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— B OLT, SMNEER A AT A0 R D R 10 R R S
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JIi 7 P 2EL 28 1 B et B Ay 3 30 ) SR RO A A i A
B, DUIRR o o8 AR Wy it o R ]
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WRETT A, MAFEAAET . AR THALEEE T
AR S G O B P LA S AR R W PR R4 T 70 A,
5 TR B O 22 U A AL RS R SR, S S
VO Bl Fop s R IR

1 #MHEFE

1.1 SRIEHR

SEHG T 2015 4F 5 A FEVT I8 T AR A R A gt
17, PR B | PRSI BR %) 92 I G flf 5 ik
ARIE =B b, 7K 19~20C, HEROGR, &
N A=, WS AR 7™ 14 328 B A 4 TR i 4k
ar A AIESE, B/ KCE 2 UG IR R K,
WAL IS AT e b de P 4k 2215 3% 1 d A Z
AMERBR 200 L 9 ¥BHE M, 54k 3 d 5 I i
R K 6 UL 3 Fh R 5 16 B 2 %8 H (Brachionus
calyciflorus)), fFfJFIIJG 1 J& P94 DL 30 e 1
(Artemia) JG 17 &l (A s SORURE T R E AT D4k, e
TeT 2l MU P 92 E R ER W A b H B Rk T A
TR T RE R B AR B ™ bk = 23 4 i 7 £
S1 FIFF FHAL,
12 EWHE
121 EWHEAREE SLEMNE 10 HBFFS,
FEIH JEI] 30 d AR PR R PRHA AR [R] 43 3 ZH(A: 14
s Be SUBURLARDRH R L Cr OSBRI ARL), R4
3ANEAT, BT 500 S o SRR A0 0 B iR SR AE
9 AMAFLUA 200 L AYERRHE N, 7K 19~207C, %

fif48(6.97+0.12) mg/L, HHROLI, R A 7:30 JF
IR 17:30 4500, ARBR 2 h B0 1k, L3 6 vk,
A G R K R AR, %Eh 2 ~/mL; B4
B 5 ROBORL R R S R A, R AR 3R,
R HUEE N 2 AN /mL, SCURL T R IR O AR TR
A 100 mg; C 41 H B IRGEATOR TRDRE, 10y
BER B 100 mgo BERIAK 1 ¥R, HoKE b
() 1/5 BERWETG 2 ¥R, S i BRAR VH 2% FN5E fA,
FHAMhE %
122 H#@BRXRESIHE SLRIFHETHEILE 60
AT Fa 1 AR R RURI 23 M RS- s 44K
TREEAE N 45 SR A BT IR AR FIVAR R . S T s
5 B R A e bR SR A AR AL R B, S TSI T
IR )5 10 d. 20 d.30 d(SE IR 25 ) A THE SR 5,
APATH P 20 RBAFfh, fFfass MS222 R
Ja, MR R R a4k, SRIEWH AT
WAt G — RS, TR R K3 J5 il 41
Br RPFR AR B R BT i . LI 45 oS B
I E 20 BB, FEvk batCfgsnl, B Py A,
W R F T R 2 -80°C vk Al, T IE 1k B L B
B S5 AR S G 0 FEERC 100 B2 I R0 5 I 7 %
F|-80°CvKAH, FHT Mg Wil i

F 8 4 K K (specific growth rate, SGR) I
& (survival rate, SR)% T ¥ A58

SGR = 100x[ In (W¢/W, )/T ]
SR = 100x(Qi=Q)/Q;

K, WeRRZORIBE, W, RRWIIREE, Q &
NI UG B AT g, Q R SR R Y
FEARRET 8, T R Se i KB
123 EREMNE MERMKRIA S EHEE, %H
T (g) : RB(mL)=1: 9 Ry LLI, JmA 9 AR A
FRERAK, VORI F T HLAI K, 2500 t/min, 2§
L 10 min, B EIEW, 3365 4 CUKFERFEREH,
8 h PN 52 A I 5

M B RO, BEOM. BEAN. EM
fitg . AR . BEREER R (ALP) . ¥ R EH(LZM) .
i E AL S B (CAT) . AL {L il (SOD) iy 1k 14
N 3497 P i e A A A B TR 9 T A 7 R
EEAT, B 2 ) s s g e i

it 1% 71 B AN, AR S N
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mg HZVE A 37 CHE min /M FE AR | pg 2
AR 24T 1 ANBEE J1 8007 JBEER 1 BTG % S 7 pH
8.0, A 37CHMT, B mg HEATEAMBRE
FH G4 min fEOEREEARfE 0.003 4 1 ANEFIG 715
N7 BEFE G PE A mg 4 218 1 37 C B 4% min
IR AR R pg IR AH X F 1 ASBEG 1A
TERT BTG T L2 A mg B AE 37 CRE SR
Y 30 min K% 10 mg JERE XN 1N ) B
i, e RIS T e 37T CA&RMET, B g HAEN
FEA R N R Z T SR RN 1 min BE{HFE 1 pmol
R 1A B ALP 3G b A g SR A
16 37°C I 5 EBAE 15 min 725 1 mg Bk 14
fitg 16 J1 8, fE 3T CHAMT, —a MBI e
VA AT V5 T T e 4 AT 4 7 400 TR SR i, DT Uk
JERRAR, A BHRERGn,  DR e mT AR e PR YRS
AL B S B, LZM IS IR 1 pg =
80 U; it A LA BHE N mg LR 1 s 7
1 umol [ H,O, B9 &M 1 /N6 J1 507, SOD it
J%F mg HAEATE 1 mL WK SOD il %
ik 50%IH] AT X A SOD i 1 NG 1 BAfir
1.2.4 BRAABRMIZE  FESL LW J5 A K 645
JA 3 mL 1mol/L KOH-CH3OH {5k, 7¢ 75°C/Ki
HiE Al 10 min, A5, MA 3 mL 2 mol/L 1
HCI-CH;OH %, P 75 C/KIEH I 10 min,
fEHWEEL, SREIA 1 mL 4 0F %edic 7 2K B,
B EIE WO R B O PR 0 5 min, fH]
2 [E H /N 7] HP6890 HU A HH (23 {4 M i 52 R
D R 1) %
1.3 TSIt

i Excel 2010 4478 AR 511, H
SPSS18.0 FitHfFiEfT ANOVA HHEKJy 257
Hr, H LSD 1 SNK ZH ik 25, &
EEIKE R 0.05 85 4 R AR MR (X £
SE) #7156

2 ERESW

2.1 ERHIBE AR ER 53

TR AR W BR AL AT WL 1, 1 HL AP A
g 195 2 (SFA) & 2 2 251K T SOWUREARDRE, T A
TR AR 5 R (MUFA) 9 15 48 1 3 i T SO0k G R

2 A4 RS 1 iR (PUFA) () & B W & 22 7] 22 % K
i (P>0.05); W M n-3 & AN R IR R
(n-3HUFA) i 7 1 1 25 I T SO0 1) 861 (P<0.05),
Hh =+ AL ETR(EPA) S B W & Z | 2 %A 5
E(P>0.05), MM L PAEH - kAN
M2 (DHA), Ho i 2 1% T B0k 1 R} (P<0.05) o

x 1 R SHERR R BE B BR 4E A EE AR
(HEFEHEEME 2 )
Tab.1 Thecomparison of fatty acids composition between
Artemia and micro diet (% of total fatty acids content)
%

AEWiR fatty acid ®iH Artemia  fUBURLAREL micro diet
Ciso 1.15+0.09 7.70+0.59
Cis:0 0.25+0.06 0.36+0.08
Ciso 10.41+1.217 24.52+2.65
Cizo 0.62+0.08" 0.26+0.04
Ciso 4.83+0.56 4.55+0.49
Cao0 0.08+0.03 0.150.05
SFA 17.32+2.21° 37.53+3.98
Cisint 13.69+2.59" 6.07+0.77
Cigino 32.54+4.64" 19.66+2.10
Cao:1n9 0.44+0.05" 2.79+0.18
MUFA 46.67+5.87 28.52+3.91
Cisons 4.810.30 4.72+0.46
Cigns 0.49+0.04" 0.13+0.01
Cig:ans 7.78+0.92° 0.78+0.06
Ca0.4n6 2.02+0.31" 0.71%0.05
Cao:5n3 16.28+2.55 12.37+1.76
Caasns 0.51+0.08 0.62+0.11
Cazigns 0.26+0.02" 10.71£1.25
PUFA 32.15+3.67 30.04+2.90
DHA/EPA 0.02+0.01" 0.87+0.06
EPA+DHA 16.54+1.77" 23.07+3.27
n-3 24.83+2.30 24.48+2.19
n-6 7.32+1.02 5.56+0.78
n-3/n-6 3.39+0.45" 4.40+0.38
n-3HUFA 16.65+2.15" 23.69+3.22
EPA/AA 8.04+0.98" 17.44+2.14

T TR PR EDRLRLAE AR 35 22 5-(P<0.05). SFA, 18 AIE iR
MUFA, B ARWWHAEITER; PUFA, £ AW ER; HUFA, #A
HANNE IR, EPA, —HBRTLMER(20:50-3); DHA, —+ /N4
fR(22: 6n-3); AA, —THRVUKEHR.

Note: ~ denotes significant difference between two diets(P<0.05).
SFA, saturated fatty acids; MUFA, monounsaturated fatty acids;
PUFA, polyunsaturated fatty acids; HUFA, highly unsaturated fatty

acids; EPA, eicosapentaenoic acid (20: 5n-3); DHA, docosahexaenoic
acid (22: 6n-3); ARA, arachidonic acid (20: 4n-6).
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UL 1, 3 210 T SR AR L R S AR — 35, 7F 20 d
uWﬁ%F@ﬁzodF@ 5 W2 A ]
B R T 5, ﬁiﬁ%%ﬁ?%;ﬁ%%ﬁﬁ,
RGBS R, MR 10 RIGHE 5T
Al 9 4 (P<0.05), fll 390K T Ak 2H g 16 K,
A5 K A A TE B E M2 5 (B 1A), RS E
AR IEAR —B(E 1C, 1D), 455
RAEBRRANERK SEE RS, B35S T LMW
41 (P<0.05), BRI EIAIIR Z, B AL AR, P
HZEAFAEREEESR, HINEA Y SGR
e, T K R4 (P<0.05), {H 5 6k iR
BEZE A PTG i 3 1 2% 5 (K] 1B),
23 AEMEREMAETEELEFTINZMm

AN R PERE XoT S Y PG A £ 31 A B 0% T 7 5
UL 2, b R R R S ) KO TEAS A

TE B A v de IR, W 2 KT A P 41 (P<0.05),
TR A P W2 55 SU0R iR k2 TG B 35 M 25 57 (KD 2A);
JBE 2K 11 it -5 0 M Bt AE 45 2H P B A A R — 3k, AR
SO R R RS B, IR AR R Z,
K A AR, 454 2 R 25 5 B 35 (P<0.05, &l 2C,
2E).
24 AREMEMAHFEIESRERER
e A

SOD 13 J17K V7 i B2 B ik, #5412 1]
Jo i EPE 2 7 (P>0.05, K] 3a); ALP i J1 K F-AEfK
R R R B IG, AH Z ERE 2R P>
0.05, [¥ 3b); CAT 5 LZM i J1 7K A8 o e Rl
Hrbdem, WES T ERAP<0.05), H5RE
P ZH AR L TG i 3 22 5 (P>0.05, &l 3¢, 3d).
2.5 AEE LT N P EHEF RS R ER 48 AR B 22 R

SR J 14 5 Y VG SR A £ 3 R 114 40 B 465 SR AL

[ A —=— X Artemia wuls
—o— IR BB Artemia+micro diet
© 100 - —a— B fRIRHE micro diet ~ 12} a
g n=3; %:SE < ab
= ~ 10
£ g b
é 80 i/ 8
X fﬂ- 6
§ = %
pe 60 - AT —a— X Y] Artemia
= £, —o— BSR4 Artemiat+micro diet
b —A—TBRR REE. micro diet
1 lc or n=6; x+SE
40 1 I (I: 1 1 1 I I
10 20 30 0 10 20 30
i B [E]/d time ifE]/d time
28 L
¢ . 010fD
[ —=— X B0 Artemia a
) 24 —e—RA B Artemia+micro dlet b L 008k
& | —a— BORAA R micro diet b =) —=— X 4] Artemia
= 20l  n=60;X+SE S 0.06 - _o IR HBRY Artemia+micro diet b
f!é I —%’ ’ —a—THBURIA R 2H micro diet b
§ 16 - 30_04 n=6; x+SE
K L 1
= 12 + & 0.02 -
8 U

0 10 20 30
B} ]/d time

&l 1
R FR A —
Fig. 1

0 10 20 30
B} [E)/d time

AN [ AR Xof 2 Y 78 A £ 0% 5 A A Y B2
B[R] AN [ 41 22 [ A7 7 2 1 22 57 (P<0.05).

Effect of different diets on survival and growth of Alosa sapidissima larvae

Different letters indicate significant differences between different groups at the same time (P<0.05).
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é: C T D n=6; x+SE
Q L
é 0.8 n=6; ¥SE 5_3 0.6 T T T
b
S 06 s g 04
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& T 5
\D/ 0.4 :’
2 202
02 ®
e #
ﬁ 0 1 s 1 s - 1 N 1 . 1 . 1 ,
B HL2H TSR AL BABRA B TORLIRDAL TRARMRA
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80 _E c
o _ [
é 60 - n=6; x+SE b
= I
tén a
= 40t T
2
g
820
o
B L ZH THORORL IR RL RARRA
Atemia micro diet Artemia+micro diet
2133 group

AN T B T SR O 0 e £ 3 P T 05 7 114 52 )

A T) - B 4% 5 IR 2 ] A 7 2 5 1 22 57 (P<0.05).
Fig. 2 Effect of different diets on digestive enzyme activities in Alosa sapidissima larvae
Different letters indicate significant differences between different groups (P<0.05).

7 2, SFA W& AR ROBUR R R T ey, IR
MRk Z, wa HO R AR, OBk R R A
5 T 14 B 41(P<0.05); MUFA f9 £ 116 i H 20 P i
1o, EOBURLfRDRE 2 IR, 45 4L TR XA A S
#5(P<0.05); PUFA & B 1E & A 2 RIS TEAE i
EME2E 5 n-3HUFA 19 B A TPk, &
FAK T HAh P 41 (P<0.05), Ho Al 5 41 1] G e 25
22 5%, Hh EPA Fr (e A M ANAAAE B k22 5,
i DHA &8 7e Uk gl i fie s, pd B2 ik,
I H A4 ) ¥ 17 AE B35 P22 5 (P<0.05),

3 itig

R R 85 7 1 B2 —, BRL 0 6

FE A7 TG S A KOO B E R A 52, TR
WA R T TR 1Y) 25 5 S 5 Wl AT A K R0 (1)
BHEZ — —BIMESE T xR IR i 7
SR A5 0 A0 2H AR T Xk S U G e R
KB R MR AR AL RO 5T R R, DR B AT
H n-3HUFA UL} DHA #RACTER = 7K, XT LG
B 15 FOURE LR Y B T R 2H AT DA R B, T
SR TR P i 7 P 2L 0 5 B A A o R T
ARG, % S S5 £ [ LR AT e SE PR AR
72 H R AT SR (50%) FRE A2 A KR (10.2%/d), 4%
2 HR 3 I A T 179 B8 R R AT SRR A
F, HIERIRE F R ER AR AT .
FAk, B A AN R AR, AR SRR
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%25 &

2, ATHES K UK N EUIR Y n-3HUFA & & DL JL
FAEA DHA A, HE R R n-3HUFA &
A DA S AP e 71, A R T BT
fO7E R BT 2 1 DHA 240 i st i
SR LY, TEAT R A 5 il ) L R rh A
35 B A PO, XA SR R A K R
WA 5 W o EE AR 2, A o b 55 AN A S U
M2, 5 EPA Fl AA MIHCHE 2224 Rtk
Z DHA Alfe&SEmMafiin ks AR, M
— 45 MR ACORE G R B AT f AT A, AR R
2%, TREEH T A LERHEASEXEA
SE4r, SRR REA R OOk R 02627
RETMRAERIE R, KK REDREAEK
R MR RAERI, JRE R T — 7 iR RF
() A 0 PR SE 11 M DL R B B Ak, S — T ThT B
A B T SR ARl S T AT R R 1Y TR B, A

2 S w1 85 A e i e O 5 R N YR R
T AR, I8 RS A A R T A A T G )
Blo 53 AN RO AT- 044 B 15 R 0% 41 st A
S, SUBURLRDEHE AR A 4] n-3HUFA
IS DHA W& & 35 m 1 g, JUH 2o
R kL2, 50 R YRR TR & s 2R AHDG, X
5 NEE SRS X244 Robin® i i 5t 44
B—H XD g & B, a4 Bg I R 41
B AZ AR R D7 R 4 B i K, (Bt = DHA
A R 45 WL 4} A5 47 B £f1 (Epinephelus  coioides) ff-
)5, HAKP DHA W& R, /el
fliF AA. EPA. DHA & &5 1 KRR VF K 4%
W ZF & (Paralichthys olivaceus)ff-fa J5, H& & &
EE TR G RIS YR

R, MK RME T SEPNIHLRS
A —E Al SRR n] DU AS R A AR

80 -
a 6, TSE 80Ty p=6;%SE
8 1 T I
= [ T g
< 60r T 560 I
B &
E 2
g 40+ g 40
§ 200 § 20
i3}
0 1 s 1 1 y 0 1 1 N 1
3l TR Rl RARRA B B 2] TABURL Pl B RARRA
Artemia micro diet  Arfemia+micro diet Artemia micro diet ~ Artemia+micro diet
12F°¢ b b | d b
. = =6; x+SE
< 10| n=6; ¥+SE 1 T . 6L " T b
S ; & : T
& 08 L §4 T
= — F
S 06f g
W e
S04+ ey
- Bl
=021 S
0 1 L 1 " 1 3 1 L 1 n 1
B AL 20 TR R TRARMRA B HUH TBORL IR TRABRA
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20 51| group

B3 AN [RIGEDRL 0T SG Y PG A £ A A S M S A 2 )
) S R R 25 5 MR 2 ) A 7 8 25 1 2% 57 (P<0.05).
Fig. 3 Effect of different diets on non-specific immune response in Alosa sapidissima larvae
Different letters indicate significant differences between different groups (P<0.05).
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& 2 NEIERExS 3 M 78 & 4F & BE B B& 26 X A 520
(HEBBEREEM B L)
Tab. 2 Effect of different diets on body fatty acids
composition in American shad larvae
(% of total fatty acids content)
%

s i B R RAHREA

Fatty acid Artemia Micro diet Mixed feeding
y group group group

Ciao 1.01£0.23* 3.53+0.46° 1.88+0.27°
Ciso 0.32+0.02 0.36+0.03 0.36+0.03
Ciso 17.41+£1.35° 24.7243.61° 19.56+1.75%
Cimo 0.8120.10° 0.38+0.04° 0.78+0.09"
Ciso 7.13+1.32 5.86+0.78 7.1440.94
Ca0:0 0.13+0.02 0.15+0.01 0.15+0.01
SFA 26.814£2.17° 34.98+3.08° 29.87+2.26
Cle:int 9.89+1.22° 4.42+0.37° 6.46+1.28°
Cis:ino 30.47+3.64° 18.27+2.15° 24.52+3.30™
Ca0:1m0 0.47+0.05° 1.70+0.22¢ 0.90+0.08"
MUFA 40.83+5.44° 24.39+2.80° 31.87+3.62°
Cisiane 3.59+0.41 2.74+0.39 3.35+0.31
Cis:ane 0.48+0.06 0.40+0.05 0.36+0.07
Cisiana 4.88+0.76" 0.63+0.05° 3.57+0.64"
Ca0:4n-6 2.56+0.41° 1.70+0.19° 2.31+0.22°
Cao:5n3 10.54+2.23 7.62%1.77 9.03+1.69
Croisns 2.50+0.30° 1.58+0.21° 2.18+0.33"
Carons 3.50+0.45° 21.68+3.60° 14.74+2.17°
PUFA 28.05+4.32 36.35+4.93 35.53+4.88
DHA/EPA 0.33+0.04 2.84+0.19° 1.63£0.12°
EPA+DHA  14.04+1.56° 29.30+3.56° 23.76+3.40°
n-3 21.42+2.72° 31.51+4.11° 29.52+43.66°
n-6 6.63+1.06 4.84+0.85 6.02+0.97
n-3/n-6 3.23+0.45° 6.51£0.93° 4.90+0.72%
n-3HUFA 16.54+2.40° 30.88+3.77° 25.94+3.64°
EPA/AA 4.1240.61 4.50+0.55 3.91+0.39

TE: [/l — 47 b A S 7“7 B 5 B 18] 47 78 3 22 5 (P<0.05).
SFA, HFIRITER; MUFA, SRR IIRR; PUFA, £ A AR
WifR; HUFA, AR NIR; EPA, — 5K ILJ% R (20:5n-3);
DHA, T TBANMEER(22:6n-3); AA, BRI,

Note: Values within the same row with different letters are signifi-
cantly different (P<0.05). SFA, saturated fatty acids; MUFA,
monounsaturated fatty acids; PUFA, polyunsaturated fatty acids;
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Effects of different diets on growth performance, enzyme activity, and
body fatty acid composition in larval American shad (Alosa sapidissima)
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Abstract: The American shad, Alosa sapidissima, is an economically and ecologically valuable anadromous her-
ring native to the Atlantic coast of North America, which was introduced into China as an alternative species to the
Chinese shad Tenualosa reevesii (because of the latter’s near extinction), and is considered as an emerging aqua-
culture species in China. However, the high mortality rate in the early stage of development, particularly after in-
gestion of exogenous food, has seriously restricted the development of the industry. Therefore, food selection
during seed rearing has important significance. In the present study, the effect of different diets on growth per-
formance, survival, digestive enzyme activity, immune response, and body fatty acid composition in larval
American shad were assessed. Larvae of American shad, 10 d after hatching, were reared with different diets (Ar-
temia, micro diet, and mixed feeding Artemia and micro diet), in triplicate, for 30 d cultivation. The survival and
growth performance (survival rate, total length, body weight, and specific growth rate) in the mixed feeding group
were significantly better than those in the other two groups during the studied period (P<0.05). This may be at-
tributable to the difficulty in digesting micro diets during the early experiment stage and the deficiency of essential
fatty acids in Artemia, particularly the deficiency of n-3 highly unsaturated fatty acids (n-3HUFA) and docosa-
hexaenoic acid (DHA). There were no obvious differences between the micro diet group and Artemia group;
however, the survival and growth performance of the micro diet group during the 20 d—-30 d period were better
than those in the Artemia group (P<0.05). This may be because larval fish can digest and absorb micro diets effi-
ciently during this period; moreover, micro diets have a better nutrient content. There were no significant differ-
ences in the pepsin and amylase activities among all groups, whereas the activities of trypsin, chymotrypsin, and
lipase in the Artemia group were significantly lower than those in the other two groups (P<0.05). Furthermore,
chymotrypsin and lipase activities in the micro diet group were significantly higher than those in the mixed feed-
ing group (P<0.05). This indicates that fish larvae could digest micro diets efficiently at the end of experiment,
and the addition of micro diets can improve digestive enzyme activities and digestion ability to a certain extent.
There was no significant difference in the alkaline phosphatase and superoxide dismutase activities among all
groups. The highest activities of catalase (CAT) and lysozyme (LZM) were recorded in the micro diet group, and
the activities in this group were significantly higher than those in the Artemia group (P<0.05). There was a certain
correlation between the survival performance during the 20-30 d period and the activities of CAT and LZM. The
mortality in the micro diet group and mixed feeding group remained stable, whereas that in the Artemia group
continued to decline during this period. This indicates that the addition of micro diets may enhance the
non-specific immune response of larval fish. The fatty acid composition of fish larvae was affected considerably
by the fatty acid composition of diets. Due to the higher content of essential fatty acids in micro diets, the contents
of n-3 HUFA and DHA in the mixed feeding group and micro diet group were significantly higher than those in the
Artemia group (P<0.05). The experimental results indicate that different diets have an obvious influence on the
growth performance, survival, digestive enzyme activity, immune response, and body fatty acid composition of
larval American shad. This preliminary analysis showed that mixed feeding with Artemia and micro diets before
20 d and full conversion to feeding with micro diets after 20 d can reduce costs and improve production efficiency.
Key words: Alosa sapidissima; micro diets; growth performance; digestive enzyme; non-specific immunity; fatty
acid composition
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