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PERE, BhORMERE, Sz W2 i s . AH b
THAHESS, FAIS T 228 1 (Rachycentron cana-
dum) B A REPRHR FH A H el T A e AL
P fig P s g R R R, &S B H AR IR (Mac-
robrachium nipponense) SN (IR P S e K
N SRAEPON A ISR S R (Acipenser
schrenckii) WKL G PRI, ANRIRRKIL S
YR Xt P15 X MR (Litopenaeus vannamei) [ 18 &
HELS ) S 2 FE A e W 2 e, R, 7Efa
IR, B DR P AR N A AR K A S
YRR R EE, HHEE K O RE5 (Micropterus
salmoides)'""" . ik K (A. dabryanus)'™ . ¥ A
BE 1t (Epinephelus lanceolatus)'” . # 4 (Salmo
trutta) A0 T B A SERGE

Z % 4 W 121 (Onychostoma macrolepis) I 4 %
g aifh, MAREAH , g, R kA
74, NERRL (Cyprinidae) [ B £ J& (Onycho-
stoma)™ . TEFREREPG . HR . AR DAL g Es
S5 b 1 LR P G AR, SV E R,
MERPESE . EFREENRA, ST,
WA KR, FRIE 2021 4EMAR ) E R EH
MR BB 2 5k ) O A n B A R RGN R
% H s R sh ) (IR EF A A ). 265
0 7 [ N SR S AR IO — o 550, JPIE L —
TR, CHEFEDS B ME", e
EZ TP . fEE SRR DT, A T
Z 0 R0 ] 1 i i 3R B R Y Angh fa
BT SR B A A AR oA oK A W 75 K Y E
SRR, IIKFELL 20.7%~26.7% N H, HT4H:
KR, LL25.67% AEAER,

NSRRI E A SR iRkl SIS ]
HIAIHE . M. EOKVER . MR R 4ER X 5
P[RR AL G P 2T RS o HORE, PPEAG AR K
PERE . etk . W . BRI . BRI |
P AL AR AR SO AR AR PR T R, B TR
T 22 6 11 R f0 FORGE B ok S 2R, R
HA B RIS E TR, BiJi il R,

1 MESTHE

1.1 SCIg#R)

SIS 01 Ay 22 RRE T B ELAR R AR S SR AP T
KATBRS FIHRALR 1 &l 4hfa .
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KK YRR JERE L, SR mans . 22
Wi EORTER . BIRE LA R eT 4 2 (R HE R A
BT, R S Ml ib &4, 17505
HAR ST, Dhky (BRI RREBHHA R A ],
Mgt R SERAE YRR BR ), R0
BEEUR, KT (R0 B e O B R A
PR D). il GRIEIE AR R ITEA R Bt
WFEART S, B R X)) 5 30 R #&
Lol VLBl SFE IR A, fE AR, Fhl
S A SF RN H A, TR RV IS i 40 B
U, HEC PR IR A), FIPLER AT B kL,
EHNWT (24 h), RAELRANEKN, B4
RHBEWE R 2 mm R AR B0k, FH AR B 5 T ok
F-20 °CIRAF . By SOBEFRA ML 1 T3k 2,
1.2 SEhigit

AT 283 P AL RAMBI B K 2% 52 55 3 46 21
ReHR, FFEEh Iy . shP e A Re 2 s
W, 56 EE SRS YR A A L . 1
PERLRS B SE . fRBRTCHS . Al — bk iy 184,
FE VG U AP 4L R 2 22 F K ™ 36 7 Y1 17 R 7K
FRA ARG FEHIAR (300 L) NaEAT 2 JE B9 B 3%,
B S a] R L B CRELEE 11 38%, HHLIE T 7%,
WAL g5 0 AE MR A BR S w) ) AT Y 4R . 5E
AT F ARG R, SERERT 12 h (8:00—20:00
FIT). WIFREESHIE, ¥ 150 BRI o, REH
(5.45+0.83) g 2 H a4 fa bEHLor~ S 4, &
HINEE, HAOEL 10 RBM, MILSEE 15
AFEFEAR, AT I 56 d IFRFESEER . A faln
B 24h, ZJEHEH 3K (8:30, 12:30. 16:30) 1Al
M, RO AR . SRR (23.53+
1.62) °C, ¥4 N (7.76£1.36) mg/L, pH 7.44+
0.02, 2% <0.10 mg/L, VAR ER % <0.005 mg/L,
TRAL#<0.05 mg/L.

1.3 HmXRE&E

TP ARG, Wi s 24 h, D 3-
BT W R 2 (MS-222, 100 pg/mL) FEEE, FF
A AR T AN i KR, AR REALE 2 B
LAl T =20 °C /AF, TR 041 5 R
i), PREANEE, 708 hin RN
JIFIRRME . BFAE . Bl , JFE PR, BRI
TP, TR R A R AR, IR T
—-80°C, M THER &&=, BRI . it ke
FIESRAR A s R4 3 R, JATREFPKCR I,
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®1 ZBHEREFRERES

Tab.1 Dietary formula and nutritional composition

GiH WK AR carbohydrate types
items IR B FKTER Lk YR
glucose maltose corn starch dextrin cellulose
BERl(g/kg) feedstuffs
¥} fish meal 400.00 400.00 400.00 400.00 400.00
E&EHE  casein 120.00 120.00 120.00 120.00 120.00
Hi%E  glucose 250.00 0.00 0.00 0.00 0.00
F M maltose 0.00 250.00 0.00 0.00 0.00
T KiEH  corn starch 0.00 0.00 250.00 0.00 0.00
WikE  dextrin 0.00 0.00 0.00 250.00 0.00
4K cellulose 0.00 0.00 0.00 0.00 250.00
il soybean oil 30.00 30.00 30.00 30.00 30.00
FH fish oil 14.00 14.00 14.00 14.00 14.00
Fih o lard 30.00 30.00 30.00 30.00 30.00
BREPEAYEZA  sodium carboxymethyl cellulose 105.00 105.00 105.00 105.00 105.00
ZYEFIRAELY  vitamin premix 10.00 10.00 10.00 10.00 10.00
L HIRA?  mineral premix 40.00 40.00 40.00 40.00 40.00
2,6- AT X HE  butylated hydroxytoluene 1.00 1.00 1.00 1.00 1.00
Rt total 1000.00 1000.00 1000.00 1000.00 1000.00
EI2/KF/% nutrient levels
&M crude protein 37.26+0.48 37.20+0.42 37.00+0.02 37.31+0.04 37.14+0.15
AARW  crude lipid 9.31:0.09 9.58+0.19 9.45+0.09 9.36+0.30 9.47+0.18
K% moisture 10.13+0.61 9.59+1.33 9.69+0.83 9.69+0.36 8.80+0.01
FLA4y  crude ash 14.64+0.01 14.33+0.08 14.15+0.03 14.30+0.02 13.96+0.16

I 1) ZATRE mg/kg IR 4EARC, 200; BilkF10: ZIFR20: 4EEFHKA, 30001U; 443 D3, 15001U; 4642 RE, 501U; FZERR,
10; HHEERMEMRETE, 10; SRR, 0.02; AEWHR, 1.0; ZERH, 40; WEE, 5: MER, 20; WIEE, 400: SAGIHGR, 2000; VLA yHk.
2) LW TR EHg/0.1 kg S Y ) NKAL (SO4), 0.159; CaCO;, 18.101; Ca (H,POy),, 44.601; CoCl, 0.070; MgSO,, 5.216; k%%, 0.070;
KCl, 16.553; KI, 0.014; ZnCOs;, 0.192; NaH,PO,, 13.605; Na,SeO;, 0.006; CuSO,*5H,0, 0.075; FriFMREk, 1.338.

Notes: 1) vitamin premix contained (mg/kg diet), vitamin C, 200; thiamine 10; riboflavin 20; vitamin A, 3 000 IU; vitamin D3, 1 500 IU; vitamin E, 50
1U; menadione, 10; pyridoxine hydrochloride, 10; cyanocobalamin, 0.02; biotin, 1.0; calcium pantothenate, 40; folic acid, 5; niacin, 20; inositol, 400;
cholinechloride, 2 000; and fiber as a carrier. 2) the mineral premix contained (g/0.1 kg total mineral), KAl (SO,), 0.159; CaCOs3, 18.101; Ca (H,POy,) »,
44.601; CoCl, 0.070; MgSOy, 5.216; MnSO, * H,0, 0.070; KCl, 16.553; KI, 0.014; ZnCOs, 0.192; NaH,POy,, 13.605; Na,SeO3, 0.006; CuSO, * 5H,0,

0.075; ferric citrate, 1.338.

¥rE T 4°CUK4H 12 h, 4 °C &0 (4 000 r/min,
10 min), HC 3 T80 °C vKARAF, T 1ML i
AARFR PRI AE o BEAN S A O S B A SE T
14 EKMgEERTEAR
W R (WGR, %)=(W,~W,)/ Wyx100%
Fi5E A K (SGR, %/d)= [In W~In W]/rx100%
HE3#6 E (CF, g/em®)=W,/L*x100
JFA LG (HSL, %)=W,/W x100%
WA (IST, %)=W, W, x100%
B850 (K1, %)=W,/W,x100%
JE I B i 46 X (TFT, %)=Wy/ W, x100%
A G (VST %)=W.,/W, x100%
T kL 225 (FCR)=F/(W ~W,)

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

BB SR (PER, %)=(W,~Wy)/(FxPp)*x100%
FETH R (SR, %)=N,Np*100%
Kb, WONERIKHE (2), Wy ARIIRIEE (2),
Wy A AFIRIETE & (2), Wi MmiEEE (g), W N
B EE & (g), Wy NIBENRNIHEE (g), W, WWIE
Hi (),  AEFRE ), LAKEK (cm), FR
WA (2), PrNmEEAEE (%), N WAKE
B, Ny hPIG R
1.5 EHRS RERENE

G ST HORR AR & A I A 27 55 [ 4y
Wik 2 Z Ur2: (AOAC)P Y ke, /K433l i HE4E
FE 105 °C Bt EFE I . & S PG E A
P o LR R & IR AR A DN o LK 537
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R 2 LI AMRASEIERE M

Tab. 2 Dietary fatty acid composition %
T AR A IR carbohydrate types
items RN B S ST) ki dYER
glucose maltose corn starch dextrin cellulose
C14:0 2.05 1.67 2.73 2.61 2.01
Cl16:0 16.11 15.31 22.08 21.94 15.41
Cl18:0 6.5 6.45 10.11 8.66 6.72
C22:0 0.57 0.60 0.73 0.68 0.85
C24:0 6.63 9.41 7.49 8.59 6.79
>SFA 31.86 33.44 43.14 42.48 31.78
Cl16:1n-7 2.85 333 4.11 3.52 2.69
C18:1n-9¢ 23.86 23.73 7.63 9.47 26.08
YMUFA 26.71 27.06 11.74 12.99 28.77
C18:2n-6¢ 21.2 22.30 24.14 24.39 21.28
Cl18:3n-6 2.77 1.89 2.81 2.99 3.21
C20:3n-6 0.59 0.55 0.78 0.58 0.67
C20:4n-6 1.78 0.76 0.94 1.67 1.87
>n-6 PUFA 26.34 255 28.67 29.63 27.03
Cl18:3n-3 1.74 0.81 1.32 2.01 2.30
C20:3n-3 0.21 0.12 0.14 0.11 0.12
C20:5n-3 0.43 0.3 0.33 0.23 0.25
C22:6n-3 4.33 5.11 6.55 6.70 4.99
>n-3 PUFA 6.71 6.34 8.34 9.05 7.66
YPUFA 33.05 31.84 37.01 38.68 34.69
n-3/n-6 0.25 0.25 0.29 0.31 0.28

iE: SFAMERIIRIIE, MUFABAEAMARIIR, PUFA. ZAERIEIIR, .
Notes: SFA. saturated fatty acid, MUFA. monounsaturated fatty acid, PUFA. polyunsaturated fatty acids, the same below.

i p 550 °C MyBe B AR 5 I o HPRE R K JUURE
Ji i sk Fg T AR ) T RRBIF ST T A LB [
R &, F IR UG A o b e dE A T R

1.6 FERAERLE AN E

FE B0 A BIFREL 0.3~0.5 g Rk . LA .
JHFIRIE . REFRAR T, I AHEE - G005 (12, A
[t) 5 mL, i 53 #gs (XHF-D, SCIENIZ ©,
TU) TR, BEL 20 G, HEERIEHRKSE
REEW, W4 mL 7548 7K, 3000 r/min #.0
Smin, FRICTZWME, 7£ 40 °CKIBHFMF TR E
Ko RBRA R EE . & 5. mEOETIA 1 mL
sl O bE, FRIRT RIS f# S, A 1 mL
0.4 mol/L KOH-H B ¥ , 7E+E K F 4R 30 min
HATHERE . WERfLS, mETIMA 2mL BT
JK$EA], 3000 r/min B0 5 min, /NOIEECEIER,
=20 °C &M TIRAF o TR AT (ZHEE 7820a,
) B HEATINE o A5 300 g 7 T 0 T R B E A T
FRUH — AL 8 X R 4 L B i 815 H
FR R BT R AH ¢ R B0 S RAR SRR AR OGRS .
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JH CORREL pf % 11 5 B2 /R £ M ¢ & $ P
R=log,(PT/PD), Hr REMRFRHALENiIRRS H *E
eI RRAH DGR BB A%, PT Ry — BRI R 7E 2 21
I LLA, PD S [FIRR G R ZE B R A% Rz (9 L]

1.7 MEEIEFRNE

ML 2B A48 Am 0 B B 19 48 79 % i (ALT).
A W W (AST). B PEBEFR i (ALP), BEH
(TP). HI#EH (ALB). BR&EH (GLB). HIRLL (A/G).
% BE (GLU). SR EE (TC). Hh =8 (TG).
o IS A I [ B (HDL-C) . R %5 8 & 14 1H
i % (LDL-C), 75 u IX & el 1 4= F 30
AR TN (B HE TLab600, H ) % .

1.8 MEMIERNE

JHF IR ZH 2 A 43 e H kit 48 (6 7 (GSH-Px)
i AL A (CAT), B AL E {L B (T-SOD)
TEPELL N (MDA) & i, i B ot g e )
AW ST I AR 7 1R & (524523 51 A005-1-2.
A007-1-1, A001-3-2, A003-1-2) l5E .
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1.9 HEo

SIS (g ] SPSS 26.0 4k 44 (SPSS Inc.,
) ST RN R T 2 (ANOVA) 2381, 45 4b FH ]
BEZEN, 4 Duncan [CEZHE LI, P<0.05F
IRZEFIRE . BRI EREZ (meantSD) FR,

2 4

2.1 HRPHRAKUEDEBEMNSZHORagE
K EMEMRE BRFIB RN

Zeat 56 d WIFRAH, A2 M ORI B 2 &
FHA 44 (P<0.05), H A 4 410 JC 3 2% 5
(P>0.05); ZZZFHEdIIG SR, W & T Ran
REFAER 2 (P<0.05); 22 20 KoRH 20 18 1 32 A

K, BEETRER ., T REHETFEEH (P<
0.05), Ja 3z H 25 A8 (P>0.05); 220
HARrEAERKBRR, BERTHHERL (P<0.05),
TEAEY AR E AR HE R B/ IMER IR by 22 2F
Wi ORDRE . AR FORWER . FdER, HPL
KRG 178 2 B AL 0] AT 3 2 5% (P>0.05); A
P 7E 45 4L C 35 2 5% (P>0.05); WafAk Ll . 4R
B RN D Em, HRARER AR E
(P>0.05), FERRDEHRI A 710, A4l p4E o
FH2H (P>0.05), 1A ZFHEA R R AR ZELT
YL ZR A (P<0.05), Hpx4as a4 %25 (P>
0.05). Z 2FMEAL AR R i, T
WERILT 4 Z 40 (P<0.05), HL A% WE¢H B T4
A R4 (P<0.05) (% 3).

®3 BRBKLAVABENSZHAREYEE K. £YFIHREBRMBOIME

Tab.3 Effects of dietary carbohydrate types on growth, biological characters and feed efficiency of juvenile O. macrolepis

SH ARA YT carbohydrate types
items A B F TKiEk R HFYpE
glucose maltose corn starch dextrin cellulose
YifitkE/g 1BW 5.44+0.03 5.46+0.05 5.44+0.04 5.42+0.02 5.48+0.06
ZoK{kE/g FBW 12.40£0.56° 13.82+0.37° 12.52+1.03° 12.48+0.15° 11.49+0.86°

WEF/% WGR

128.02+10.36°

153.10+6.81°

130.14+18.91® 130.31+2.70™

109.71£15.62°

e EKH/(%/d) SGR 1.5240.10™ 1.67+0.01° 1.46+0.14" 1.49+0.08™ 1.30+£0.20°
O E/(g/em’)  CF 1.53+0.02° 1.59+0.02° 1.52+0.02° 1.60+0.02° 1.50+0.02°
JHAA /%  HSI 1.58+0.14° 2.00£0.04* 1.33£0.08° 1.66+0.01° 1.05+0.04"
Fatstt/% 181 4.30+0.41° 4.00+£0.02° 4.14+0.53" 4.02+£0.35 5.07+0.20°
8% Ki 0.43+0.02° 0.41+0.02° 0.41+0.01° 0.41+0.04° 0.48+0.02°
MR e ta%u Y  IF1 2.14£0.13° 2.53+0.04" 2.37+0.10° 2.37+0.19° 1.86+0.04°
JEfAREL/% VST 15.99+0.76 15.80+0.24 15.28+0.71 15.33£0.27 15.40+0.52
B/ FI 144.33+3.78 142.55+3.02 140.82+2.52 137.88+4.95 143.48+1.69
TR RH FCR 2.03+0.18"° 1.70£0.05° 1.90+0.17° 1.82+0.07° 2.42+0.34"
BEAEFIME/% PER 1.330.11° 1.58+0.04° 1.43£0.14" 1.470.06™ 1.13+0.15°
TEHE2/% SR 100 100 100 100 100

E: FATAEPNG T REROR 2R B E(P<0.05), TH.

Notes: There are significant differences (P<0.05) when the lowercase letters in the same line are different, the same below.

22 HRPHmACENLEBEMZHORaYE
B S RER S S50

WK H MK Em THRERA
(P<0.05), TiiZ 2P0 . HA50E e FORTER X 3 415
KRG BLZT 4 R 4110 22 RT3 (P>0.05), % %F
WEAHLUK Iy S Ak, PR m, 4R
7% ZEME A TN 27 4 R A R AE AR 3 25 7 (P<0.05),
2 a] 4> fa R A U RIK 4 & UG B 3K 22 R (P>0.05)
(#F 4.

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

JH W DRt e AR U A K A > 28 > 22
TEESLF AR R SRG , FORTER AL R e 2
T AR 4 4 (P<0.05), 5 45 4 2H A D i
Hm TEFRAMAYE R H (P<0.05), i 2 H
SR H I T E 25 (P>0.05), WUBE R & &
A BIMIRAR YR Ay 6 K T A > 1] 28 W > MRS > 22 25 >
R, FRERANERE S & ERS THR 4
4 (P<0.05), 4 WE . WIKS FI 22 2005 4 ) LR i
RIS E2ER (P>0.05).
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F4 BRBAKELAEDEBNZSHARENELEETNRIRERSENFN
Tab.4 Effects of dietary carbohydrate types on chemical composition (whole fish) and

glycogen content of juvenile O. macrolepis

WK EYHEL carbohydrate types

1It|)e\|n%s IR e FoKTEH Lk YR

glucose maltose corn starch dextrin cellulose
HEE /%  crude protein 16.86=0.60 17.09+0.19 16.66+0.42 16.71+0.67 16.68+0.78
MW /%  crude lipid 9.68+0.68" 10.15+0.60° 9.64+0.93" 10.73+0.61° 8.74+1.10°
JK43/%  moisture 69.16+1.16 68.10+2.82 68.18+0.58 67.93+0.84 69.26+0.94
AR 53 /% crude ash 5.09+0.54" 4.86+0.45" 5.06£0.36" 5.31+0.29" 5.75+0.32°
WLFEE/(mg/g) muscle glycogen 0.54+0.02° 0.44+0.09" 0.89:£0.04° 0.51£0.10° 0.35+0.06°
JIFHE 5 /(mg/g) hepatic glycogen 7.800.30° 6.27+0.68° 11.34+0.23" 4.86+0.41¢ 6.05+0.49°

23 ARBPEBEAUEVARBENSHARaYE

BE A BR4E AR A F2 01

BB WS B0k 22 8 1 R £ 40 00 ) JEPIBRDE |
LA AR W7 2 ZR AR TR AL A M (% 5~3 7).
T R PEor R, AN [RRE IR R SE 3 fa Y
JTIBRAIE . AL PR RN 15 4L 2 b B i R L ) 2 B e T

*5 BB AWAER S8R RS 4% BT R AL S AR 4H AR RO R

Tab.5 Effects of dietary carbohydrate types on fatty acid composition in hepatopancreas of juvenile O. macrolepis %

—EM S &8, SR A TR X
JBEIE . WLRFIAR Wi LH 4L BT R B, Wi 3 > T
Tk R T T 90%, FE WAl LI ik 3
ASERNF (PCL, PC2 F1 PC3) il 1At 18 i 5
R R ISR bR o 54 18 1 T RFIRAE . UL IR A 1y
41 SRR 195 R 20 B 2k ey [ R AT A B R B, R
C16:0, SFA. MUFA Fil PUFA b {5 %F i A4 i i iR

AR AT carbohydrate types

IItD:KIFlIS 4 IR FoKVER Lk T4
glucose maltose corn starch dextrin cellulose
C14:0 1.87+0.22" 2.49+0.57" 1.56+0.33 1.93+0.60" 2.08+0.14"
C16:0 18.37£1.72° 25.03+4.33" 14.99£1.80° 19.53+4.14° 17.51£0.15°
C18:0 0.52+0.06° 0.370.06° 0.90+0.10° 0.510.10° 1.2240.09°
C22:0 0.56£0.13" 0.23+0.08° 0.75+0.03® 0.81+0.31° 0.46+0.16™
C24:0 1.950.97™ 1.21£0.10° 2.42+0.64° 1.71£0.55™ 6.64+0.27
YSFA 23.26+0.98™ 29.34+4.73" 20.61+£2.60° 24.49+4 53® 27.90+0.20°
C16:1n-7 6.79+0.83" 8.44+0.45° 4.45+0.70° 6.22+0.77° 3.42+0.76°
C18:1n-9 49.36:1.60" 48.10+2.10° 44 47+6.74° 50.85+1.24" 25.46+4.04°
YMUFA 56.14+2.39™ 56.53+1.84" 48.9246.79° 57.08+0.94" 28.87+4.80°
C18:2n-6 9.04£1.79"™ 5.81+1.36° 11.08+0.50° 7.86+1.62" 12.45+3.98"
C18:3n-6 1.20+0.22° 0.86+0.19° 1.6620.20° 1.01£0.20° 2.51+0.34*
C20:3n-6 1.35+0.45° 0.85+0.24° 2.38+0.83" 1.24+0.17° 4.82+1.95
C20:4n-6 0.34+0.17 0.39+0.15 0.33+0.29 0.38+0.25 0.35+0.14
>n-6 PUFA 11.93+2.27° 7.92+1.49" 15.46+0.91° 10.49+1.91¢ 20.1342.43"
C18:3n-3 3.91+0.21° 2.48+0.97" 3.03+1.24" 1.52+0.46° 1.97+0.84°
C20:3n-3 0.99+0.36" 0.77+0.20° 1.51+0.38" 1.25+0.19° 3.9142.59°
C20:5n-3 0.21£0.01" 0.16+0.06 0.21+0.03" 0.18+0.04° 0.27+0.07*
(22:6n-3 3.55+1.05° 2.80+1.23° 10.26+3.13° 5.00+1.60° 16.94+4.80"
Yn-3 PUFA 8.67+1.18™ 6.21+£2.29° 15.02+3.82° 7.95£1.91b° 23.09+6.79*
YPUFA 20.59+3.36° 14.13+3.74° 30.47+4.71° 18.44+3.77° 43.22+4.61°
n-3/n-6 YPUFA 0.73+0.07 0.76+0.18 0.96+0.19 0.75+0.07 1.19+0.51
&1t total 100 100 100 100 100

https://www.china-fishery.cn
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Tab.6  Effects of dietary carbohydrate types on fatty acid composition in muscle of juvenile O. macrolepis

%

KA GRS carbohydrate types

T
items i 2 B FARTER ke YR
glucose maltose corn starch dextrin cellulose
C14:0 1.85+0.28 1.550.27 1.58+0.22 1.53+0.25 1.83+0.67
C16:0 18.03+2.57 17.73+0.54 17.69+1.46 17.65+2.42 16.17+0.96
C18:0 6.34:0.62 6.47+0.58 8.19+0.13 6.99£1.51 8.43+1.81
C22:0 0.27+0.12 0.31£0.15 0.260.03 0.200.03 0.29+0.12
C24:0 7.07+1.33% 6.41£0.21° 7.97+0.74" 7.35+1.31% 8.76+0.25"
YSFA 33.55+1.48 32.47+0.69 35.68+1.10 33.73£1.30 35.47+2.97
C16:1n-7 3.70+0.88" 3.37+0.29° 2.64+0.66™ 3.36+1.44" 1.68+0.61°
C18:1n-9 23.47+3.60° 27.06%1.40° 19.31+2.94° 25.62+£3.37% 21.13+4.32"
YMUFA 27.17+2.74" 30.44+1.68" 21.95+2.37° 28.98+4.81° 22.8143.73"
C18:2n-6 12.36+2.08 11.00£0.78 11.2142.09 10.01£1.00 10.46+2.35
C18:3n-6 2.34£0.31° 1.87+0.11% 2.44+0.29" 1.40£0.58° 2.08+0.46™
C20:3n-6 4.01£0.33* 3.30£0.26" 4.04£1.05" 3.15£0.93 5.594+2.29"
C20:4n-6 1.2340.84° 0.37+0.38® 0.34+0.23° 0.49+0.35% 0.21+0.04°
Yn-6 PUFA 19.93+2.01° 16.54+1.14" 18.03+£1.27" 15.04£1.23° 18.35+0.68"
C18:3n-3 3.08+0.10 2.82+0.10 2.39£0.79 2.87£1.70 2.65+0.43
C20:3n-3 2.48+1.11° 3.384+0.59" 4.15+0.62° 3.51£1.08" 3.97+0.52%
C20:5n-3 0.19£0.07 0.20+0.07 0.25+0.11 0.22+0.10 0.21+0.03
C22:6n-3 13.60+1.35 14.15+1.68 17.37+0.47 15.39+3.58 16.55+1.90
n-3 PUFA 19.35+0.75 20.55+2.19 24.17+0.6 21.98+5.61 23.3842.17
2
YPUFA 39.28+1.28" 37.10+1.15° 42.20+1.01° 37.03+4.76" 41.72+1.52°
n-3/n-6 YPUFA 0.98+0.13" 1.25+0.21% 1.35+0.12% 1.48+0.45° 1.28+0.17"
#il total 100 100 100 100 100

Lb A 77 Az 2R ) (3 o3 A R AE (B >0.5), I
W2 2R W AR T C16:0 Fl SFA [ ] (P<
0.05), WikG4 W E 45 T MUFA 19 H i (P<0.05),
Y R4 B E R T PUFA 19 HL B (P<0.05), ML
Al C18:1n-9F1 MUFA [ L A1) X6 S 42 i fify 18 28 B
FEA g, Horh 2 2R WA T C18:1n-9
Al MUFA 1) Fe ] (P<0.05). g 2H 41 C18:1n-9
FI MUFA LY A% S5 4 i 7 18 20 B A 32 25
Horp 22 204 B354 T C18:1n-9 F1 MUFA f Eb
] (P<0.05).

K120 3 R4S HIRAR TR I C R, A5
RHIE TR 76 & DT FE N i, A Zad AT IR i
AR (WL B ., rifss), ka5 XES,
R>0, ZNRWiRRTEH L PRSI R<0, ZEWi
MR AELH 2 R e VAT . AN [m] A 320 76 A ) 20
ZuhAs b ST . AR T C22:0. KRG AN
TKTERA R (B THAA ; P44 C18:1n-9

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

YMUFA H, RAEMRTHABL, WM7E PUFA f, R
H e T HAb ., JLA T Cl6:1n-7 F1 C20:5n-3, £F
R RAMTHAL, TRHALH C22:0, Wi
K¢l R{H S T HABY ; C18:3n-6, ZZFHi4H R{H
I FH Al 4 ; C20:5n-3, %45 B4 R (B T H:
fibeH .

WAL 25 H R E 7 e 2 i ) 7 A DG
T IBEE FILIA (P<0.05) (3 9). JHF B ARG
W, SRR ANERAL S H RIS I R 4 I A OG 1
FHAMRA I, H3 8355 T2 200 . Bk
AEERL (P<0.05); AILPAH, 2 B4 FE2H 55 H AR
JIE 7 1R 2L S A R O v T AR R AL B2, H
EE T AR R (P<0.05), [ 7E M
WL . BEWF 3 ANLZL R, 22 2R RTRIRS b 31
215 H KN 77 1R 2 A4 A DG 1 8 30 At b 34
4 (P<0.05). LA LZRWA, FFBEME. WL . BRAG4L
ZURTH AR AR 7 R 4 BT S 2 R
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Tab.7  Effects of dietary carbohydrate types on fatty acid composition in adipose tissue of juvenile O. macrolepis %
il AR A IAL  carbohydrate types
il
items MR EX 2 FKIER ki Y
glucose maltose corn starch dextrin cellulose
C14:0 3.14£0.56 3.29+0.46 3.43+0.58 3.354+0.19 2.90+0.60
C16:0 23.50+1.40 23.41+0.61 20.44+1.10 22.84+4.00 22.84+3.80
C18:0 0.67+0.04 0.59+0.05 0.61+0.11 0.7340.13 0.7+0.21
C22:0 0.15+0.03" 0.15+0.07 0.26+0.03" 0.39+0.11* 0.29+0.09™
C24:0 4.15+0.31 3.21+0.61 3.44+0.82 4.334+0.39 4.57+1.10
> SFA 31.61+2.26 30.65+0.95 28.18+0.69 31.63+3.66 31.30+4.57
Cl16:1n-7 6.29+£0.58 6.64+0.11 6.40+0.15 7.35+0.83 7.37£1.34
C18:1n-9 32.42£1.60™ 36.30+1.58° 34.94+1.86" 32.07+5.87° 27.13£4.81°
>MUFA 38.71£1.02° 42.94+1.47" 41.34+1.99* 39.42+5.04" 34.50+3.48"
C18:2n-6 16.85+0.28% 13.2742.96° 17.76+0.75" 14.48+1.00" 18.20+0.99"
C18:3n-6 2.04+0.04 3.80+3.01 2.32+0.21 3.19+£2.13 2.50+0.52
C20:3n-6 0.60+0.21 0.42+0.11 0.52+0.16 0.47+0.10 0.48+0.25
C20:4n-6 0.53£0.11 0.54+0.27 0.74+0.41 0.69+0.10 0.75+0.05
>n-6 PUFA 20.020.48" 18.03+0.34° 21.33£1.29® 18.84£1.17% 21.934+0.73°
C18:3n-3 2.72+0.18" 2.45+0.39 2.63+0.11° 2.51+0.13" 3.16+0.25°
C20:3n-3 0.67+0.13" 0.49+0.14° 0.71£0.06" 0.94+0.25" 0.59+0.15°
C20:5n-3 0.23+0.04° 0.25+0.09" 0.35+£0.01* 0.43+0.13* 0.33+0.08"
C22:6n-3 6.04+0.56" 5.19+0.61° 5.46+0.92° 6.23+0.85° 8.19+1.17*
Sn-3 PUFA 9.67+0.89™ 8.37+0.47° 9.15+1.01% 10.11£0.46° 12.28£1.19°
YPUFA 29.68+1.37° 26.4110.52° 30.48+2.21° 28.95+1.43% 34.20:£1.40°
n-3/n-6 Y PUFA 0.48+0.03" 0.47+0.03" 0.43+0.03° 0.54+0.03" 0.56+0.06"
&it total 100 100 100 100 100

24 HRFERAULAMABENSHEAREHNE
M3EE e AR AR

7 2N S LT 2 2R A AR TR R A R S
TEER R . WA R EA SR AEA SR
B T HALA 2 (P<0.05), HHWE R A4 £
i Tl R G5 P e e o RIS EORTE M R AT 4
RARRE A& R FORIER . WK 22 280
21 M8 B T A A 4 (P<0.05), {HEEE
WEAH 5 4 2l ) 22 S AN 1 3 (P>0.05), HiAbE . 2
ZEE IR 2EL e ML 1 Pt R v 28 P L I I i o
mTHA 24, ERENAEES THAERA
(P<0.05), )75 W 201G 2% 3 A ] e o 8 s A5 4
2 2 A B Ak (P<0.05). WIRG 20 H- 3 =g & =
THRU, FKRTEM M4 EHRAL (P<0.05), 4%
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R BR L TC B3 25 57 (P>0.05) (3% 10),

25 HARBPEBEAKULEMARBENSZHARaE
MEIERRIFNT

IR AL TG T, 22 24 GSH-Px
WA, WA TR (P<0.05), TR .
A S R OK Y Ry A 5 27 2R R 2T A R A R AT
160 & 25 (P>0.05), CATEX HFMidHRE, T
FE TR B N R (P<0.05), EARIEKH
&AM AR 3% 225 (P>0.05). T-SOD 7E
IR R, B R T AU (P<0.05), M 4
B EORUER . BIRE4LE 22 5 K8 B 3 (P>0.05),
B3 B FH 5 Ta 4R H (P<0.05), F4E X4 MDA
SR B FEETAH (P<0.05), HAKHNIFLE
F 5 (P>0.05) (] 3).
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ARk EYEEN LR e K AL EHBRERSIITSE () REEE (H)

(a) (b) FFIEAL, (o) (d) LI, (e) (D MEWTALZY, (o) (h) AFMEME. WLRIIEITAL: 2B A, AR X B 95% ¥ B A5 X 8], 43 X AN [ 4 415
FES, MERRSETENLE, & KRR EIR AT PC1 A PC2 FIEEL, MR A B .
Fig. 1 Score (left) and load diagram (right) for effect of dietary carbohydrate types on tissues of juvenile O. macrolepis
(a) (b) hepatopancreas, (c) (d) muscle, (e) (f) adipose tissues, (g) (h) hepatopancreas, muscle and adipose tissues; in the left pictures, ellipses correspond
to a confidence interval of 95%, they correspond to different tissues; in the right pictures, vectors represent variables that contributed to the variance, the

arrows indicate how the fatty acids contributed to the formation of PC1 and PC2 and thus the formation of the left pictures.
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Tab. 8 Eigen analysis of the covariance matrix loadings for significant principal components

HH AFIENE  hepatopancreas ALK muscle AeWi42:  adipose tissue

items Factor | Factor2 Factor3 Factor | Factor2 TFactor3 Factor | Factor2 Factor3
C14:0 —0.003 0.060  —0.028 —0.001  —0.059 0.008 —0.011 —0.054 0.063
C16:0 —0.087 0.512 0.003 —0.043  —-0.293 0.462 0.200 —0.435 0.275
C18:0 0.014 -0.005 -0.015 0.148 0.136 0.112 0.009 —-0.002 —-0.010
C22:0 0.000 —0.022 0.028 0.003 0.005 —0.010 0.002 0.006 —0.004
C24:0 0.093 0.024  —-0.100 0.099 0.104 —0.143 0.069 0.032 —-0.107
> SFA 0.017 0.569 —0.112 0.207 —0.107 0.429 0.269 —0.453 0.219
C16:1n-7 —0.077 0.107  —-0.023 -0.075  —0.159 0.199 0.082 —0.081 —-0.021
C18:1n-9 —0.453 -0.367 0.131 —0.504 0.314 —0.223 —0.640 0.065 0.008
YMUFA -0.529 —0.260 0.107 —-0.579 0.155  —0.025 —0.558 —-0.016 —-0.013
C18:2n-6 0.089 —0.197 —0.558 -0.038 -0.369 —0.285 0.075 0.445 0.622
C18:3n-6 0.028 —-0.008  —0.051 0.008 -0.081 -0.113 0.051 -0.197  -0.563
C20:3n-6 0.073 0.003 0.126 0.111 0.025 0.053 —0.006 0.017 0.017
C20:4n-6 0.001  —0.002 0.005 -0.027 —-0.068 —0.011 0.014 0.015 —0.060
>n-6PUFA 0.191 -0.204 —-0.478 0.055 -0.493 —0.356 0.134 0.280 0.016
C18:3n-3 —0.008 -0.070  —0.053 0.008 0.020 —0.198 0.024 0.041 0.054
C20:3n-3 0.060 0.026 0.201 0.077 0.133 0.019 —-0.007 0.013 —0.015
C20:5n-3 0.002 —0.001 0.003 0.003 0.007 0.006 0.000 0.004 —-0.023
C22:6n-3 0.268 —0.060 0.332 0.237 0.305 0.082 0.139 0.132 —0.238
>n-3PUFA 0322 —0.105 0.482 0.325 0.465 —0.091 0.156 0.190 —0.222
Y PUFA 0.512 —0.309 0.004 0.380 —0.028 —0.447 0.290 0.469 —0.205
n-3/n-63 PUFA 0.010  0.000 0.053 0.015 0.061 0.021 0.004 0.003 —-0.011
HFIEH  eigenvalues 467.54 54.27 10.66 57.47 13.49 4.73 48.49 65.44 65.44
TIWA® /% contribution rate 87.27 10.13 1.99 70.62 16.58 5.82 18.80 25.37 90.80
Z1FT#R%/%  cumulative contribution rate 87.27 9740  99.39 70.62 8720  93.01 3.99 5.38 96.19

e SLIEPEI8ANIRMIIRAL S HEAT /)T ; Factor 1. Factor 2fFactor 343 48 2 i 1. 2813; R ME R R AT, 8728 Loy sh AR ok RIFR AL
ATTIE: A REAEE 0.5) AT R R . BUE 1 1E 57070 73 2R IEA DGR R oG .

Notes: a total of 18 fatty acid variables were selected for the analyses; Factor 1, Factor 2, and Factor 3 refer to principal components 1, 2 and 3,
respectively; the values in the table stand for loadings, indicating degree and direction of the relationship of the variables within a principal component;
significant loading values (>0.5) are indicated in bold numbers; the positive and negative values represent positive and negative correlations,
respectively.

3 iR TE AR W T A T 2 52 e Bl K AR R Y
AR, LA R TER, 24

TS, ARRRBOREEIE R RO, 8RR, BV SR
WITH AWM SRR A IR, R TR g sc bt R R TR 4 2 4R KA,
ELHEW, 22 2T SR e B A RE B, RS HAHISCREARA K, X 55X k) (Meg-
TER MO A ELREVE Ry M B VE Ry, TR Y alobrama amblycephala)™ . 7 &} (Paralichthys oli-
filt /N A BRI, — R, EBEVEREL  vaceus)® MIRFIRSE R B, AW, ZEIEREA
XERE A, WA TS A9 3E A AL 238 5 25 42 HREREE, X5HAE (4. transmontanus) X
r EPHERORIE IS B (1-4) BETTERNS D-AHEE 4RI (4. sinensis) 7542 ZEEE0 HARME SR T AR K e
e —RIE Y, T RE2E M ISHAE Pz SR S G ERSTE =R keSS N 3y
LFUERWE, WORREXTHHEATIHAL, MIBEANRUCE 2 SRR R 22 1 R A0 R B S IR Y
PXF T AE R AL A R, A DALF A ARMEVE iR, AR RMERBM &, 22 200> GmE . £k
N ZERE R AL SR PR e Ah, WIORLARAT . B TER . BIRE) >ET4ER, HAEEME . TORWER . W
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Fig.2 R values analysis of the fatty acid profile in tissues of juvenile O. macrolepis

(a) hepatopancreas, (b) muscle, (c) adipose tissues; Sum means "Y." (summation).

=& 2ZER AR (P>0.05).
A S R A s, AR,
X5 1 I B D 48 ER 01 DA — 3. K o4
T KA PRI , 3 BRAE A 2P AL (R
WKy i) MR K& EiE), &
R K 53 22 ZF W40 W AR T 4R 4 R 4 (P>0.05),
MX 5 ZHEAERKMERE DA RMEEMER, I
AR Ak B AE I (Mylopharyngodon piceus)™ . )
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il o AN 2 ORI LR K AL & WIS ]
IRPREF U e B I R OK AL B Y
KUERT s WK™ BOE ALK S Y IR s K
H AR FL A BROK AL S W N B TE Ry, ELBE T
By LT AR T a- R VE R 2, AWFSY
PR IRTE ERVEM AR R IRZ, X RE S S5
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%9 BFERAE. AL, BERR4ELRS BARASEAERLA LAY Pearson FHX R EL

Tab.9 Pearson correlation coefficient of the fatty acid in hepatopancreas, muscle, adipose tissue and diet

e WA A AL carbohydrate types
treatment kAL i EKuEk b (aNi Bt
glucose maltose corn starch dextrin cellulose total
HFHBEAE  hepatopancreas 0.75+0.03"" 0.7+0.02" 0.82+0.05™® 0.69+0.02°" 0.88+0.09" 0.77+0.09¢
WA muscle 0.92+0.01** 0.9+0.02* 0.88+0.01"* 0.89+0.03"* 0.87+0.05° 0.89+0.03°
feWiZ04  adipose tissues 0.94+0.01"™* 0.88+0.01°* 0.92+0.02" 0.89+0.01°* 0.96+0.01° 0.92+0.03"
Rt total 0.87+0.09" 0.83+0.11° 0.88+0.05" 0.82+0.11° 0.90+0.07°
HE1  tissues P<0.001
HAR  dietary P<0.001
HAXHIR  tissuesxdietary P<0.001
i FFTAFRRE PR REREE, P<0.05.
Notes: different capital letters in the same column indicate significant differences, P<0.05.
F* 10 HiRBok b EHAR 3% 80 P & 4@ M EE W IERr R
Tab. 10 Effects of dietary carbohydrate types on serum biochemical indexes of juvenile O. macrolepis
i KL AT carbohydrate types
items HIERE B B/ STy il Lk YN
glucose maltose corn starch dextrin cellulose
YA EEE/(UL)  ALT 99.00+6.00° 118.00+4.00° 90.00+4.58° 104.33+5.51° 118.33+3.06°
BELER/(U/L) AST 233£10.15° 249.67+7.09° 234.67+5.51° 231.33+8.02" 240+4.58"
LR RS /(U/L)  ALP 156.67+11.55° 130+0.00° 123.33+5.77° 126.67+5.77° 140+26.46™
MEAN(YL) TP 55.33+3.06" 47.67+2.31° 50.67+1.53° 49.33+1.15° 49.67+0.58"
HEA/(gL) ALB 21.67+1.53" 18.67+0.58" 19.33+0.58° 18.67+0.58° 18.67+0.58°
BREH/(gL) GLB 33.67+2.08" 29.00+1.73° 31.33+1.15% 30.67+0.58° 31.00+1.00®
FIERLE  A/G 0.65+0.05 0.64+0.02 0.62+0.02 0.61+0.01 0.6+0.04
% F%/(mmol/L) GLU 6.43+0.35" 6.03+£0.25" 7.47£0.21° 7.1740.15° 5.80+0.10°
SALE EE/(mmol/L) TC 8.37+0.42" 8.10+£0.26° 6.90+0.20° 7.97+0.25° 5.77+0.15°
H il =f8/(mmol/L) TG 6.77+0.25" 6.77+0.25° 5.33+0.21° 7.37+0.15° 5.07+0.15°
T % 5 I [E 8% /(mmol/L)  HDL-C 3.97+0.25° 3.9+0.10° 3.240.17° 3.7740.15° 2.67+0.06°
{155 P BH A B%/(mmol/L)  LDL-C 2.93+0.15" 2.60.10° 2.37+0.06° 2.7£0.10° 1.87+0.12°
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Fig. 3 Effects of dietary carbohydrate types on hepatopancreas antioxidant indices of juvenile O. macrolepis

1. glucose, 2. maltose, 3. corn starch, 4. dextrin, 5. cellulose; values with different letters are significantly different (P<0.05).
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Effects of dietary carbohydrate types on growth performance,
body composition and health status of juvenile Onychostoma macrolepis

ZHONG Mingzhi ', ZHU Lingwei', JIHong", WU Wenyi >, GOU Nina "’
(1. Laboratory of Aquaculture Animal Nutrition and Feed, College of Animal Science and Technology,
Northwest Agriculture and Forestry University, Yangling 712100, China;
2. College of Animal Science and Technology, Henan University of Animal Husbandry and Economics, Zhengzhou 450046, China;
3. Shaanxi Animal Research Institute, Xi' an 710000, China)

Abstract: In order to explore the optimal carbohydrate addition types in the dietary of juvenile Onychostoma mac-
rolepis, five diets were prepared with glucose, maltose, dextrin, corn starch and cellulose as carbohydrate sources
and the fish was cultured for 56 days. The results showed that, D) The terminal weight, specific growth rate, feed
coefficient rate and protein efficiency rate were the best in the maltose group (P<0.05), while those in the cellulose
group were the worst (P<0.05). @ The crude fat of whole fish in the cellulose group was the lowest (P<0.05), the
crude ash content was significantly higher than that in the maltose group (P<0.05), the muscle glycogen content in
the maltose and cellulose groups was the lowest (P<0.05), and liver glycogen in the dextrin group was the lowest
(P<0.05). ® Principal component analysis showed that the ratios of C16:0, SFA, MUFA and PUFA had a major
effect on the overall fatty acid ratio of the liver. Among them, the ratios of C16:0 and SFA were significantly
increased in the maltose group (P<0.05), while the ratio of MUFA in the dextrin group (P<0.05), and the ratio of
PUFA in the cellulose group were also significantly increased (P<0.05). The proportions of C18:1n-9 and MUFA
had the main effect on the overall fatty acid composition of muscle and adipose tissues, and the proportions of the
two were significantly increased in the maltose group (P<0.05). @ Glutamic pyruvic transaminase in serum of
maltose and cellulose groups is the highest (P<0.05), while that of aspartate aminotransferase was the highest in
maltose group (P<0.05). Alkaline phosphatase activity and globulin content of glucose and cellulose group were
the highest, while that of blood glucose was the reverse (P<0.05). & The contents of catalase, total superoxide dis-
mutase, glutathione peroxidase in the liver of the maltose group were the highest (P<0.05), while the malondialde-
hyde content in the cellulose group was the highest (P<0.05). In conclusion, maltose was the most suitable carbo-
hydrate source for juvenile O. macrolepis, followed by dextrin and corn starch, and cellulose and glucose were not
the suitable carbohydrate source for the fish; corn starch is recommended as a carbohydrate source in practical pro-

duction, which will provide an important reference for research and development of its specific compound feed.
Key words: Onychostoma macrolepis; growth; body composition; health; maltose
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