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INT LA ERFNLA R KR, I B EH#SEY &
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Ky EFRME-
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AR BRI A ML R T2 SR, DRHIR T S i S
KR ER B A A R B SR R IR T 1 R
241 o A SCRR B o

Je & & 4f £ (Oreochromis niloticus) & 3% [F #
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s, ARLEE 0, 8 A1 16 3 3 AN EREREE,
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x1 LW
Formulation of the experimental diets %

Tab. 1

AR

WiH items

FFARTARL  middle fat diet

= RTEL  high fat diet

F&}  ingredients

f%®HH  casein

W gelatin

Tl soybean oil

ToKUER  corn starch

e KRR vitamin premix’
TR FHERE  mineral premix®
R YER CMC
4E#E  cellulose

SALHRBL  choline chloride
2,6- AT HE-4-HELORH)  BHT
77 phagostimulant

BB 445 Ca(H,POy),
HIRSHRR  proximate composition
TP dry matter

KM crude protein

HHAEWT  crude lipid

HAKSy  crude ash

32 32
8 8
6 12
30 30
1.2 1.2
1.2 1.2
3 3
16.97 10.97
0.5 0.5
0.03 0.03
0.1 0.1
1 1
92.45 92.51
35.89 35.79
5.95 11.8
5.25 5.19

VE: L 4R RTR RN (mg/kg): EAEFRA 172.0, 4E4E KD, 12.5, 44 2KE 2 500.0, 484 %K, 5 000.0, 4E4E 3B, 5 000.0, 442 %B, 5 000.0, 44 B,
5000.0, 4E42 3B, 5.0, ULAE 25 000.0, iZ 2 10 000.0, JHFH 100 000.0, MHEE 2 500.0, HFE& 1 000.0, HEHE 250.0, 443 C 10 000.0. 2. § ) B Tl
Khg/ke): TREREE 147.4, SALAN 49.8, H A FERR L 10.9, BREREE 3.12, TRERHW 0.62, MULHR 0.16, E b4l 0.08, HHEEL 0.06, TWARE4N 0.02

Notes: 1. vitamin mixture(mg/kg): vitamin A 172.0, vitamin D; 12.5, vitamin E 2 500.0, vitaminK3 5 000.0, vitamin B; 5 000.0, vitamin B, 5 000.0,
vitaminBg4 5 000.0, vitamin B, 5.0, inositol 25 000.0, pantothenic acid 10 000.0, choline 100 000.0, niacin 2 500.0, folic acid 1 000.0, biotin 250.0,
vitamin C 10 000.0. 2. mineral mixture (g/kg): MgSO, -7H,0 147.4, NaCl 49.8, Fe(IT) gluconate 10.9, ZnSO,4 7H,0 3.12, CuSO, -5H,0 0.62, KI 0.16,

CoCl,-6H,0 0.08, (NH,), M0, 0.06, Na,SeO; 0.02

Z 5 S BR R A LR I % B B, 8 A I 3
R R R, B . ARSI . BRI LL . BRI
FRE R LI 3T

B R (survival rate, SR, %)=(N,/Ny)x100%

T &} 2 %4 (feed conversation ratio, FCR)=W;/
(W=Wy)

T 3% J& (condition factor,
100

CF, g/em’)=W/L’x

4K 72 kb (carcass ratio, CR,
W) | Wx100%

AEMAREY (viscerosomaticindex, VSI, %)=W./Wx
100%

JFHA L (hepatosomatic index, HSI, %)=W,/Wx
100%

IEHR L (mesenteric fatindex, MFI, %)=W,/Wx

Vo)W W W
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100%

FERAER (meatyield, MY, %)=(W~Wq—W—W,—
W) Wx100%
b, N RAREE, NoNVITREE, W B
ANk (), W, WARKTE (2), Wo MWL
i (g), W ohfalRii (g), L MR K (cm),
Wy Nt SKTE (g), W NBERE (g), W, NNk
H(g), W, NEITIEE (g), W, N MIEE RN =
(8), W, NHLHHE (g),

JHEE DL B LR 48 rb b D LR DA R H
TH =R AF AR Ao 1Y YR F e o R
TR ST AR 7 B A DGR e, AR —
\EALUSIMA 9 A # K, ST
K, FARPRAE RN G UL AT s v
)4y B 2 g . A TN A B s U&JI[U]@‘?@
Hovh =R L LR A IE [ Y At FH AR R
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G, BAERRSIE T 6 ANEE .,
14 BAOURBERSH

T HLA AL AT 69 W) 2 BEAN kb B2 B S
Zeft, RGBT —20 °C kAR AL 4 t0 8004347 o
240 DL R WLIRLE A 34T 7K 43R FH 105 °C
T, HEE PR YL E A (FOSS Kjeltec 8200),
JRAY R 550 °C Yokepk Bt e, HARHER A& i—
Rk, UL B2 BIE R AR MEE AOAC(1995),

BABRSEMNEMBEESBALSEMNE
WAELT A 6 NIRRT IR &, B b3
H3ANEE, KR 20 mg BE 5 G B R 6K
i, B 5 mL ¥ EE R 6 mol/L #Y h iR
F120 pL R, I 78 70 A RS T R K i O
M, KA 105 °C MRS R K fi# 24 he B HIE
TiJE, Bl mL KRR 2 E T, AT,
JTA 1 mL 0.02 mol/L £ R ¥%5 f#% , 12 000 r/min &
> 15 min, HU 700 pL FYEWERE E DAY, &
YA IS T H ~7 L-8900 %28 JL /% [ 3 20 Bl

JUL PR R 19 v = 5w R 1Y 3 B 2 IR Lin
LW (2 E AT (TLC) . FHED —F ik 42
I 14 20 mg WLIRLER 7 R 5 ke 22 32 )2 Al
I (200 mmx200 mm), PURABEIERZR [ LBRH
fi : SEAmE &7 IR 0.25%KC1(25 ¢ 25 : 25 ¢
10 : 9, V/VIVIVIV)] &2 100 min, 50 °C HEAF 1
30 min, B EH M =MRIEARER [ 7Ok
Rk : 2% (80 : 25 : 1.5, V/VIV)] B2 160min, 50°C
KEFE T4 20 min, YL 20 min )5, FEZEEN
038 H AL B KH-3000 ) 43 B fE 25 40 %,
JUL PR H e = R A AR 9 & iR s o mg/g LA,
AL EA M 6 N ER

FKA G EAMEEN T VF 22 SCHk
KB D RKBRRIAWRAKT, AL
B0 R K FR 25 R R 2 % DAt
SER RN, AP 6 N E A

B RIKR . BB EB AL () £ 5
LDEH, 4°C, 2000 r/min 0> 30 min, W+ L
AR TR AT JEFRE (W) MBS LR AR (Y%o)=(Wy—
W)/ Wex100%.

FEEWIF ., BUREaEHRAN (7)) 25
DE T, LA L —ESILSECA 75 °C
KU K 10 min, W% LA 2 1K 43 5 AR
B (Ws). MIZEB IR (%) =(W,—W3) Wyx100%.

1.5 pHME
2 7% Pastoriza %" SCIG Ty ik, B E Y £
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A A B CE R, IMASIASEN X
BTOK, ST, HF#E SI-3F AlpH
TR WL A 2 3 8 b i pH, BRI 40 B 4H A 6 4
EEO

1.6 HIES

fdi FH| SPSS 19(SPSS Inc., Chicago, IL) 4k {37
178K % J7 223 B (One-Way ANOVA), 45 3% 1]
- {8 47 e 1% (meanSE) 7% o [a] — Fft i bl %
T, AR B = A ) 25 5 H Turkey #5965 [
P b BN, O [RGB R PR 2 ) ) 25 S o
K. MABMmAEHRHERRZE, FHiET
MR 2R K 56 h B2 R AR A 7 2K T ) 1Y 32 B AR
., W% SR P<0.05, Wi E % RiE
;g P<0.01,

2 4R

21 KFBESHEMERSENRETEL
SR N: A

PR AR T, iR P P IR
LR R R RS L AR 1A HE 3 e T I
AAEEh 4 (8 1-a, l-e, 1-h, P<0.05), 7%
BEREBC MBI AR H R R H ) AR
HAe 248 1-c, 1-d, 1-f, 1-g, P<0.05); {H&
R ERE TR P IEAMIERE ., HiAls
AR LG (B 1-d, 1-f, 1-g, P<0.05). 7F 55k
MR, SREMT SR ERIK T RS P A
ZORMR TR . UG R . KT L RUIR A L (] 1-a,
1-b, 1-e, 1-h, P<0.05), {HTF}& T ikl &%k, B
Wi S HEA L (8 1-c, 1-d, 1-f, P<0.05),

EWROKFEE T, S isim et 4, =ik
T Ak 5 R B S R i T e B A Y 2OR IR i
FHE G 5 & & (] 1-a, 1-h, P<0.05), 7k
AU, mIRWE AR T B Ak iy s %
EREAL, MR B E TS (8 1-b, 1-f, P<0.05).
R ERMAT, SHIgEEA ML, S i5HE
R R B % A 1 s R B AL (] 1-b,  P<0.05).

MR R Ty 2200 o (B 1), BRI KF (Py)
WELW T RE P AR AN A RETR . UG R,
JREAA HE FTIR A HE (P1<0.05), R IE K (P,) B &Y
Wi L 448 bR (Py<0.05), 2 R Z 1958 B AE
(P3) W52 T e B B HE M LR i . s
B AR RBIER L (P3<0.05), DL F 45 B
N, PR R R B Je B Ak A e b R A%
PR AR B A K s T R AR R T Y
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POKFRFE T, S IRERHAEM L, &g

RN T A R R LR A =

B & B (8 2-b, 2-f, 2-g, P<0.05), [a]mf i 2%

iR 7 B EE . KRR EE & (8 2-a, 2-

c, 2-d, P<0.05), FErhEREEAKMAEA, 5 gtk
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P<0.05), 4w 1 HIERLRR & & (& 2-f, P<0.05),
FER R KR, IR TR R T A K Sy
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P=0 P,=0.013
3 P,=0.007 P,=0.002 P,=0.148 3 P,=0.118 P,=0.010 P;=0.134
» 1 ** | A 4 :
% I 1 _g L
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25 ® 2
H o ==l N
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2 &
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X L EES |
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S &
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g
[}
gm E
=505 a )
[}
L li
0 " "
1 2

(h)

1 KFERESARNERSEMNETFTEREKNTNE

Lo iRkl 2. R AEVNS FREROR IR ERHER N, 3RO E KRB IE B R E E R ARRS F R R @R ERHRR T,

3 FPASF) EE BE R IR T S 2 2 s, [ B K ER B TR N AN R MG U B e R R A 2 ] 2E R B 3 (P<0.05); e A BR BEK IR IRAE T
AT g M7 2 i R B MR A 2 ) 2 R B 3 (P<0.01); Po. SRERIZR TS ZE A T4 R, Py BB eb IR 07 5 i s RS, Py, K PR v E X
BRGNPy I 7 AN R A 52 AR RN B IS, 35 P<0.05 NI B, R R

Fig. 1 Effects of water salinity and dietary fat content on growth of O. niloticus

1. medium fat diet, 2. high fat diet; different lowercase letters indicate that the significant difference between three salinity levels in medium fat diet
group; different capital letters indicate that the significant difference between three salinity levels in high fat diet group; *. the significant difference
between different diet group at same salinity level (P<0.05); **. the highly significant difference between different diet group at same salinity level

(P<0.01); Py. the result of One-Way ANOVA, P,. the effect of dietary fat content on data; P,. the effect of salinity on data; P;. effect of the interac-

tion between fat content and salinity on the data,“P<0.05” mean the significant difference, the same below

T AR oy RS R & & (B 2-c, 2-e, P<0.05).

XUH 2 J7 22 0 o (K1 2), BRI AKSFE (Py)
S 5% K 43 A1 ) T A 48 bR (P1<0.05),  #h B OK T
(Py) W R A A K oy IR . R BRI
I =R (P,<0.05), B AKSE R R AR D5 2 5 58
HAEH (Py) B E Rt Big . K. HFEER
JFJUE 3 = R A0 5 (P3<0.05), DL &5 oK,
TEAS R e RL B W & e AR IR ERE T, e B PR
o 5 AT N () 8 AR A =0 L3 AN [R]85 5= 0 I
FITTRL. FEP IR, 5 AL 2 4~ ER B Ak
FRAIAI L, MR E B E R T R P P A
g AR, JF B R BT IR IR &
JEEHE R T, Je B AR AE T I s £k e
At 2 S SOWE AT 7 AR R, R R R
JEF R, AR IEFLER 3 .
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23 KERESHERERSEXNMEBELE

¥R 52

PR ARHEIR T, P b B RS T e
% 5 R A 10 FLER i AR R WS M (] 3-b,
3-e, P<0.05), &1k ak# {2 B % Ak £ i
FLER . Hh =Fa & & B & T (Bl 3-a, 3-b, 3-c,
P<0.05). = BERHEETS, SXIA, ik
s R AL FAE 2 B W A i bE 3 T (] 3-a,
P<0.05), JfH &bl e & 2k i fy i i FLER &
R BRGSO B TR (B 3-b, 3-e,
P<0.05),

TEMROKFRIASRAETS , S ismea L, &
JIg ) 2 R e B R I IR R
(#l 3-c, P<0.05); 7EH#RIEET, Srhiainki
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Fig. 2 Effects of water salinity and dietary fat content on body composition of O. niloticus
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Fig. 3 Effects of water salinity and dietary fat content on serum biochemistry of O. niloticus
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Fxem T WLRLSAE DT . K R & i (P,<0.05),
2 RN R AL AR (P3) F M T LA S A
BT, SR FLER AR & it (P3<0.05). HILL L
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Fig. 4 Effects of water salinity and dietary fat content on nutrient deposition of O. niloticus muscle
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Tab. 2 Effects of salinity on amino acid composition in muscle of O. niloticus
fed with the experimental diets (wet weight) mg/g
SR IR medium fat diet FEGAEL  high fat diet
g
amino acid xof ik [E xof B BRI B

control middle salinity high salinity control middle salinity high salinity
REAE  Asp™ 19.79+0.24% 20.89+0.23" 19.19+0.39° 20.41+£0.23*® 19.35+0.34% 20.93+0.13*"
HER  Thr 8.56+0.09" 9.04+0.11° 8.29+0.16° 8.85+0.09"" 8.46+0.10™ 9.24+0.10*
25 R Ser 7.58+0.10" 8.05+0.10° 7.46+0.14° 7.94+0.06" 7.54+0.07¢ 8.32+0.04""
BE]R Glu” 28.72+0.34™ 30.73+0.35" 27.35+0.51° 29.88+0.33*° 28.46+0.38% 30.58+0.33*
HEm Gy 10.87+0.22 11.89+0.26 11.8240.25 11.44+0.13" 11.01£0.01* 14.14£0.31
HNEBK Al® 11.92+0.08 12.7140.18 12.514+0.32 12.43+0.16" 11.88+0.06" 13.68+0.08"
FREER  Cys 0.86+0.18 1.24+0.18 0.9120.06 1.40+0.05 1.05+0.21 1.020.05
AR Val 9.48+0.14® 9.98+0.13° 9.07+0.17° 9.76+0.07° 9.380.09" 10.11+0.07*"
FHBR Met 4.91+0.15 5.03£0.16 4.51+0.09 5.12+0.09 4.67+0.25 4.95+0.07"
FREEARE e 8.910.13" 9.34%0.09° 8.47+0.17° 9.16+0.08*" 8.75+0.14™ 9.42+0.08*"
HER  Leu 15.54+£0.21" 16.38+0.19° 14.73+£0.28° 16.03+0.18"" 15.27+0.26™ 16.50+£0.13*
FE R Tyr 6.31£0.08" 6.67£0.07° 5.99+0.12° 6.53+0.06" 6.21£0.07"" 6.76x0.07""
KN Phe' 8.25+0.11% 8.65+0.11° 7.85+0.15 8.48+0.11"" 8.05+0.19™ 8.67+0.05""
AR Lys 18.18+0.22% 19.1240.22° 17.42+0.37° 18.7+0.24*" 17.83+0.32% 19.14+0.15*"
HEAM His’ 5.87+0.12 5.71£0.15 5.45+0.18 5.49+0.11° 5.39+0.02° 5.92+0.03*
R Arg’ 11.285+0.09™ 11.91£0.19° 10.82+0.13° 11.64+0.05" 11.13£0.05 12.12£0.12%
DAA“ 71.30.500.86° 76.224+0.99" 70.87+1.28° 74.16£1.15"° 70.69+1.32% 79.32+0.0.57"
FAA' 78.87+0.96° 84.28+1.09" 78.33+1.42" 82.10+0.72° 78.24+0.83 87.64+0.37%
EAA’ 73.82+0.93" 77.54£0.87" 70.34+1.28° 76.1£0.75" 72.42+1 .34 78.04+0.48"
HEAA" 17.15£0.074™ 17.62+0.34° 16.27+0.29° 17.13+0.15" 16.52+0.05¢" 18.03+0.13*
TAA 177.012.11% 187.3442.25° 171.8443.0° 183.26+1.59° 174.44+2 50" 191.49+0.87*
EAA/TAA 0.42+0.00° 0.41+0.00" 0.4120.00° 0.42+0.00" 0.42+0.00" 0.4120.00®

: DAAS BEREIEER, FAA'. EWREILER, EAA'. UFRZEILER, HEAA" LU TEILER, TAA. BEER, FH

Notes: DAA”. delicious amino acid, FAA". flavor amino acid, EAA". essential amino acid, HEAA®. semi-essential amino acid, TAA. total amino

acids, the same below

*3 WNEARSHER

Tab.3 Two-Way Analysis of variance results

R R T E T WUH R TT Z 5
One-Way ANOVA Two-Way ANOVA
2R B EVE(PH) JIg 7 5 FE(F) ELJE(S) JIg 7+ Bk 1
amino acid significance (P value) fat content (F) salinity (S) F*S
P F P, F P, F Py
DAA 0 7.442 0.018 3.916 0.049 33.063 0
FAA 0 7.73 0.017 3.592 0.06 32.782 0
EAA 0.001 4.041 0.067 0416 0.669 21.28 0
HEAA 0 1.724 0.214 0.097 0.908 25.619 0
TAA 0 6.022 0.030 0.251 0.782 28.614 0
EAA/TAA 0.001 0.679 0.426 23.269 0 1.066 0.375
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Fig.5 Effects of water salinity and dietary fat content on flesh quality of O. niloticus muscle
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Influences of water salinity and dietary fat content on growth, nutrient
composition and fillet quality of Nile tilapia (Oreochromis niloticus)

LU Hongbo, ZHANG Zhiyong, ZHANG Meiling, CHEN Ligiao, DU Zhenyu", QIAO Fang”

(Lab of Aquaculture Nutrition and Environmental Health, College of Life Sciences,
East China Normal University, Shanghai 200241, China)

Abstract: In order to study the combined effects of water salinity and dietary fat content on the growth, fillet nutri-
ent composition and quality of Nile tilapia (Oreochromis niloticus), we designed the following experiment. Three
different salinities (0, 8, 16) were set to raise O. niloticus [initial weight (5.0+£0.2) g]. And in each salinity-group,
O. niloticus was fed with two lipid-content diets, medium and high lipid diet respectively (MFD, 6% and HFD,
12%). After 8 weeks of breeding, the fish were sampled, and the growth, serum biochemical parameters, muscle
nutritional composition and fillet quality related parameters were assayed. The results showed that, among MFD
groups, the fish in medium salinity group (salinity 8) showed the highest final weight (FW), carcass ratio (CR),
mesenteric fat index (MFI) and contents of total protein, amino acids and lactate in the muscle, but decreased feed
conversation ratio (FCR), viscerosomatic index (VSI), hepatosomatic index (HSI) and pH of muscle, compared
with the control group (salinity 0) and high salinity group (salinity 16). And compared with the control group and
middle salinity group, the fish in MFD-high salinity group showed increased FCR, condition factor (CF), VSI,
HSI, whole fish lipid, hepatic triglyceride (TG) and serum glucose, lactate, TG and glutamic oxaloacetic transam-
inase (GOT), but reduced whole fish moisture, muscle moisture, whole fish ash, meat yield (MY) and centrifugal
water loss. In HFD group, with the increase of salinity, FW, survival rate and MFI were gradually decreased, and
FCR, VSI, HIS and CF were increased. In HFD group, the fish in medium salinity group showed reduced muscle
total protein and amino acid content. HFD-high salinity cultured fish showed increased whole fish ash, hepatic TG,
serum glucose, GOT, muscle total protein, muscle TG and PL content, and decreased whole body lipid, hepatic
glycogen, MY, centrifugal water loss, pH. However, either in freshwater or saltwater, the fish fed with HFD
showed higher fat accumulation and muscle lactic acid content, but lower survival rate and MY, compared with
MFD. Particularly in saltwater, the HFD fed fish showed significantly higher fat accumulation and muscle lactic
acid content, but lower survival rate, FCR and MY. These results showed that suitable salinity (e.g. 8) of aquacul-
ture water environment can improve the growth and flesh quality of O. niloticus, but the combination of HFD and

high water salinity had negative effect on growth and flesh quality of O. niloticus.
Key words: Oreochromis niloticus; salinity; dietary lipid content; growth; nutritional composition; flesh quality
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