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Tab.1 Ingredients and proximate composition of experimental diets (g/kg, air dry basis)

e pugichN 10 kg @ AINAL 20 kg ALINAL 30 kg ALINAL 40 gkg S ALENAL
items control 10 g/kg NaCl 20 g/kg NaCl 30 g/kg NaCl 40 g/kg NaCl
EH  ingredients
iy fish meal 20.0 20.0 20.0 20.0 20.0
GH  soybean meal 180.0 185.0 190.0 195.0 200.0
FAf cottonseed meal 160.0 160.0 160.0 160.0 160.0
3 rapeseed meal 180.0 180.0 180.0 180.0 180.0
K rice bran 100.0 92.5 85.0 71.5 70.0
#kJ%  wheat bran 100.0 92.5 85.0 71.5 70.0
YHr  wheat middling 220.0 219.6 219.2 218.9 218.5
il soybean oil 10.0 10.4 10.8 11.1 11.5
FALHN  sodium chloride 0.0 10.0 20.0 30.0 40.0
AL R TURE  vitamin premix 5.0 5.0 5.0 5.0 5.0
W Pc R TRAES  mineral premix 25.0 25.0 25.0 25.0 25.0
Bt total 1 000.0 1000.0 1.000.0 1.000.0 1.000.0
WIS proximate composition
A crude protein 307.5 307.5 307.3 307.6 307.2
FARWT  crude lipid 27.7 27.8 27.8 27.7 27.7
K5y ash 50.6 59.8 69.0 78.3 87.5
K4+ moisture 89.0 89.3 89.5 89.6 89.8

W a. GPRHEURIE T iR A T, ERNE RS RN 630 gkg, TR 442 g/kg, KRR 500 g/kg, M 377 glkg, IRM 169 g/kg, it
JEKAE 143 g/kg, BRI 151 g/kgs b, 4EAE R TRANmgEIU/KgI AL : VA 10 000 IU, VD; 3000 IU, VE 150 IU, VK;12.17 mg, VB, 20 mg,
VB, 20 mg, VB; 100 mg, VBg22mg, VBj,0.15mg, VC1000mg, EYE 0.6mg, MR8 mg, HEE 500 mg: c. i ic & HRE (mg/keH
BH: M 1.5mg, #50.6mg, 43 mg, % 63mg, B 89mg, 4i11.45mg, 024 mg, 180 mg, WK —&4%520¢g

Notes: a. the ingredients were purchased from the Yuehai Feed company (Zhejiang, China), and the protein contents of ingredients are as follow: fish
meal 630 g/kg, soybean meal 442 g/kg, cottonseed meal 500 g/kg, rapeseed meal 377 g/kg, wheat middling 169 g/kg, rice bran 143 g/kg, wheat bran 151
g/kg; b. vitatim premix (mg or IU/kg diet): VA 10 000 IU, VD5 3 000 IU, VE 150 IU, VK3 12.17 mg, VB 20 mg, VB, 20 mg, VB; 100 mg, VB4 22 mg,
VB, 0.15 mg, VC 1 000 mg, biotin 0.6 mg, folic acid 8 mg, inositol 500 mg; c. mineral premix (mg/kg diet): I 1.5 mg, Co 0.6 mg, Cu 3 mg, Fe 63 mg,
Zn 89 mg, Mn 11.45 mg, Se 0.24 mg, Mg 180 mg, monocalcium phosphate 20 g
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Tab.2 Amino acid composition of the experimental diets (dry matter, g/kg)
RAER payicH:h 10 kg @ AINAL 20 kg ALINAL 30 kg ALINAL 40 gkg S ALENAL
amino acids control 10 g/kg NaCl 20 g/kg NaCl 30 g/kg NaCl 40 g/kg NaCl

AR Thr 9.3 10.6 9.4 9.3 11.0
AR Val 12.1 12.2 11.8 12.4 12.2
AR Met 52.1 542 54.0 51.8 52.1
RER e 133 12.8 12.7 13.1 14.2
AR Leu 21.4 222 21.8 21.4 20.9
RN Phe 19.5 213 20.8 19.4 21.1
R His 122 11.9 10.8 11.5 12.1
AR Lys 16.2 14.5 143 15.4 16.7
R Arg 23.2 24.1 223 24.1 23.5
REZER  Asp 28.4 312 30.4 29.4 31.3
25 R  Ser 13.6 14.1 13.7 12.6 12.7
BEE  Glu 53.2 52.4 53.7 54.3 51.6
H&E Gly 14.7 15.1 13.8 15.0 14.3
WA Ala 13.3 12.8 12.6 13.7 12.4
AR Cys 22 1.7 3.5 1.8 23
&SR Tyr 7.4 8.3 8.5 7.8 7.7
JHER  Pro 12.4 12.6 11.2 11.3 11.7
MEIE TAA 324.5 332.0 3253 3243 327.8

20, WAYRMARINEL ., RS L

ME; H T A8

SHT LA (0.5 cmx0.5 cmx2

VR T R 2 T U R A b S N K U8 5 A T R AT
FRAH 60 do B RIEATIRLIE(07:30, 12:00,
17:00), H $4m 3K R B 19 3.0%~4.0% . HR 45
KA KB ER M7, URRELS
minP JCERTH R L. FRGH SER ], I AR 4>5.0
mg/L, 7Kif25~30°C, pH7.5~8.0, & %A & <02
mg/L, AR £R<0.1 mg/L,

1.3 #HmXE&E

FI LI AR E IR 24 h, GoitEA A
i RBOFRE, THE R FE B (WGR). kR AL
(FCR). HUE R (SR). R MAEREYLI R, Wl
R R E S B, R A R
JHF e RN s B L, TS IR BE (CF) . R L
(VSD). FFA b (HST R i HE(IFR) o DA £ 1) 22
SRS LA (o A B0 55 5 % 2515 B8 485 1 66 25 1 I £ L)
TERA AN, VENL R B AY  UEEEER
iz I 2 R I s SRR AT ML IR 24T &R K )
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Mo BTEAMBAE KN AT em™ 724 1 F ML,
7 BVEAT BUR 3A o BRETI (291 em)PRAF T 81 5E
W(F By, T miEdLOEE
L4 MERIARS %

A KIGAFE M AKIE AR
rate, SR, %) =N,/Ny*x100%

14 5 % (weight gain rate, WGR, %) = (W—W,)/
Wyx100%

Tk 22 54 (feed conversion ratio, FCR)y=W/(W~W,)

JFAA EE (hepatosomatic index, HSI, %)=W,/Wx
100%

AE A4 L (viscerosomatic index, VSI, %)=W,/Wx
100%

71 )1 H (intestinal fat ratio, IFR, %)=W,/Wx100%

J 15 R (survival
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JIE 35 J (condition factor, CF, g/cm’)= W/L*x100
Krf, NAAKBE, NoAPIRRE, WhEK
IR (g), Wo WG IA T & (g), Wkt A kL
H(g), Wy NAFREE(e), WO E(g),
Wikt A IR T E (g), Wb AR B (g), Loyl
&+ (cm).

48 ¥ 5 L P 28 AR, K4y R 105 °C
HE T, ME RS R IR E /AL
(2300 F BhEL G E &AL, FOSS, Sweden), HLASMHI
4 ok H Foleh & fii — H B dh £ 0%, BLUK 43 R M
550 °CLh 3 4 e T Be i

PR RAREILAH B RAEAR  ARE
LR 2 AR H & L8R A 3 4 M A (Sykam S-
433D, Germany)Wll:E . HU70 mgi® ¥k 115 19 1Ak
FES, 6 NERBR (A1 g/LAEB)110 °CK fift 24
ho o aE AT SRR I B, A2 mLid R 7E
55 °C/Kfi# 15 min, 7K 58 MU R A, 0.5 mLK
ff W 2T JE N S mLA BERRR BE, HU1.S mLAE
LWL HT

BEEHLA 40 mg, N 1.2 mL42 PO (FF B -
K=4:1), 513, WKKIBEBFPE 10 min, —20
°CH2h, 4°CES.0>30 min (12 000 r/min), HX I ¥
W, PR e SO T B A (Waters ACQUITY,,
2 ] i o e B AR

& & A8 S I A2 R I A SR FH
IR, T & e e AR B R B 5 BT 4
HE o A 8 i 22 R AE A4 N VR R B
AR S R AR B EH R A
&, R HEAENEEREE D LS s. R
KR e LI o

LR & KA KK, W2 gﬂﬂli‘](WO
T2 1785 min, BUE, WFEmAKD, BH
JEFRE (),

BRI B2 gL (W) T 5 mLE O
B, 3000 r/min5.010 min, B, TR MK
g5, WEMW,).

WK K B2 gL (W) T 20 °Cli A7
4 hEHGE, B, WTREAKS, FREW,).

OB LR R R KR (%) i A
(W =W/ W, x100%

LR AN B em® B SNLA L,
Universal TABU - HrAL (B 8 A R, Lifg,
FE ) HEAT 4% T M 4 M (TPA) (RS R . B . nELigg
PR, B PE) . R 25 mmx25 mmE k5K,

PR 740,049 N, IREE B 1 mm/s, H ARfE
HONIEAS, AR 30, BFEIN2 s, RS
e 2K, BOFH1E .

JU ) Ao B 38 40 4R il 7 WL 41 2L F0
EHR AW R, KRR T ERK . R
AL ) A (7 pm; Leica RM2245, Germany),
ZRAKE— g a5 3, 2 A DS-RiAHAL
Y2 2 33 BE (Nikon 551, Japan)7E 2015 %% WL
WLA SO A4 R, I 557 J7 22K (mm*) Y
MY WLET 480t (AR ), B> il 18 BCS0> 1L BT 35 4 7
BARG, IFHANA 4 TR simEs R
A J5 F Olympus 2% 3B T W4 i i 21 21 45
FIEAI IR

1.5 BUEESH

Sy i A5 B LAY 24 {E 45 1 22 (mean+SD)
FIR, FISPSS 22.048 it {4 k47 BRI R 7 25 4%
1 (One-Way ANOVA), 257 i 3 i#47Duncanft
ZE B, P<0.0SHEFTE.

2 4

21 HEKMEE

FEREWIME], 4% 4] F A SR A 100%., 10£120
g/kg AN N 2H 9 WGRAIFCR 5 X 8 4H 41 L G
L 25 (P>0.05), 30H140 g/kg @ AL AN N £H 1Y
WGRESH FAZH 2 PRI, T FCR L2 415 (P<0.05);
40 g/kg B ALEMGS ML FHST, VSIAIIFRE K, 1
CFHeff; £ EALMR N4 A IFR B 2 = T X} 1R

2, TMCFE ZE KT % B 2H (10 g/kg @ AL AN s in2i
4 4M)(P<0.05)(#3).
2.2 ALALERK

FAHNAAKS  HEA . HLIE PR
EASENA LFEZE%P>0.05), {H20, 30140
g/kgFALERA AL A WL JK 3 B 1 W 355 T 0 AR
ZH(P<0.05)(4).

23 AlARERELR

10120 g/kg S AL 877 2 (4 L A i 8 2
HlR o T H A4S 4 (P<0.05); &AL
WM AR E A AR . REER S =
%% BB 2H (P<0.05)(#5).

24 IAHEESER
5% BALA Ee, A AR s i 2 5 L2 2 2%
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Tab.3 Growth performance of C. idella fed diets with various sodium chloride levels

izl pogicei:l 10 g/kgs R ALANAH 20 g/kg S ALANAH 30 g/kg AL ANAH 40 g/kgHAANA
indices control 10 g/kg NaCl 20 g/kg NaCl 30 g/kg NaCl 40 g/kg NaCl
YighE/g IBW 12.23+0.04 12.26+0.07 12.27+0.07 12.3£0.01 12.27+0.03
&K H/g FBW 50.13+0.53" 48.55+0.42° 48.34+0.51° 46.86+0.73° 46.17+0.59°

WER/% WGR 303.72+11.82° 299.17+5.83" 291.04+13.54* 284.13+7.11° 282.23+18.10°

kL RE FCR 1.63+0.07° 1.65£0.02" 1.65£0.02" 1.71£0.02° 1.70+0.06
RIEHR/% SR 100.00 100.00 100.00 100.00 100.00

A EL/%  HSI 2.21+0.03° 2.21+0.04° 2.26+0.02" 2.28+0.04" 2.36+0.03°
HEfkEL%  VSI 8.19+0.06" 8.35+0.07" 8.44+0.01° 8.34+0.02" 9.17+0.43¢
Walgtt/% IFR 1.61+0.09° 1.80:£0.04° 1.85+0.02° 1.80+0.01° 1.93+0.01°
BB E/(g/em’)  CF 1.91+0.01° 1.89+0.01° 1.82+0.01° 1.81+0.02° 1.77+0.01°

e FATEIR ARG FREFROR E R RE ER(P<0.05), FFE

Notes: values in the same row with different letters are significantly different (P<0.05), the same below

R4 ARPRIMEUCARNESNAEBLOTE EHR, gke)

Tab. 4 Flesh chemical composition of C. idella fed diets with various sodium chloride levels (fresh tissue, g/kg)

Eiztan pagictisl 10 g/kgFALENZH 20 g/kgF AN 30 g/kgFALANLL 40 g/kg T AENLL

indices control 10 g/kg NaCl 20 g/kg NaCl 30 g/kg NaCl 40 g/kg NaCl
7K%Y moisture 780.3x13.6 776.4+26.6 775.2+15.8 782.4421.7 781.3£16.3
HEE  crude protein 192.2+13.8 199.5+6.2 196.1£12.3 194.1+7.8 195.8+10.1
MM crude lipid 12.8+0.7 12.5+0.4 12.4+0.4 12.5+0.8 12.5+0.4
HKSY  crude ash 18.1+0.1° 18.4+0.3" 20.4+0.3° 20.1+1.8° 20.3+0.4°
JREHE  collagen 27.2+0.5 26.8+0.6 27.0+0.8 27.2+0.4 27.1£0.7
JiE W AR (P<0.05), WLLT4E AR W mP<005) 3 Wik

(#6).
25 ALARMFERKD

55 R AR b, £ A0 AR S n 2 0% AL TA) A
JIE R W 25 AR (P<0.05), T UL A 3L 0 [m] 2 4P 4
TG i 2 5 (P>0.05); 10120 g/kg& AL ah s fin2i
f14) WEL W 4 5 6 4 TG d 3 25 5% (P>0.05),  Tii 30
40 g/kg S L0 B TS I 2H 1 MELVE-M4: o 250 X R4 (<
0.05); 25 F LA I NN ZE IR | B0k
TK RNV R 2 K R (910 g/kg AL AR 78 20 )4 ot
HE 2 £5 I 2 1A i (P<0.05)(2 7)o
2.6 BpiERLNE

30140 g/kg S8 Ak G4 US40 1 % e B A
JE 55 0T HR AT AH L T 2 BRI (P<0.05), HiAax241 5 Xf
HEZHAH LT B 3 22 5 (P>0.05); AL ndl iy
L2 R B (. 2 i T X IR 4(P<0.05)(£ 8)
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Tab.S Muscle free amino acid composition of C. idella fed diets with various sodium chloride levels (fresh tissue, mg/100 g)

AR payiizeach 10 g/kgs AN H 20 g/kgF AN 30 g/kg AL A4 40 g/kg WAL

amino acids control 10 g/kg Nacl 20 g/kg Nacl 30 g/kg Nacl 40 g/kg Nacl
TR Thr 7.32+0.45° 6.40+0.79° 7.61+0.78° 7.03+0.77° 6.04+0.67°
AR Val 2.10+£0.27° 2.58+0.79" 0.94+0.49" 2.63+0.56" 2.37+0.88"
FAE  Met 0.47+0.01° 0.47+0.02° 0.43+0.01° 0.43+0.01° 0.40+0.01°
RER e 1.2240.03 1.24+0.04 1.22+0.02 1.22+0.02 1.25+0.04
FER  Leu 1.39+0.01 1.40+0.01 1.38+0.02 1.38+0.01 1.39+0.02
RNER  Phe 6.03£0.22 6.32+0.19 6.25+0.13 6.19£0.15 6.09+0.07
&R His 17.59+1.52 18.60+1.72 20.13+2.13 18.72+2.21 17.39+1.68
WER Lys 21.18+2.58 22.38+1.2 21.76+2.72 23.58+1.56 24.16+1.04
FER  Arg 3.13£0.34° 6.13+£0.22° 5.89£0.29° 2.99+0.15° 2.96+0.48"
BER Trp 3.00+£0.33 3.15+0.22 2.83+0.09 2.99+0.34 2.94+0.48
REZER  Asp 0.57+0.02° 0.410.03° 0.2120.02¢ 0.27+0.02° 0.23+0.02°
25 R  Ser 4.23+0.09* 3.63+0.10° 4.43+0.14° 3.82+0.13° 4.12+0.20°
BEE  Glu 3.06+0.39° 2.96+0.26° 1.74+0.13° 1.56£0.03" 1.63£0.08"
BEWNE  Gln 4.23+0.34° 3.45+0.13° 3.44+0.41° 2.52+0.13¢ 2.98+0.20°
FHER  Cys 0.65+0.05° 0.46+0.02° 0.62+0.04° 0.3120.02¢ 0.45+0.03°
& Pro 6.92+1.64° 8.01+1.39° 7.06+0.28" 7.95+1.30° 3.37+1.08°
REWENE  Asn 0.04+0.01 0.03+0.01 0.03+0.01 0.03+0.01 0.04+0.01

MEIHER TAA 113.82+2.49° 118.27+1.60°

117.67+1.15° 112.56+2.53" 105.36+2.38°

Fo EMFRIMBUMMERYAEZEMEZHZM

Tab. 6 Muscle fibre density and diameter of C. idella fed diets with various sodium chloride levels

TiH pagice:l 10 g/kg @AM 20 g/kgFALBNAL 30 gkg@ AL 40 g/kgEALANA

items control 10 g/kg NaCl 20 g/kg NaCl 30 g/kg NaCl 40 g/kg NaCl
WLAF 4% % /(FR/mm?)  muscle fiber density 123.5+3.3 107.6+4.5" 73.5+4.1¢ 64.8+3.7° 75.9+3.5¢
W4 H 4 /um  muscle fiber diameter 51.241.4° 62.142.5" 81.3+2.4° 79.3+1.0° 72.743.8¢

g/kg B Eh, HIE RN T 7% 16 K7
fR) ) R H kb FE 80 1120 g/kgf JCHLER , Hikh R
B EEREAR, R R B,

ARSI A A R AR AR N 10 A1 20 g/kg A AL AN,
Xof £ 3 R RVEDR R B A B, (R
SALEN S B IR B3040 g/kgls, BT R
REAR, TR R B e (R3) . Salman™ Ak,
AR K e R, v] BEE T H X A
B ESREAWMBEN, JFHTSEENE
b S b B A T AR GE ) HOR S e fa A 6
TR R R, ASC g, 45 40 RHR
Fr A B AENR KV, BORFEAE X 37 2 07 B

EH . sl S B R R PERE T B9 I N
] RE S DR O B W e v A i R, s
e I iE R A 5

0 2 1 i 18 2 A0 PR SR FRAIBCE IR ) Y
W, S5 E PR B T R A A
Je R AN AT RS R MY, XN R AT AR
G, WiE AR AE AR, MUK SRR RE T
B, T RIR IS m R R TS IR
o 3 ) S IR A, AT RE 2 MY 0 A AE T W
0 0 AU AR R B, 301140 g/kg 58 AL 4
VS N 2EL 1) 1 98T v BE N B RE 5 X HEZH A L 3
AR, A fes s, i BE LR B 3% W&,
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Tab.7 Flesh texture characteristics and water-holding capacity of C. idella fed diets with various sodium chloride levels

iH payiea:h 10 g/kgE AN 20 g/kgTALEA 30 gkgS a4l 40 g/kg S ALANA
items control 10 g/kg NaCl 20 g/kg NaCl 30 g/kg NaCl 40 g/kg NaCl
/N hardness 3.67+0.21° 2.77+0.24° 2.71£0.24° 2.27+0.25° 2.48+0.16°
PP springiness 0.62+0.05 0.63+0.04 0.63+0.02 0.59+0.02 0.61£0.03
mE Y resilience 1.74+0.09 1.69+0.04 1.67+0.08 1.65+0.07 1.70+0.07
MHIE M chewiness 153.95+9.74° 146.71+4.61° 144.27+5.22° 93.85+6.95" 99.48+5.97°
FEIIKZE /%  steaming loss 15.35+1.62° 18.69+1.94° 18.5442.45° 18.76+1.8° 19.47+2.24°
B RIKZ /% centrifuge loss 13.63+1.18" 15.56+1.62° 17.43+1.24° 19.01+2.52¢ 19.63+2.31¢
AURIKH /% thawing loss 11.4742.11° 10.95+1.71° 13.92+1.49° 14.13+1.56" 14.23+1.74
8 ERFFIMEUNTEEFEHL NN
Tab. 8 Intestinal structure of C. idella fed diets with various sodium chloride levels
TiH pogice:l 10 g/kg@ALANAL 20 gkg@AbBNAL 30 gikgGAbBNA] 40 g/kg AL AN4L
items control 10 g/kg NaCl 20 g/kg NaCl 30 g/kg NaCl 40 g/kg NaCl
ZEHE/um  villus height 973.6£15.9" 941.7£12.1° 969.3£5.6° 586.3+8.6" 368.4£16.9°
BT /um  villus width 60.2+1.7° 62.7+2.8" 60.3+2.4° 48.2+3.6° 45.1+4.4°
WUZIEFZ/um  muscular thickness 189.1+8.8° 235.5+12.5° 221.5+2.5° 218.3+5.6° 224.3+9.8°
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Effects of dietary sodium chloride on growth and muscle quality of
Ctenopharyngodon idella

JIDong **, WANG Pu', CHENG Zhuo', LI Xiaoqin "*’, LENG Xiangjun ">

(1. National Demonstration Center for Experimental Fisheries Science Education,
Shanghai Ocean University, Shanghai 201306, China;
2. Centre for Research on Environmental Ecology and Fish Nutrition (CREEFN), Ministry of Agriculture and Rural Affairs,
Shanghai Ocean University, Shanghai 201306, China;
3. Shanghai Collaborative Innovation Centre for Aquatic Animal Genetics and Breeding,
Shanghai Ocean University, Shanghai 201306, China)

Abstract: To investigate the effects of adding sodium chloride (NaCl) to diets on the growth performance and
flesh quality of Ctenopharyngodon idella, five diets were prepared with NaCl addition at 0 (control diet), 10, 20,
30, 40 g/kg and fed to C. idella with an initial body weight of (12.26+0.03) g. After 60 days of feeding, 10 and 20
g/kg NaCl groups showed the similar growth to the control, while 30 and 40 g/kg NaCl groups had lower weight
gain and higher feed conversion ratio than the control. No significant differences were observed in flesh proximate
composition except ash among all the groups, and the ash content increased with the increasing NaCl level. The
water-holding capacity was significantly decreased by the supplementation of NaCl except in thawing loss of 10
g/kg NaCl group. The addition of 10 and 20 g/kg NaCl increased the total free amino acids contents, but the
supplementation of 20, 30, 40 g/kg NaCl significantly decreased the contents of free Glu and Asp in flesh. Dietary
NaCl decreased the flesh hardness and the supplementation of 30 and 40 g/kg NaCl decreased the flesh chewiness,
but there was no significant difference in elasticity and resilience among all the groups. In intestinal histology, the
villus height and the villus width of 30 and 40 g/kg NaCl groups were significantly lower than those of the control,
and the supplementation of NaCl significantly increased the muscular thickness. In conclusion, the
supplementation of NaCl (10-40 g/kg) in diet did not improve the growth performance and flesh quality of C.
idella.
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