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ME: (B BRI ERTF R LK, TATHERANTEHTH, HFIFERE
EKEMRBGER. [ 7775 ] 4 1800 & 4 b b [%ﬂﬁéﬂaﬁ (0.04+0.00) g] FHL 4 ik 15 4,
BUINEL, FAARDIAREE I HEROERH, FWREEH O 2. 5. 10, 15 Fn
20 g/kg, SCO~SC5). #2 7k ## (10. 20. 40 F1 60 g/kg, SP1~SP4) Fa/NEKEH (1. 5. 10,
15 #0120 g/kg, CHI~CHS), 775 90d, P42 KR AW, m&FFREHE AT
frideEE, RpEM AN Efitr. [45 ] 280 (SC4). ik EH (SP3) fu/h3k
#f (CH4) 4 s R R S W E (LAW). R A5HE (PAW). & X (WGR). #E £ K
% (SGR). EEE F) AL AFE (MMR) H 2 25 THMELK4A,; HH 2% (FCR) & #
PMEZMHR . £ERBImARB AP FRD, RARERERBEGMERTEESL
DEMEZR. RTERAMERME20gke o, HE AL EXE REE;, REEHRF I
EWmE 10gkgbf, MBS EX R REE, MEER A NENI—F M, HEKS
A Bae B A& nE 60 gkg B, #ﬂ%ééﬁagL@J B NBRER R
EHWE ISghkett, HEAFMHERAELS RGE, MEERAMEHR —FH i, H
BOfMEEAENEMRK. £EKEHAMALLL, SC4 48 LAW LR 7 # a-E H B (a-
AMS). f Ji5 B8 (LPS). Na'/K'-ATP 8§ (Na'/K'-ATPase). JIl % 3% B (CK). it 4 1t &
(CAT) 7& M An S A b 8 & (T-AOC) ¥y ¥ & % & T SP3 fn CH4 41 4}, Jf B SC4 411
PAW. SGR. FI. MMR, i17& =t ¥ 3k i £ 2 8. (T5) Fn 4 8t F R R R &8, (Ty) AF, MU
B fip 18 58 1 4 B B (AKP) Fn 2 A 1L 4 B b B (SOD) ¥ 14 % T SP3 fu CH4 41 &}, AT,
SC4 41 &} f7 5 75 — 8 (MDA) A BT SP3 fu CH4 4, [ 4510 ] & 0. BigEn
INERER AR BN A K RS, X R E T U0 DR & I 0 10 ARl B v
M, %aﬁ%ﬁmmmw bfndg fmdn % Ty A0 Ty KAFo LA LAW fo MMR & 3F ) 3847,
TN B R AN IR 3 HOR A E 56 B 4B 13.39~15.06. 34.05~37.42 Fn 13.97~
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534 Ko

% 50 %

15.41 g/kgo Wb, & EKhFHarmth, 15gkeHeERERHFAEKPTATFHNARRE
o AHEF N4k B AE A b AR Y AR AR B T IS o A KA
T FuEel; M ER; ERER; MRER; EkFTA PREB®E; BAOR

%, AN E A
& 42550 S 966.3'1

e (Lithobates catesbeianus) Ji 7= T b 3 ,
20 ARSI E, AR AR SE . 8 HBS
AR DL R R A R S O R
THUR R ik 3R L e b DX R Y A 2R 28 T R
B AR A A e AR RS TR, R 2023
A, AEFEEELEME 100 J7 7, R K R SR A AU
WEZFFMERN R Z — Ak E B 5H F
HRHISH B BRI R B I OB AT I . B B 4
3 K A= 4l B0 7K i AT )i i) e A S A (i
A B M A B R SR B (n
DU . R M eSS E ), b, B
TE A Ay Rl 32 S0 B SR O A B e R,
DhReRa e e CANTH AL BTG . PLAALRE D) XE TR
TR e i ae ) B tog Mg m . g
LRt B AL, NSRRI A R
I, PETHARRK AR, G BEHY 9T IR A PR e i
PRIHEHT 1,

OsJE — 2R iz iy A R B SRR
PRIHL 325 135 TR o0 S A A5 AT R B PR T 52 31 G
BATE D ok SO0 B i OB B A A R I B
K ¥, ZBAvEE (Schizochytrium sp.) "N 520 il 5
FRALE T, HZ AW (PUFA) & &
F&, FE R (EPA, 20:5n-3) Fl
T Wk N M RO (DHA, 22:6n-3), 2 fiE W
(Spirulina platensis) J& T Wi #% "] (Cyanobacteria) fif
W, HEAFRSEE 0%, HaFEmA ST,
INER#E (Chlorella vulgaris) 4§ ¥: 1] (Chlorophyta)
AN, HAR B B 50%Y . XA LAY
WS R, TR 1.6% RLA5 RO REAT S0k b [ 46
fifi (Lateolabrax maculatus) WA PERE, FFHE 5 H
FERE e S 5 IE DAL RE 0y o B Se AR AR B
SERB, W 1.25% 1Y 2 ar i B 0 OF O =
(Apostichopus japonicus) WA, FHHE R LA REBRG
PER B ARG, QRS BB, BN 2%
R TiE 5 nl 3E 1) 7E ¥ § 4 (Pelteobagrus fulvidraco)
B bR R B R B iR R IR R L 21 B R EE
[Fi Fof 388 3o ARG L2 P9 1% (MIDA) 5 1 LA S Ak

SMHEARRSRD: A

B3, MTZEG B AR GRS E RS . Bk
WAF RS LB, TSI 2.1%~5.0% 1) 42 J5E 3 g
HE LGN XTI (Penaeus vannamei) WHERANERE, $EE
PR . DHA Rl EPA & 4, Jf 0 H A
Bt R gt BV e S WFE R, B 0.75% /)
BR ¥ e 2 7 B4 (Ctenopharyngodon idella) W41
PERE . ARFR SRR OE . BUAAALRE ST RULIA i oo
WREEJEAE WIETE R, BEbnid i 42 T2 0 R s £
(Acrossocheilius hemispinus) W IH L RE 11 5 P& 1k
AE T ok 4 5 e AR A B K-, ELES I/ INER SRS 1Y
RORA TR TE 58

SR, H X SE O 7E A s ) b I 1
BEZ, BAE R E SR AR 4 P sh i A 1
AR S A= PRALIR A FRERSE . STk, ABFFELA
A el WRISL S S T R, 3 S e M S A [ e 3 A
BRI, SR 90 d, PPN 3 Rl A X A e
BRI ZSPERE L I ORI EOKF . iE
s PE, KB BT R AL DI RERYSE N, I e e A
KEEARA BT, LU Ay 2 e R sl Al ) £ T fi A2
HitZ%

1 MRS TTA

1.1 RIE=RA

BTG R A K AF S Y E B2 51 234t
T J#HEHESS . 2017D006).
1.2 SCISGEH

ST Ry R AR 1 RORLAR D5 25 5243 0 23.80%
F141.52%, BB HE SRR A 1 RTHLIE D5 2 530
61.71% Fl1 6.35%, /NEKEMRLEE H AUHLAE 7 & &
I3 Hh 51.29% Fi1 15.63%, ST HRE R
BHE A BR A FIHE AL, TR R SO SR WL 1,
Hrptagy . SRk BEmAFED . M. UM
JEBEAVE, A SIS EEAE IR, AE 3
Al et e A A A [R] 5 9 2440 68 (0. 2. 5.
10, 15 120 g/kg, SCO~SCS). WEHEREMN; (10, 20,
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5 4 TR, S =R X ARG L AR SN A T AL DD RE R 50 %

*1 EANERREEFRED

Tab.1 Ingredients and proximate composition of

the basal diet

e LEA1/%

item percent
JEkl  formulation
fiky  fish meal 10.00
AP chicken meal 8.00
JREMKEFFEE 1 dephenolized cottonseed protein 15.00
SEH rapeseed meal 16.00
Tl soybean meal 30.00
FOKUERY  corn starch 14.50
iyl fish oil 1.50
il soybean oil 1.50
R 445 calcium biphosphate 1.00
SALAERE  choline chloride 0.50
iRl premix” 1.00
AR lysine 0.50
H2 B methionine 0.50
BFRL (TYURE)
proximate composition (dry weight basis)
K4 moisture 8.14
HMEE  crude protein 29.17
HAEWT  crude lipid 423
Ky ash 15.53

e 1) BURE R T SRR £ CaCO; 314.0 g, KH,PO, 469.3 g,
MgSO, 7H,0 147.4 g, NaCl 49.8 g, FeSO,-7H,0 10.9 g, MnSO,-7H,0
3.12 g, ZnSO,4-7H,0 4.67 g, CuSO,4-5H,0 0.62 g, KI 0.16 g,
CoCl,-6H,0 0.08 g, (NH4)sMo0,0,,-4H,0 0.06 g, NaSeO; 0.02 g, VA
500 000 IU, VC 10 000 mg, VD3 50 000 IU, VE, 500 mg, VK; 1 000
mg, VB, 5 000 mg, VB, 5 000 mg, VB4 5 000 mg, VB, 5000 pg, VLA
25 000 mg, Z & 10 000 mg, IHHH 100 000 mg, AR 25 000 mg, "L
1 000 mg, A#% 250 mg.

Notes: 1) per kilogram of premix supplied CaCO; 314.0 g, KH,PO,
469.3 g, MgSO,-7H,0 147.4 g, NaCl 49.8 g, FeSO,-7H,0 10.9 g,
MnSO,-7H,0 3.12 g, ZnSO,4-7H,0 4.67 g, CuSO,4-5H,0 0.62 g, K1 0.16
g, CoCl,-6H,0 0.08 g, (NH4)¢Mo0,0,,4-4H,0 0.06 g, NaSeO; 0.02 g.VA
500 000 IU, VC 10 000 mg, VD3 50 000 IU, VE, 500 mg, VK; 1 000
mg, VB; 5 000 mg, VB, 5 000 mg, VB4 5 000 mg, VB, 5000 pg,
inositol 25 000 mg, pantothenic acid 10 000 mg, choline 100 000 mg,
niacin 25 000 mg, folic acid 1 000 mg, biotin 250 mg.

40 fl1 60 g/kg, SP1~SP4) FI/NEREER (1. 5. 10,
15 F1 20 g/kg, CHI~CHS) fF Jy 52 86 Rl , Hoep
SCO M r A LY 2 X BR A, Hs & o =%
AL R AED . A vk s A A Shi SN I AFSY . A
SCUREIAT, A LU 0B TR 8 5 4 1 T
Gt 5% (P>0.05),

o) Aok ] 8 A% g R T L A7) o e PR TR S}

IR, IR M NBIRZRIRS, R,
A A B J5ORKE i Jk R (IE ST B QR T ALK
FH R A FRA 7)) il BCEAR 2 2.5 mm f) GRDE
KL, FFET 60 C BT 24 ho THRJS K TR
B, JfiEad 0.2 mm i RG> B A RDRL R B
PR EAFAE—20 °C AUKAEH, LA RSt fii i o

1.3 SLEEhIRIEFETR

ARSI T A de IR (7 H R AR R
LB A PR mlH AL, TR0 SR AR R ARl K
Sl A L B NG K IR R G AT, i
B 1 800 J2fdt bR HLAC /N — B BRI [(0.040.00) g],
BEHLSY> 5 45 DPEIR K FRAEET QO L) f, BRGTIY
40 B, s, B3 ANEL, #iAMo0d
MIFRIE S o A, A3 B KA 40 4 ¥k (8:00.
12:00. 15:00, 18:00), 7Kk~ 2526 °C, VA
T =T mg/L, A FE<0.1mgL, pH{EH 7.0~
8.5, YL AR « MRS =121 : 12D,

14 HEEE

FRPELI A WIS, 25 24 h, =M Gosner!”
P AT, A3 AR RRGT Fh oA AR A MRS RN 2 AR 240
i (Gosner 42~46 1) THHOFFRTE . A 5L REHLHE
5 JBURHIBE (Gosner 34~38 i), {# FHHE A 100 mg/L
) MS-222 (Sigma, 3H) FREE)S, $ 1 mL CH
AR GO MR ZE R, BRE S AE 4 °C IRBE R
B 6hJ5 2500 t/min 5.0 10 min, W BV HTE
T 15 mL .08, —80 C 447, FfJm S BIEGH
i h 2, WA G —80 °C itfr, FTmiE iy
FR BTG P AP S AL DI RE PR bRl o o [RIA, BEET 5
Rt ALK B 4 2 iF )} (Gosner 34~38 ) F—20 C %
12, MTREFRBSTRIE .

1.5 E£KERESERSH

KA E (LAW, g) = W,/ N,

ARSI E (PAW, g) = W,/ N,

55 KR (SGR, %/d) = (In W, — In Wp) / t %
100%

YERLZ B (FCR) =S / (W, — W)

HE R [FL, mg/(B-d)] =S/ (N, x £

AR (MMR, %) = (N, / Np) x 100%

K, w,h 90 d R 5 B2 25 R L SR (g),
N, 7 90 d AR5 AR SR (), W, B oodiE
SERME A 4 B (g), N, M 90d ESEMAESL)
BEH (), W, 2R 90 d A 5 AR 25 RS ol 2 5¢ AR
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5 1 KoE R 50 %

SHIYE S (g), Wo NPIIRIELETE (g), S
7% 90 d A fERLE T (mg), N, M 90 d RIEAEZS
WRbs B L 58 AR A A S (R H), ¢ IR K
$(d), No AWIERIREL K ().
1.6 AR AR E RS MIBERIRBRHZRK
a9 E

DL FIER LR S K 4 R L R D A
KAy i 2 IR A5 3B W Tk HE T E . K
Sy ok 105 °C BEAR T HR R I e ; MK
Sy e atiat 550 C SRRk E ; HE NS
TR A S ke e ZUE DI A2 5 AR DT & &Rk A
K I

K VLI g O Sl A R B AR 7 A0 Bl BB 922
1 (ELISA) il &, i /] £ D)re g hriX (Agilent,
synergy H1) P2 IfiL 3 — Ml R AR R 2R (T3, MM-
92885) Fl LML H AR BR S5 242 (T4, MM-928864) 7K,
1.7 BAiEEEEEM RIS IR E

Y R LA ek U L i G 0.1 g, IR R o
(@ BB (mL)=1:9 A 0.9 mL [ 0.9% (4 P
ERKIATEH, 764 °C F 2 500 r/min B> 15 min,
B EIE W o R PR Bt g A ) TR B9 T A 7 )
R &, T AR G E I o-TE (-
AMS, C016-1-2). REMifif (LPS, A054-2-1), HHEH
fifi (PES, A080-1-1), Na'/K'-ATP fiff (Na"/K'-ATPase,
A070-2-2), Bk PEBERLEE (AKP, A059-2-2), y-BF &
WESHE RSB (y-GT, C017-2-1). WLFRIAEE (CK, A032-
1-1), HELY LB (SOD, A001-2-2), T4 1k
2 M (CAT, A007-1-1), & Hi E L HE 1 (T-AOC,
A015-2-1) Fil MDA (A003-1-2) #8475 .
1.8 HIES

JH IBM SPSS Statistics V22.0 %14 52 1 7
IESYE R =5 MR E , T RN R T 200
(One-Way ANOVA), Fifiid Turkey [RikiEiT3 )5
ZE e, R VSEEEAREDR (meantSE) &
N, P<0.05 FRESBE.

2 R
2.1 HIEEMXITHERBERK, TERERF
LA

ZUTE BRI 2 15 g/kg B, BRI} LAW

PAW. SGR. FI fl MMR A% E{E (P<0.05), B
LA BERR TS N A A — 2D R, AR U AR
SR FCR A2 AL a3 5 Z AH 5 (&1 1)

T ek v 447 OB S N 5 LAW AT MMR ()
T IR AT R R, AR KRR A
BdE AN 9 13.39 F1 15.06 g/kg (K 2),

2.2 SEREEM A FEREE K, TS RIARF
LA

BB R AN 0BG n E 40 g/kg B, BR i
LAW, PAW. SGR. FI fil MMR ik 3| &% &5 {8 (P<
0.05), Fifi 5 S 0E S5 K3 VA ek ) E — 2B, A
FEAK; 4RI FCR A bS5 2 MR (E 3).

T et e R E R VS N 5 LAW AT MMR (1)
TR A AT A SR BN, SRR A R AR A
BOdE TN 9 37.42 F1 34.05 g/kg (F 4),

2.3 NECRMI SRR, TR RIERF
A

JINER K N N RS I & 15 g/kg B, BRI
LAW. PAW. SGR. FI fil MMR 5 3| 5% & {8 (P<
0.05), Bz /NEREF AN It — 200, HEE
fik; #RIM FCR A8k #adi 5 Z M (K 5),

TR NER B R AN NS LAW AT MMR 1
RN A AT A SR BN, SRR A R AR A
BIEAINES51K 13.97 1 15.41 g/kg (K 6).

2.4 GERL RN B A X A e AR sl R B
A

25 2445 BBy LLIRHIRE A 2K 2 UK 2 w38 O
EPEZE R (P>0.05), 2447 Ok WS N & 3G n & 20
g/kg i, ML A&k i e H (P<0.05); Hap
HRSA IR 10 g/kg I, HLBE G & A R B
I (P<0.05), B 24407 BB U i 19 i — 20 1
i, KL R RS (3R 2),

A WERTE Ry ALIRHRL A K L KL 5 R K 431
Jo i F 2R (P>0.05), BEIE R IR 2 1 n =
60 g/kg i}, ML A& &k 8 i E (P<0.05); 1R
JREBEA A I I A0 2 60 g/kg I, LI & AL
S A (R 3).

e/ INER BBy ALIRHIRE A 2K 2 UK 2335 T S 3
255 (P>0.05). /NEREERYUS NG 2 15 g/kg B,
FH AR UL B 5 & 3k B R (P<0.05), Rl 3¢
oA S I 203, LR & R (3 4).
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H TR, S =R Eoky 0 2 iRt AR K L AR RN i 0 S AL T BE 1 RS 50 &
8 ¢ 50 \ 6.0 |
a 4 t ¢ :b— ] =b— <) ab 2 b
&0 6 d «od b — b 20 d == E b b =
i € i < 551 ¢
FE, mz e
% < B %3
s il I H 50l
K ol 3 E=d
Ly i
0 - 0 SEEENED 45 -
SCO SC1 SC2 SC3 SC4 SC5 SCO SC1 SC2 SC3 SC4 SC5 SCO SC1 SC2 SC3 SC4 SC5
2H 3] 2H 3] ZH 5
group group group
(@) (b) (©
30 200 ¢ 30
a
— T
a2 a b 150 | ¢ ab a2 —-2-1-— b ab ab
g 250 2 be B £ 0 b
\m{‘ m C FD — 1 | J@[_ Cd
Z 2 E & 100 £ % b 2
= 20t i) 210t
i 50 |
=i
1.5 0 R 0 o
SCO SC1 SC2 SC3 SC4 SC5 SCO SC1 SC2 SC3 SC4 SCS SCO SC1 SC2 SC3 SC4 SC5
ZH ) 215 ZH 5
group group group
(d) (e) ®

SCO~SC5 4> AARE AN 0. 2+ 5

1 HEEHIFEmel K, TERERF RN

v 104 15 120 g/kg RATEEN . AF/NG FEERRALR 2 7 B E (P<0.05), TR

Fig. 1 Effects of Schizochytrium powder on growth, metamorphosis and feed utilization in L. catesbeianus tadpoles

SCO0-SC5 denote diets supplemented with 0, 2, 5, 10, 15, and 20 g/kg of Schizochytrium powder, respectively; different lowercase letters indicate signific-

ant difference between groups (P<0.05), the same below.

KA H/g

LAW

0 y=—0.005x>+0.139x+3.355
R>=0.852
4.5 + °
4.0 t ° °
° (]
=13.39 g/k;
35 L * gre

[ ]

3.0 : v -

0 5 10 15 20
Tk} A R PR AN N/ (g/kg)
dietary Schizochytrium levels

(a)
E 2

25

30 1 .058:41.738v+7.234
R*=0.899
[ ]

X 20 ———

Q_ nzd ° °

@S ¢

10 x=15.06 gkg

0
0 5 10 15 20 25

DR 2R BT N/ (g/kg)
dietary Schizochytrium levels

(b)
BUEEM SRS RIS E (LAW) AR (MMR) BEIE SR

Fig. 2 Regression analysis of the effects of dietary Schizochytrium levels on the larval average weight (LAW) and
metamorphosis rate (MMR) of L. catesbeianus tadpoles

Fl CH4 4 (P<0.05), SC4 ZH IR I} PAW f 2 155

25 (=] /m*ﬁx—.l-q:ﬁiﬂﬂﬁ'l'iﬁ\ XIL,\&LE.H-‘I’%[J

HIXT EE

AR ZH W L SGR. FCR I FI G b 5 1
225 (P>0.05), SC4 4RI LAW i3 & F SP3

F CH4 4 (P<0.05),
MMR & 3% & F SP4 41 (P<0.05),

=T SP34H . SC4 ZH Il
T CH4 4 .

AN, SC4 4 IR} SGR Al FI ¥ T SP3 A1 CH4

R E K7 2: 2 E /) sponsored by China Society of Fisheries

https://www.china-fishery.cn


https://www.china-fishery.cn
https://www.china-fishery.cn
https://www.china-fishery.cn

50 %

5 Ko Rk
81 5 6.0 ¢
a
b [ ] —~
4 t - c = a
o 6} b 2 20 d 3 a
i e d SooE |- S sspbo b °
Tz, 9z % e
%5 B, N
s # #H o 50l
® 2t m 1
! &
o LL.LL. o LL. AL 45 LL LI
SCO SP1 SP2 SP3 SP4 SCO SP1 SP2 SP3 SP4 SCO SP1 SP2 SP3 SP4
2H 5 2 ZH 5
group group group
(a) (b) (©)
30 ¢ 200 | 25
S b o 150p b b — = 207 » a
g o230 b DQ S v 15}
Z e E& wE b
= 20} i) =
i 50 t 5
?&(
1.5 0 0
SCO SP1 SP2 SP3 SP4 SCO SP1 SP2 SP3 SP4 SCO SP1 SP2 SP3 SP4
2H 5 ZH 2H 51
group group group
(d (e (®

SP1~SP4 73 HIAREARIN 10, 20, 40 F1 60 g/kg $BiEiEHy, TR

B3 SZREEmX R A, TR AR R

Fig. 3 Effects of Spirulina powder on growth, metamorphosis and feed utilization in L. catesbeianus tadpoles

SP1-SP4 denote diets supplemented with 10, 20, 40 and 60 g/kg of Spirulina powder, respectively; the same below.

[ y=—0.001x2+0.058x+3.122

°
x=37.42 g/kg

25

5.0
R=0.851
Lo 45
S
2\
'% < 40 ¢
DS
X 35}
L
3.0
0

PRI e VA D 1/ (g /kg)
dietary Spirulina levels

20

40 60

(a)

[ y=-0.009x2+0.577x+7.284
20 L R2:0799
fﬂr%‘ B ’ \
¥S 0]
= ‘ x=34.05 g/kg
5+t
) 0 " " " )
80 0 20 40 60 80

AR R RS N (g /kg)

dietary Spirulina levels

(b)

E 4 BIEENSFERERTSNE (LAW) MESE (MMR) BEYVI ST
Fig. 4 Regression analysis of the effects of dietary Spirulina levels on the larval average weight (LAW) and
metamorphosis rate (MMR) of L. catesbeianus tadpoles

¢H, FCR WA (E 7).
2.6

F SP3 F CH4 41 (4 8).

BRSNS I S FRR BRI R 7K RIS

4 Y LI 1L T T T AP 2
5 (P>0.05). SC4 48R I35 1Y T 1 Ty kP 2

2.7 BIEHITHAES

Fist B BEE 1 RS2

SC4 HIpEZE o-AMS . LPS. Na'/K'-ATPase
A CK % 1 W % &= T SP3 A1 CH4 41 (P<0.05) .
SC4 Fil SP3 £ Wl i} i 18 ) AKP Al y-GT 1514 g 2

T CH4 41 (P<0.05), SC4 Fl CH4 2H [a] i i} fizg i
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Fig. 5 Effects of Chlorella powder on growth, metamorphosis and feed utilization in L. catesbeianus tadpoles

CHI1-CHS5 denote diets supplemented with 1, 5, 10, 15, and 20 g/kg of Chlorella powder, respectively; the same below.
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Fig. 6 Regression analysis of the effects of dietary Chlorella levels on the larval average weight (LAW) and
metamorphosis rate (MMR) of L. catesbeianus tadpoles
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*2 ARNPREENSEREMAERE SRR (FORE)

Tab.2  Effects of Schizochytrium powder on proximate composition in L. catesbeianus tadpoles (dry weight basis) %
WA iR HH  group
item 8Co sCl sC2 SC3 SC4 SCs
JK4F  moisture 80.16+2.64 76.69+2.90 77.02+1.64 75.23+2.49 76.62+1.53 79.15+1.88
FI#E  crude protein 76.53+0.91° 81.84+0.21% 80.68+1.03" 84.02+0.08" 84.56=1.46™ 85.19+0.78"
HMEM  crude lipid 14.56+0.14" 14.40+0.22° 14.51£0.21° 15.91+0.33° 15.03+0.15™ 15.50+0.52%
K4y ash 12.37+0.51 12.08+0.85 12.98+0.39 11.90+1.54 12.30+1.34 12.93£1.63

i FFEAE AR R R RN R AR B E M R (P<0.05), TIE.

Notes: Values in each column with different superscripts are significantly different (P<0.05), the same below.

® 3 ARFRIEEN N FEREUAE RS HEE (TYRE)

Tab.3  Effects of Spirulina powder on proximate composition in L. catesbeianus tadpoles (dry weight basis) %
5 XL A group
item sco SP1 SP2 SP3 SP4
/K4 moisture 80.16+2.64 79.02+0.45 77.4340.78 78.35+0.78 77.62+0.37
HMIEM  crude protein 76.53+0.91° 81.06:0.96™ 80.28+1.87" 81.80+0.98™ 83.13+0.62°
HIHENT  crude lipid 14.56+0.14 14.63+0.32 14.70+0.20 15.2240.07 15.74+0.41
K45y ash 12.37+0.51 12.26+0.67 12.49+0.34 11.81+1.06 11.60+1.62
R4 AR NECER XT AR B E IR AL RS2 (TR E)
Tab.4  Effects of Chlorella powder on proximate composition in L. catesbeianus tadpoles (dry weight basis) %
H xf 2 #15]  group
item 8Co CHI CH2 CH3 CH4 CH5
JK4 moisture 80.16+2.64 81.20+0.98 79.42+0.69 78.28+1.98 76.90+1.85 79.78+1.29
FiZEE  crude protein 76.53+0.91° 80.80-0.84° 80.68+1.03 81.88+0.67° 84.30+0.68" 82.68+0.87°
FAERT  crude lipid 14.56+0.14° 14.42+0.29" 14.50+0.24° 14.98+0.14° 16.05+0.26" 15.13+0.23%
K4 ash 12.37+0.51 12.71+1.01 12.44+0.24 12.02+1.27 11.52+1.33 12.47+1.28
3 Wik I 15 FAEA K F-1 (GHAIGF-1) 4, 3k T 2
HEIGF-1 {-& ORI, 3 AT BE 4 v RS} 79 2
30 EMEIA R EACERE. EEENE O KUERIESR; OFSHMEEAMENY MK
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TEEAE A S IR AT e k£ | R 8 % DL 2R
HEERMAESEE, & 0] BEAUEAR A,
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Fig. 7 Comparison of different microalgal powder at their optimum levels on the growth, metamorphosis and

feed utilization in L. catesbeianus tadpoles
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Fig. 8 Effects of different microalgal powders on serum

thyroid hormone levels in L. catesbeianus tadpoles
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Fig. 9 Effects of different microalgal powders on intestinal enzyme activities in L. catesbeianus tadpoles
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Fig. 10 Effects of different microalgal powders on intestinal antioxidant capacity in L. catesbeianus tadpoles
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Effects of three microalgal powders on growth, metamorphosis, and
intestinal antioxidant function of bullfrog (Lithobates catesbeianus) tadpoles

DING Hao '?,  HE Yinglin ?, PAN Yanfang ', LI Woxing >, SONG Yujian '’, LEI Rong '?,
ZHANG Te '*,  CHEN Zhuo ', XU Chao *, YANG Huirong "**

(1. College of Marine Sciences, South China Agricultural University, Guangzhou 510642, China;
2. Zhongshan Innovation Center of South China Agricultural University, Zhongshan 528400, China)

Abstract: In the complete culture cycle of the bullfrog (Lithobates catesbeianus), the tadpole stage represents a critical devel-
opmental transition, accounting for approximately half of the entire cycle. Therefore, enhancing the growth and metamorphosis
rate of tadpoles is of paramount importance. Microalgae are a group of widely distributed autotrophic or heterotrophic microor-
ganisms, which have garnered attention due to their rich nutritional composition and ecological sustainability. This study
investigated the effects of three microalgal powders on the growth, metamorphosis, and intestinal antioxidant function of L.
catesbeianus tadpoles to identify the most effective supplement. A total of 1800 tadpoles [initial body weight: (0.04+0.00) g]
were randomly assigned to 15 groups with three replicates each. Over a 90-day trial, groups received diets containing graded
levels of Schizochytrium powder (0, 2, 5, 10, 15, and 20 g/kg; SCO-SCS5), Spirulina powder (10, 20, 40, and 60 g/kg; SP1-SP4),
and Chlorella powder (1, 5, 10, 15, and 20 g/kg; CH1-CHS). After the 90-day feeding trial, growth performance, metamorph-
osis parameters, serum thyroid hormone levels, intestinal enzyme activities, and intestinal antioxidant function were evaluated.
The results show that larval average weight (LAW), post-metamorphic average weight (PAW), specific growth rate (SGR), feed
intake (FI), and metamorphosis rate (MMR) were significantly higher in the SC4, SP, and CH4 groups than in other groups,
while the feed conversion ratio (FCR) showed an inverse pattern. Moisture and ash content did not differ significantly among
supplementation groups, nor did crude lipid content in tadpoles fed Spirulina powder. Crude protein content was highest with
20 g/kg Schizochytrium powder. Crude lipid content peaked at 10 g/kg Schizochytrium powder before declining at higher levels.
For Spirulina powder, crude protein content reached a maximum at 60 g/kg. Both crude protein and crude lipid contents were
highest at 15 g/kg Chlorella powder and decreased with further supplementation. Among the three optimal growth groups (SC4,
SP3, CH4), the SC4 group exhibited significantly higher LAW and intestinal activities of a-amylase (a-AMS), lipase (LPS),
Na'/K'-ATPase, creatine kinase (CK), catalase (CAT), and total antioxidant capacity (T-AOC) than the SP3 and CH4 groups (P
< 0.05). The SC4 group also showed higher LAW, SGR, FI, MMR, serum levels of triiodothyronine (T3) and thyroxine (T,),
and intestinal alkaline phosphatase (AKP) and superoxide dismutase (SOD) activities. In contrast, intestinal malondialdehyde
(MDA) content was lower in the SC4 group. Schizochytrium, Spirulina, and Chlorella powders promoted tadpole growth and
metamorphosis, likely by enhancing intestinal digestive and absorptive enzyme activities, improving intestinal antioxidant
status, and elevating serum T; and T, levels. Based on LAW and MMR, the appropriate supplementation ranges are
13.39~15.06 g/kg for Schizochytrium powder, 34.05-37.42 g/kg for Spirulina powder, and 13.97-15.41 g/kg for Chlorella
powder. Furthermore, 15 g/kg Schizochytrium powder proved most effective among the optimal groups. These findings provide
a theoretical and practical basis for optimizing microalgal supplementation in bullfrog tadpole feed.
Key words: Lithobates catesbeianus tadpoles; Schizochytrium powder; Spirulina powder; Chlorella powder; growth and meta-
morphosis; thyroid hormones; digestion and absorption; antioxidant capacity
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