0. 10™ 11. 14£0. 17" 7.53£0. 12 1.48+0. 02
1.52 0. 15+0. 05° 2. 77£0. 08™ 11. 65+0. 46™ 7. 87+0. 15 1. 48+0. 04®
1.59 0.01+0. 01° 2. 80+0. 25" 13. 11+£1. 11° 9. 02+0. 26° 1. 45+0. 04°
1.70 0. 11+0. 05° 2. 86+0. 24™ 12.31+0. 47* 8. 58+0. 28* 1. 43+0. 03"
P-value 0.013 0. 040 0. 005 0. 000 0.031
1) [FSVEAE EAREREA RIS FoR 22 5 3 (P<0.05).
b 23 38 BERT Gk rp gl 1) 5 SR B AN DV R T 1.05%. A R, e M. 555 30 5 5%

P R R, o R B ORI
Z—, AHIESE A 0 B AR I K T
Ah(Irm et al., 2022), fF& 45/ LPRZER, Mtk
AL, TR Je 4 S B AR S bR AR 7 o A R R
BANAS BRI . HAT, OC T S fRph i i E i oK
PP AL 32 SRS AR PERE L IV W R T T M
%% A B & 55 45 A8 (Wen et al., 2015;
Molina-Poveda et al., 20165 Li et al., 2022) . 40,
BT WG W92 25 345 4 R P8 i (Salmo salar) |
K a4 (Larimichthys crocea) R i ( Dicentrarchus
labrax ) T B4 Wi 3& 'ELAKF 73 90 0 1.00% ~ 1.10%
0.89% ~ 0.91% ;. 0.65% (Asgard et al., 1997; Mai
etal., 2006; Schamber etal., 2014), X 5AHF5T
R 3E 1) 1 e 27 2 B AR 1) RS I KPS B
T 1.05% FML . AR ERDRMBE 14T oK 1 7T B8 32 Z2

(Schamber et al., 2014 )

Szl s AL, #2894 K 52 3] GH-IGF 4
()4 4% (Reindl et al., 2012) . 4= K ¥ % (GH) i 1
5 GHZ &R (GHR)Z5 6, AR 8 Ik A At
T A R 3MA TGF-1, - DA %2 4 42 128 JUL B £F 24 20
JitL 3% 5EOFD AR O A R Y O B /E H (Jimenez-
Amilburu et al., 2013) . ARMF5EH, L5 WG A8
B FFE igr-1 SEH F A 2 IEAE, BT
U dgf-1 35 PRI 2 e 5 S 56 0 A K Gl 118 S S g [
FZ—, X5ATE WA E — % (Wu et al.,
2017), TEHAb ISP WM LRI, igl fEMAE
A K B ok B2/ H (Hassaan et al., 2019)

UEAl, R o B 1A 2 5 A 2R R AR
Fiffi /& CF(Yang et al., 2006) . AWFFEHE A, BE
E PRV KCOE B3I, R RSk S BE PPV FI CF B4k
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S TR, 167 £ (Ctenopharyngodon idella)
R A R o, SRRk R T 0.85% B,
WG, & HACE I CF 2 F B % (Liang et al.,
2012), 7EHCHH A BESE A5 B A R B 45 2R (Luo
etal., 2010) . 3% Al B PR O ik 10 W 2 Dol > 4
EODIBR MR & &, Aikek, BiE
REAR

3.2 fRARMEIK TR 5 A 24 3 B RS R 5T R 22 I

ALP 2 —FERE R M BE K i, 257
BN A A IR R DA 1) A B R AR, BRI AE B
Wy HE B T2 B DA K 85 ol Y- i 24 5 45y T R o A
A (Villanueva et al., 1997; Lalles, 2020) , 7 5C55
SRR, o R K T W AR TR e
e AZBEIM I S SFEAIZUALP (75 2 . Lalles (2019)
fiE T, AR AL RIS T EALP R,
I M1 52 e 475 5 5 SO Wi L o 7R e % B A M R
0 () A Y 75 B 2B 25 R (Yao et al., 2014;
Chenetal., 2017).

TG 1 TC EA BEAEARUFN NG 7 R FNOR E 4 i
S 1 58 B P 45 D) fiE (Turchini et al., 2013) ., 7EAS
WEgE v, Bl DR S AR, IR R TG
W BB, W TC & &2 DT el
(Oncorhynchus mykiss) FWEFE P & 8L, 40K
oA, AR TG KR B (Sugiura et al., 2011)
TE 5 5 4R RN 1% 20 7R i ( Takifugu obscurus) ) B
7% LA LB 45 A i (Xie et al., 2017; Xu et
al., 2019; Liu et al., 2020) .

3.3 (AR T X R A 2 3 BEEE R B R

AEHE R, #rdEEA, SRBURGIHIE
% % A0 PR A ZE AL LA BB HER S . B e
St , EeAHEASSL6 10 A4 KT B (Oliva-Teles et al.,
2004; Schamber et al., 2014) . [lFE, 76+ & % 4k
fti . 1647 (Lateolabrax japonicus) F P14 ( Carassius
auratus) WAL IE T ZEPLAY 45 - (Zhang et al., 2006;
Yuan et al., 2011; Sunetal., 2018).

AR, P1.05 A M AR T A SE A
MR R TR A 1L10% B, I B A R R
K, BIP1L37JEETHGE . XATREREH T 178 LA
Yoy gy MR o 3, K ek S B

SE WK

HEEE, B#i, AR, 45, 2015 e g semnt 35 = 24k
A K R  A AR TR AR B (], K 2R3, 39
(7): 1024-1033.

R Rt 25 i 38 JC AL 8 vk B2 i, Na ™R AU T Bl
Wit iz 09 F Sh iz g i A, 18 X
() W Y& U /b (Brichon, 1973) . K BH % ( Morone
chrysops x M.saxxatilis) WA FE AL H BUAHLGE SR,
IV B8t 5 s B Rl K P T v i A, ELE
W J5 (R4 74 (Brown et al., 1993),

NIRRT Y e R m Kk
H Y EES % 4R (Davis et al., 1996) . AR SL K45
RWoR, BEFEBEACEW TR, 2RSS E
Je BT E BT, X 5 7EH Sk ) (Megalobrama
amblycephala) ™ 1] WF 5% 45 R 25 ol (Yang et al.,
2021)., FEZH fh (Rachycentron canadum)'', 414
AR IR AE R AR I PEN TR AR, Bl 245 £ 7]
RS e, AR B MR Y
Ffi 2 Ft & (Fraser et al., 2009) . Sambraus et al.
(2020) Y WFFE o, ik St 4 21 ELA G A7
IR, —ASERKIGEEE (Salmo salar) BENE i 11 I
P Tl T 10 i B LA A R 1 (T RRU R PR 8
A, DR R RAERKFE, ASLRmf,
B R (PL.OS 41) B HER S . B IR T
Hofth = e ial kb e, Ui B R NS . BRI TR S R
BE B B A AE IE AR G, Xt A X B R E 6 fal
(Heteropneustes fossilis) M9V fFi (Lates calcarifer)
A9 F 5% H 45 3] T JIE 52 (Chaimongkol et al., 2001 ;
Zafar et al., 2018),

HHEE S . W W TR N P 2B
FHIHE R Z — (Liu et al., 2021), AHFsEs REH,
T v i VAN N 3 1 2 BRI R 2% A8 B A A
Wb, BASHHETE . BRI TR, Sl . B
fa ke fly, i SEAaiksE KT (Maiet al.,
2006) . TEX L #iAl i (Symphysodon haraldi) 1
B A ST TPl B T SRR B4 (Liu et al.,
2021; Zhao etal., 2021),

3.4 #Hig

EARLIZMT, YIWG NI FEFrS 1 g e
e 22 B AP I TS AN i T 1.05% 5 Ak il
AP 1.05% F, RIS BEAE KRYERE T R, B
AR E 2.
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