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4. TN AR AE YR A IR AT, 7R M 511483)

WE: Ao RARFEB AT Be 4o A KHEE. KR R I E LA AL a2,
1 FE w4 R o 4 B hm O (X B 41). 700, 1400, 2 100 Fz 2 800 mg/kg By A 1L JE A%, B 4
AR5 45 RS R e LI AA R (B AR S22 B A O 2 369.57. 2716.90. 2 993.49. 3 443.60
13 799.05 mg/kg), 47l RATE A& A (20.00£0.10) g By A1 R4y & S6d. R IR,
L Hef By B B (WGR) Fnig € £ K £ (SGR) M A H &+ @ Em A I EW & E E LA
Ba A, ERMMEN 2100mgkg AN AM LB RAE, EEHTHRA; AHFHR
A @A RE BB X 52 B By A7 vE E (SR). PR EL (HSD). JEfA L (VSI) #o JE3% & (CF) T & % %
"o % A BE AR A & 3k B 2 100 mg/kg 1R R R LA b BE, E AR P An T B R AR B A E
PERT B4, MhTat B4, %m1400~2 800 mg/kg 4 v AE 7% 41 #h £ (K ofn 3% o % 4 4,
688 41 (T-AOC). 78 A b4 3% L. B (SOD) 7 M fnit F b 288 (CAT) MR F#R G, fMiFT
7 Z 8 (MDA) #y 4 & 8 F W (K; A5 im & & 2 100 mg/kg 47 4 41 & 4 ifn 7% 7% 1 B
(LZM) #n 4 2 4% @ 8 (AST) Wig o Al A B R R E & /E, ESHBAZREF. AR
U, AHYEEAWMALERTEERG A B Y EKER. BERFERELSE
B EGAMNE o BN Bor, kOB 4 &R &4 Z DR fn & 5 2 008.50 ~
2 398.16 mg/kg (17 %+ FE 7% 4B 4 3 432.09~3 530.23 mg/kg).
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SR FBE 1 s W S AR T Y TR
DA RELG T MR, B S A I TG 1
JEHPUHE AR T RS, K, 280 5B
P MR A BE T A2 L TE i AR KRR bkl
= HaAH 2 5 808 6 (Monopterus albus)™ Fl i 1 #7
(Acipenser transmontanus)™ A K52 BH . WHIEHLAE
FRREF) 2R RS 51 & BE 5 B (Ietalurus
punctatus)™ F 5 A (Ctenopharyngodon idella) g
A B AT . 175 A i D7 A IR o

IR, TEH BB 1 (Schizopygopsis
younghusbandi)™ TR 0.2% A9 S AL GRGE !
HiEHE AR, RS (4. sinensis) K} b
U5 370 mg/kg SRR RE b 2 B P4 e R 5K
FHHEEHER, FE AR (Epinephelus coioides)™
4B B (KN 7.5 @) FAN1 562.82 mg/kg fIH
B AE 5 i G E R, i HAE K AR BT
87.5 g MMV A2 986.54 mg/kg AHGH &R T fff L3 i %
WERT . T, AR} IR Y R oK A
TE— 7 AN ] B2 A= B B R S 2k

K IO BES (Micropterus salmoides) &L FJ A
aBEad, g 20 e 80 FRMNEEGIHKE S
C &k R i Fe IR K FRFE A £ Az —, 2019
AEFRIE R F R AR = i T A F] 47.8 1 (1, BEE K
F1 RSP R A i PR K e, A S TR T PR 0k i e
e E L BRI R SR SRR KA Y Y
it 52 ML DA ik e A= R AN 4R R L
AR D YRR B TR A HGE, X
TR B ) FR T SR A A ST HGE

ABIE5E LS ACHR G R sk, R0k b TR B
B AR R AR g A DR TR
GN% S E R AT WAL AL NS Y R R
B R RE R R LB

1 MESTHE

1.1 LI R AARECH

Pifaky . FOREAR . SR BN IRY 2
AR R, S AV AR il A R DR, T R
Tkl . AR AR A A I 0 (W REZH ). 700
1 400, 2 100 F1 2 800 mg/kg HY & 1k B B (4l fF
50%, WL K oK = kR A BR A A, il
B S A A SRR RRE, A AR IR ST T R
AR RFREEIN 5 5308 2 369.57 . 2716.90.
2993.49 . 3 443.60 13 799.05 mg/kg fAKl, SZEH
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B BB SRR IR 1,

SEI R RIE . KA TR OB S i
80 Hfi, BT LLBNREGHIA)E, FInA MR
AV B IR EITIR G5, 218 A BT e
BT 20%~30% MK G FRRIRST, (A ik
HLH RS 3 mm ., K 5 mm AOBCRLIREDRE, FRH:
HETI5 B 40 T 120 °CrkARE & HI .

1.2 ZAeEFREEIE

SCU FH 0 W A5 5 FE K R TR I 1A H
S ) P WA 1 PR £ g SRR . BB SE S
02 24 h YUERAL IS, Bk falt SR A4 5 2 A 30T 1Y)
AMESEATFRE 5504 (S AR AL, REA-Ab 3
HIANEE), MR 15 AMFEF (1 mx1 mx
1 m), A MFEBFERI LR R BTG (20.00+0.10) g
SE A 20 BB SEI0 AR IR W g4, &
KARME 2 Yk (08: 00 Fl 16: 00), 256 1 7] R B [ 9K
JEHR, K (27£3) °C, BAWE AR T 0.15 mg/L,
pH N 7.2+0.2, AN[EWr 7, %% A 7E 7.0 mg/L
DL, S5 S5 IERESE 56 d

1.3 #HmWEMSH

ol & FRHHSLINAE R, IR fhss 24 h
PRIE, gt M AR 0E, BHM
FEREDLHI 10 At , A3 i I A o £ AvA K Il
SREE, FEEAT MO R AR AL U R A L
1 mL 55 & AR, 4 °C THFE 4h )58
> (4 000 r/min, 10 min, 4 °C), FHF WAL UM
T-80 °C vKFEIRAE, HH T 13 A= Ak S BE P A o
1 000 5 P I AR RO, R PSR
FE AT EE , IFRET—80 °C fR-AF LA 4150504 o
Jy BN 75 i UL 10 g T80 °C vkAf LR A7,
L NS s TR < 2E 8 IS B (= U A = W R

TG R (survival rate, SR, %) =N,/Nyx100%

34 H % (weight gain rate, WGR, %) = (W
W) Wyx100%

K (specific growth rate, SGR, %/d)=
(I~ W) tx100%

Tkl 25 (feed conversion ratio, FCR)=Wy/(W~
o)

JFARLE (hepatosomatic index, HSI, %)=,/Wx
100%

JIEAARLE (viscerosomatic index, VSI, %)=W,/Wx
100%

JE 35 (condition factor, CF, g/em®)= W/L’x
100
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F1 ERARNERREFAMR (THR)
Tab.1 Ingredients and proximate nutrient compositions of experimental diets (dry)

FAPRL i S IE R N &/ (mg/kg)
Wi H dietary choline chloride supplementations
items

0 (XFHEZE) 700 1 400 2100 2800

JE#}/% ingredients'

) fish meal 2 42 2 42 42
WKy wheat gluten meal 3 3 3 3 3

Wi T spray dried blood powder 4 4 4 4 4
¥ shrimp meal 5 5 5 5 5
KI#EH  fermented soybean meal 9 9 9 9 9
EKEEW  corn gluten meal 11 11 11 11 11
7  squid paste 2 2 2 2 2
P RER)  beer yeast 2 2 2 2 2
a-JER  o-starch 8 8 8 8 8
Tl soybean oil 4 4 4 4 4
KEBEAEM  soybean lecithin 2.5 2.5 2.5 2.5 2.5
Yk FIRADFRIER)  V-mix® 1 1 1 1 1
FYRAY  M-mix’ 1 1 1 1 1
ZHEMATH Cn0; 0.5 0.5 0.5 0.5 0.5
iR — A5 Ca(H,PO,), 1 1 1 1 1
AR zeolite 4 3.93 3.86 3.79 3.72
FALARGR  choline chloride 0 0.07 0.14 0.21 0.28
&it total 100 100 100 100 100

EIRARL proximate nutrient composition

JIHB#/(mg/kg)  choline 2369.57 2716.90 2993.49 3 443.60 3799.05

HAREWI/%  crude lipid 9.86+0.01 9.970.07 10.02+0.05 9.87+0.10 9.8120.03
HEA/%  crude protein 50.71£0.16 50.72+0.31 50.91+0.35 50.40+0.16 50.72+0.44
JK43/%  moisture 4.1240.12 4.14£0.05 4.01%0.17 4.15+0.08 4.06£0.07
HK5¥% ash 15.70£0.03 15.59£0.06 15.64=0.10 15.38+0.05 15.500.05

A L AARHERH LR OR BOK PR R A PR A F S it s Herpfoby . ¥ Boky . Mok, B, R SRR EOK R D RLER 50 &0 oA
67.44%. 76.56%- 45.99%. 61.72%. 51.62%F163.01%; 2. 4L RTREIE A T M TEERAED R G R AR, H AT wiak&H (me/keld
RhH4EAE A 10 000 IU, 4E4HEB, 30, 4E4E%B, 60, 4E4E R C 800, #HMRMLEZEE 20, 44 ZB), 0.1, AWE 2.5, 44EHED; 2000 1U, 44HKE
160 U, FZERE 40, MR 10, WLEE 100, fHER 200, ZERES 1005 3. W FURKE AS T ikl & (e/keldkl) FeCqHs0,-5H,0 0.181,
MgSO,-7H,0 1.09, KH,PO,40.932, NaH,PO,-2H,0 0.432, AICl;-6H,0 0.051, ZnCl, 0.08, CuSO, 5H,0 0.063, MnSO,-H,0 0.031, KI0.028,
CoCl, 6H,0 0.006, NaSeO;-3H,0 0.000 8

Notes:1. Ingredients were purchased from Zhejiang Xinxin Tianen Aquatic Feed Co., Ltd., and crude protein levels of fish meal, wheat gluten meal, spray
dried blood powder, shrimp meal, fermented soybean meal and corn gluten meal was 67.44%, 76.56%, 45.99%, 61.72%, 51.62% and 63.01%,
respectively. 2. V-mix were purchased from Guangzhou Haicheng Stall Food Co., Ltd., contains (mg/kg of diet): VA 10 000 IU, VB, 30, VB, 60, VC
800, pyridoxine HCI 20, VB, 0.1, biotin 2.5, VD5 2 000 IU, VE 160 IU, menadione 40, folic acid 10, inositol 100, niacin 200, calcium pantothenate 100;
3. mineral mix (g/kg diet) contains FeC¢H;0,-5H,0 0.181, MgSO,-7H,0 1.09, KH,PO, 0.932, NaH,PO,-2H,0 0.432, AICl;-6H,0 0.051, ZnCl, 0.08,
CuS0,-5H,0 0.063, MnSO,4-H,0 0.031, KI 0.028, CoCl,6H,0 0.006, NaSeO5-3H,0 0.000 8
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Kb, NN MZRRBE, Ny MR, W,
RERETT R (2), Wo AVIIRIRTTE (g), ¢ M5k
B REL (), W MR (g), Wy, MAOFEE
(2), W, HfNEE (g), WHMIKEE (g), LN
fa k& (cm).

A A Fm EARLL R F HLE Fe oo ) 5
SR ARRE AL PR RN A AL R 1 0 R A BILIG
AENE (GB/T 6432—2018); JK 43 1] 550 °C
b A (GB/T 6438—2007), FLAGIG &
iR - RS P s ARDEERTVL PR K 43
K H 105 °C fEiR TEEE (GB/T 5009.3—2003);
JEEIK 73R FH—46 °C E.25 % Uk TH#% (TP-FD-1 ¥
RTIRAL), VR URTR 72h 2IEE,

Tk e R S B A Dk R TR R A g
ESHEICEREOEED: (GB/T 5413.20—2013)"",
FREGE BAE 5 (A8 5~50 mg IHAK), B T 250 mL
BE IR T, nA 50 mL & 48 AL - - — 41
FHBEER IO, St faghite, s, SRR
MU E T (74+2) °C fHIEAB PR 4 h, BUEE
H, RERGTIEE 100 mL B EIRT, AR5 EEE
REZIRE; WH S mL BRI 6% H: (gh 2 5
fE ) o, (RO SR B A G A A
Sefa 5. 10 mL BRI s AE, AR B At (o
JEFESE, IMA 20 mL ZERFFER, A SmL FEH
ORI RN (U ERAD ), FRE AN sk R e 4
Wi fs, KRR E R RS 5 M 1k
FH A B E A 21 €20 ) IR 7 28 v ek, SR T 10
mL 7RI, AP EZ, 7F 526 nm J K 4b
e o E R . 4% IR R AR 38, F 1 mg/mL
PR A 7 Y0 225 il o o T £

d A AAIEAT  MUIERESAAE 4 °C FREA)S
KRB RS EY TR AR &, et H)
A UL I E N B (MDA), A H B (LZM), M
JH[EEE (T-CHO) &% & . S PEBERR AT (AKP), M4
LW fL i (SOD)., i A LAl (CAT) itk . &
LA RE 1 (T-AOC) . & N 5% =l (ALT) i M
A L (AST) 167k
1.4 HIRENIE

S 75 B S B R ME DR (meantSE) 7,
iR H] SPSS22.0 A AT BRI 2 )5 225347 (One-
Way ANOVA), KM Duncan [RiEi 172 8
Ko, P<0.05 FRZE7 8 R REH5>

Bk, 143K 100 B i 4 £ o4 ) v EL R 1) e
TR
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2 4R

2.1 AR B SRS BRI E

SR FH R ERER 20016 0 B o ot A ek v IR 55 i 20
FrisE , DI A R AR 0 IR AR v i, LA
W b R o R A AR, WOBAE (B4 526 nm)
YRz RIRE LR (B 1) I % 2H 5296 ) )
(9 REAR 2 43 91 °h 2 369.57. 2 716.90. 2 993.49.
3 443.60 £ 3 799.05 mg/kg Tkl

0.07 ¢
0.06 t
0.05
0.04 t
0.03 t
0.02 t
0.01
0 " " " " " »
0 2 4 6 8 10 12
NEAR A B S 3 & i /mg
choline tartrate contents

Bl 1 BER S ENERELZ

Fig. 1 Standard curve for determination of choline

=0.004 3x+0.013 5
R=0.999

e
absorbance

content in samples

22 EARFRMENERXOEBFHEEK
M RERIFZ I

B DR SEAR MBS I i A 4, S
WGR Fll SGR 2 e T+ J5 B fa#h . 76 ARG fin
1O 2 100 mg/kg 4, 52551 WGR 1 SGR 1A #|
KH B E T B4 (P<0.05); a1 S AL HE B
4 VS I Al I 3 5 e S 4 £6 /9 FCR, WS i 76
1400 1 2 100 mg/kgH ) FCR ‘g 2 ik T X BE 41 Al
700 mg/kg 41 (P<0.05); Tkl o G Ak REA 4 s o
XFSCG Y SR, VSI Al HSI TG . 3% 52 i (P>0.05)
(#2).

2.3 ARHIRMEAREREX K OB & AR
FORTBE AR 53 B9 R M)

KT PR iy £ JIL PR B A kB A ek LR R
B i 1) v R SRR SR T R, AR IR AR R N
oW 2 100 mg/kg AN NG & B AL, HE
FAR T 6 R4 1 700 mg/kg FAEHA (P<0.05); fRlkt
S I ST R R P 4% S 6 2 e A L RHEL 28 P
0 T AR (P<0.05); Ak b &1k A bR
I B4 A8 A S 6 LI HR K S R 43 TG
HLZE R (P>0.05)(35 3).

F R E K 43 FORLER (9 55 7 2 Bl 2 T A op
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F2 EARRRMEAREREX K OELEE KRR
Tab. 2 Effect of dietary choline suppermentations on growth performances of juvenile M. salmoides
TR S IE R N &/ (mg/kg)

Fﬁ H dietary choline chloride supplementations

ttems 0 (X HRE) 700 1400 2100 2 800
TFE%/% SR 91.67+7.64 95.00+5.00 98.3342.89 95.0045.00 95.00+5.00
WIRA T R/g  IBW 20+0.11 20+0.08 20+0.13 200. 07 20+0.14
ZRIEfE/g FBW 77.67+2.78° 84.63+1.63° 86.91+0.83% 93.71+2.52° 85.39+2.44°

WEK/% WGR
FeEEKHE/% SGR
Tk #=%0% FCR
WEAAEL/% VST
JFFARLE/%  HST
JE#E/(g/em’)  CF

288.33+13.88°
2.56+0.12°
0.86+0.09°
8.24+0.10
3.09+0.11
2.02+0.01

323.1248.13°
2.72+0.06°
0.85+0.04
8.02+0.26
3.00+0.18
2.07+0.01

334.54+4.15"
2.77+0.03"
0.75+0.04°
8.02+0.18
2.71£0.10
2.08+0.06

368.54+12.62°
2.91+0.09*
0.75+0.02°
7.95+0.13
2.98+0.07
2.09+0.05

326.98+12.19°
2.74+0.09°
0.83+0.04™
7.97+0.18
3.09+0.15
2.13+0.03

W A —ATEUE AR E AR R 2 R B3 (P<0.05); T A

Notes: Values in the same row with different superscripts are significant different (P<0.05); the same below

PR RR SRS I 3 e 1T E T rgE, Hdok
o3 O AR S AR S i 4 1400, 2 100 F1 2 800
mg/kg 4153 5 T XIRAL (P<0.05), HLEE AR & i
TE S AL REBE A N & 2 100 F1 2 800 mg/kg2H i %
i 70 RZH (P<0.05), HARAH Z B 100 i 3% 2
5 (P>0.05); g D B o Bl AR b S AR IR AR A
It 4 S e RIS B T g2, FEEINGEL N 2 100
mg/kg 2 ik B E AL, H B #F K F X B4 A 700
mg/kg ZH (P<0.05); At} S AL AR A hin 2t (1 A2 4k
Xof A AR FIE R 435 TG SR (P>0.05) (3 3).

24 ARSI X O R e84 & %
& LA R R EE M R RN

Wit ARV SR RS IR A e, SedR

I3 MDA & e 5 T 28, SULIRm R
T A 1 400~2 800 mg/kg fA R, 4% SE G 4
MDA 54 1 K T XF B4 (P<0.05), H7E2 100
mg/kg TR F . LV CAT I P Bl & 1R
H G PR A 7R in 8 A 34 it T, 244Dk S A
FE BB % 0 4R 21 400 mg/kg K UL b, SEERfA
CAT %M 3% EF (P<0.05), I3 SOD W41 T-
AOC Btz ke o & AR RR s o () 4 v 2 e T e
BT PN, ARG gl iiiE SOD i
PERI T-AOC ¥ 18 2 5 T X5 R4 (P<0.05), HEW
HE o 2 100 mg/kg G R4 ik Bl KA (% 4), fa
& T-CHO % # Al LZM 1 P4 B 1w ek 520k JIF B 7
RN TS T g i AR, SR IRER TR
T 2 100 mg/kg T kHH f A M v T-CHO # &t

R=3 ARGRMELERIT K O R e & KR 2 HIR 0

Tab. 3 Effect of dietary choline supplementations on muscular and liver compositions of juvenile M. salmoides %
) ARk SR R B N & /(mg/kg)

iH dietary choline chloride supplementations

ftem 0 (VAR ) 700 1400 2100 2800
WA muscle
/K4 moisture 77.38+0.28 76.20+0.16 77.78+0.82 76.86+0.26 77.77+0.11
K4 ash 1.48+0.07 1.46+0.04 1.36+0.02 1.474+0.01 1.36+0.01
SR total lipid 2.43+0.33° 1.77£0.07° 1.45+0.04% 1.04£0.52° 1.42+0.27%
FIZE MR crude protein 18.71+0.61° 19.50+0.81° 19.42+0.30° 19.5940.07" 19.43+0.02°
R liver
/K% moisture 72.54+0.22° 73.57+0.31* 74.49+0.66" 74.87+0.26" 74.79+0.03"
K4y ash 1.47+0.03 1.44+0.05 1.49+0.10 1.474+0.07 1.44+0.21
SIEN total lipid 2.52+0.04° 2.21£0.36" 1.93+0.04 1.55+0.12° 1.67+0.26°
HIZEFE  crude protein 10.210.11° 11.01£0.09" 11.9940.16™ 12.5340.08" 12.7740.12°
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23 JE, A R ISR O R ) £ A R

PRI RN B AL RE (9 52 1) 229

FV P TS R Y B, B T B LR 700
mg/kg AL (P<0.05) (3% 4). fafk Il iE AKP
AST it 5 e Ak v G4k IELBBAS ot 1) - v 1 B0 56
JERET ML, FAIBFRES R 1400 F12100
mg/kg B4 A LT AKP 35 P 5 25 A% T % Bd 2

sz 700 mg/kg FBHH (P<0.05); AST iGiPETE
UNINEE A 2 100 mg/kg fAk 2 2L X RR A (P<
0.05), FAth & 41 =z (8] G o 3 Pk 22 5 (P>0.05);
ALT {5 P B 2 Tk v S IS ot 1) - v G
FAAk (P>0.05) (3 4).

R4 ERBIRMEABRRR A O ELELh & ME 4 LRI RN

Tab.4 Effects of dietary choline supplementations on serum biochemical indicators of juvenile M. salmoides

ik AL IR RS N 2/ (mg/kg)

_Iﬁ H dietary choline chloride supplementations

tems 0 (AR ZH) 700 1 400 2100 2 800
P % /(mmol/L) MDA 21.73+2.37° 17.92+1.13® 15.36+1.18" 12.28+0.23° 13.93+1.46>
AL ES/(U/mL)  SOD 59.71£1.41¢ 71.91+1.79° 82.61+1.90™ 84.07+0.85" 80.91+1.80°
HEMER/(U/mL) CAT 4.81+0.12° 5.05+0.09" 6.10£0.36" 6.25+0.18" 5.90+0.21°
BPUEMRES/(UmML) T-AOC 0.19+0.08° 0.21+0.10° 0.28+0.13° 0.29+0.13° 0.25+0.09"
JHEEE/(mmol/L)  T-CHO 5.07+0.17° 5.86+0.14° 6.23+0.23® 7.03£0.13° 6.95+0.48%
WHE M/ (ng/mL) LZM 5.70+0.24° 6.32+0.12" 6.56+0.10" 7.47+0.25° 6.79+0.21%
T RREE/(U/L)  AKP 69.52+1.63" 62.53+3.14® 52.08+1.72° 52.0542.10° 58.87+2.07%
B FEEM/(U/L)  ALT 78.30+4.31 77.14+3.64 74.22+1.50 69.40+1.03 71.16+1.80
BHEEER/(U/L) AST 169.65+24.06" 130.13:24.89® 126.71+£18.75® 99.91+2.86" 106.72+12.60™

2.5 [EYISH

R 101 R Ay £ R AR KRR X TR R A A
JELBR AR o £ A ARDR AR BRIl U5 A B, A5 2R
N NI -8 ) R RE el NN L IR SR A B S S E
WIS 2 112,50 mg/kg, Rk AR B B A & &l
3 434.73 mg/kg (& 2).

R B B g fa LRSI G B i . RS AR
15 B AILYE T-CHO 7 243 JA X TR ek s AL iR
B /AR B B A IR A T, S5 AR O, KH
Fe Aty o et v S AR RS 0 22 43514 2 008.50

3.5
3=0.000 2x+2.575 0

y y=—0.000 2x+3.420 0

R*=1

>
o

0
o

x=2112.50

v

e K R%
specific growth rate
[\
(9]

»

1.5

Tk SR IR BRI I 2/ (mg/kg)

dietary choline chloride supplementations

(@

0 500 1000150020002 5003 0003 500

2 138.41 F1 2 144.67 mg/kg, BIiapk} b fE B & & 2
A 3443.71, 3464.19 13 432.09 mg/kg B, fafk
JULPA R 155 e A i, LS T-CHO & fiemi o
e, MNBRIDE AR A B2 R 1 PR gt fR) kL 54k
HEBR ) B AR R I M (2 097.19+74.87) mg/kg, etk
Tk JE B8 T SR R (3 446.66+16.25) mg/kg (mean+
SD) (4 3).

WK 0 SR &) £ 1l i MDA 5 hE . LZM i
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Fig.2 Regression analysis of dietary choline chloride supplementation (a) and dietary choline content (b) with

specific growth rate of juvenile M. salmoides
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Fig. 3 Regression analysis of dietary choline chloride supplementations and dietary choline content with

lipid metabolic parameters of juvenile M. salmoides

(a) dietary choline chloride supplementations-muscular lipid content; (b) dietary choline content- muscular lipid content; (c) dietary choline chloride sup-

plementations-liver lipid content; (d) dietary choline content- liver lipid content; (e) dietary choline chloride supplementations-serum total cholesterol

content; (f) dietary choline content- serum total cholesterol content
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Fig. 4 Regression analysis of dietary choline chloride supplementations and dietary choline contents with

serum biochemical indicators of juvenile M. salmoides

(a) dietary choline chloride supplementations-serum malondialdehyde content; (b) dietary choline content- serum malondialdehyde content; (c) dietary

choline chloride supplementations-serum lysozyme activity; (d) dietary choline content- serum lysozyme activity; (¢) dietary choline chloride supple-

mentations-serum aspartate aminotransferase activity; (f) dietary choline content- serum aspartate aminotransferase activity
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Effect of dietary choline level on growth performance, body composition and
serum antioxidant activity of juvenile largemouth bass (Micropterus salmoides)

ZHOU Yue', WANG Weilong >, LI Songlin "**, LU Hongyu ',
ZHANG Song*, CHEN Naisong "**, HUANG Xuxiong ">

(1. Centre for Research on Environmental Ecology and Fish Nutrition (CREEFN) of the Ministry of Agriculture
and Rural Affairs, Shanghai Ocean University, Shanghai 201306, China;
2. Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China;
3. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China;
4. Guangzhou Nutriera Biotechnology Co., Ltd. Guangzhou 511483, China)

Abstract: An experiment was conducted to investigate the effects of dietary choline content on growth perform-
ance, body composition, and serum antioxidant activity of juvenile largemouth bass, Micropterus salmoides.
Graded choline chloride levels of 0 (control group), 700, 1 400, 2 100 and 2 800 mg/kg were supplemented to
basal diet to formulate five isonitrogen and isoenergy practical diets containing choline of 2 369.57, 2 716.90,
2 993.49, 3 443.60 and 3 799.05 mg/kg, respectively. Each diet was randomly assigned to triplicate cages of 20
fish with an initial average weight of (20.00+0.10) g for 56 days. The results showed that the weight gain rate
(WGR) and specific growth rate (SGR) of the fish first increased and then decreased with the increase of dietary
choline chloride, and reached the maximum when the dietary supplementation was 2 100 mg/kg, which were signi-
ficantly higher than those of the control group. The survival rate (SR), hepatopancreas somatic index (HSI), vis-
cera somatic index (VSI), and condition factor (CF) of the fish were not significantly affected by dietary choline
chloride supplementation. When the dietary choline chloride supplementation reached 2 100 mg/kg or above, the
lipid contents in muscle and liver of the fish were significantly decreased than those in control. Compared with the
control group, the total antioxidant capacity, superoxide dismutase and catalase activities were significantly
increased and the content of malondialdehyde in serum was significantly decreased in the groups which were sup-
plemented with 1 400, 2 100 and 2 800 mg/kg choline chloride. The maximum of lysozyme activity and minimum
of aspartate aminotransferase activity appeared in the group treated with dietary choline chloride of 2 100 mg/kg,
which were significantly different from those of the control group. All these results indicated that the suitable diet-
ary choline chloride supplementation could significantly improve growth performance, reduce liver fat content, and
enhance the serum's antioxidant capacity. Regression analysis showed that the recommended amount of choline
chloride in the practical diet of juvenile largemouth bass was 2 008.50-2 398.16 mg/kg (the dietary choline content
was 3 432.09-3 530.23 mg/kg).

Key words: Micropterus salmoides; choline content; growth performance; lipid content; antioxidant capacity;
lysozyme activity
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