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1.3 HmXRE

SLIG AN, W L2405, RHEEAS IR )
FBIATRREM R, TP EER, fFedkR
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Tab. 1 Formulation and chemical composition of the experi-
mental diets

PR Diet fiHFO SEAFIMCO KAl PaO K iSO
J5EHngredients
JBi e F By
Defatted fishmeal' 50 50 50 50
T iSoybean meal 10 10 10 10
WOl 12 12 12 12
FKiEH Corn starch 9 9 9 9
BGVER a-starch 9 9 9 9
YL R TR
Vitamin premix’ 0.39 0.39 0.39 0.39
B BR Y
Mineral premix3 3 3 3 3
V=i o .
FAALNEFCholine
chloride 0.11 0.11 0.11 0.11
Fr k77 Antioxidant’ 0,02 0.02 0.02 0.02
S | 1 1 1
Sodium alginate
R gR
Carboxymethyl 2 2 2 2
cellulose
= AL ZHECr,04 1 1 1 1
4 #KCellulose 148 148 1.48 1.48
k.27 40 i Chemical
composition (% of dry
matter)

7K 4 Moisture 1143 11.30 11.70 11.50
##E H Crude protein  46.93  47.03 46.60 47.10
FRiCrude lipid 1127 11.37 12.1 11.87
K5y Ash 9.63 9.57 9.60 9.53

Vi OB SR R AR, 3 100% 2, B 06 i
475542 I g Fishmeal was defatted by 100% ether;” 454 & FVR Y
Vitamin premix (mg/kg or IU/kg diet): VA 8000 IU, VE 70 mg,
VB, 18 mg, VB, 35 mg, VB¢ 18 mg, calcium pantothenate 60 mg,
niacin 200 mg, biotin 2.5 mg, VB, 0.6 mg, folic acid 6 mg,
inositol 1000 mg, VC 500 mg, VD5 2000 IU, VK 7 mg;’ 45 i
VR Mineral premix (g/kg diet): Ca (PO,H,),-H,0 30, CaCOs 6.5,
KCl 2.5, NaCl 4, MnSO,-H,0 0.2, FeSO,-7H,0 1.5, MgSO, 4.6,
KI0.02, CuSO, SH0 0.05, ZnSO4 TH,0 0.2, CoS0,-7H,0 0.05,
Na,SeO0; 0.218x107, Aly(SO,);- 18H,0 1x107, starch 0.37;" 2,6-
T FE-4-FFE IR 2, 6-Di-tert-butyl-4-methylphenol
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7o THAE105°CHEARHE 218 B, 8 2k H ik
5E 5 R AR A L IRE BOENE ; MR R H &R IR
FERVEI E 5 2K 43 7E550°C By A I rh A8 53, it 2k
HIEWGE .

A5 5 B& 53+ Jig 197 1% 73 Hr Z I Bligh #
Dyer"” V{175 BT, 4R J5 K FH A 25 UM (Sep-
Pak Silica Cartridges; Waters Corp. Milford, MA)%
PR A I, RIS A . SRR AT
S I 107 R 2E 1 43 H >R F SOMH € 1% (A gilent Tech-
nologies Inc., SantaClara, California, USA; column:
OmegawaxTM320)Z: H Teshima25™ 111 77 1247

MEBEEUREXENE s H =8
(TG). BHFEE(TC). % g & [ N E i
(HDL). 1% 5 ii 2 (9 IH [ B (LDL), I ik

<2 SCIGIRRIBE AT ERLE AR (% B AR BAER)

Tab. 2 The fatty acid composition of experimental diets (% of
total fatty acids)

G Wil Fatty acid fiHFO SEFMCO AEAEHPaO KEHSO

14:0 3.1 0.9 1.4 2.6
16:0 18.4 12.5 35.8 15.1
17:0 1.4 14 25 15
18:0 0.8 2.1 0.9 13

ISFA' 23.7 16.9 40.6 20.5
16:1n-7 45 3.5 7.9 24
18:1n-9 164 278 31.8 6.5
18:1n-7 24 3.9 24 12

20:1n-11 1.1 1.6 0.8 0.2

20:1n-9 27 0.9 1.1 0.7
22:1n-11 1.9 0.8 0.3 0.3
IMUFA’ 29 38.5 443 113
18:2n-6 176 318 9.6 52.8
20:2n-6 1.6 0.8 0.4 0.8
20:4n-6 3.8 0.9 0.5 1
% n-6 23 335 10.5 54.6
18:3n-3 1.1 5.8 0.2 7.9
20:4n-3 13 0.2 0.3 0.5
20:5n-3 8.9 1.1 12 1
22:5n-3 15 0.2 0.1 0.1
22:6n-3 9.6 0.9 1 1.6
T n-3 224 8.2 28 1.1

VE: 'SFA, MU BiR; TMUFA, BORHLAN SR, “LC-
PUFA, K52 AMEME TR

Note: ISFA, Saturated fatty acids; ZMUFA, Monounsaturated
fatty acid B R FIE i #%; 'LC-PUFA, Long chain polyun-
saturated fatty acid

Al (CAT). @A AW E AR (SOD). N %
(MDA). % bt H kL AL Y B (G Px) AT 1 45
(ROS) & & H1R FH Bl @ A= 5 R A 5 il )
EIE. HHPES WAR &+, TBARSHH
FN 52 AR Burk 25 ) 7 VAT

EERIE SRNAF HTakara A & 1Y
RNAiso Plusijfl| £ (Takara Co. Ltd, Tokyo Japan)if
ATHEE . $E U RNARE 5 347 Bt IR 6 1 PR VK
R, WLEE LUK 550, K B AT IE N I28S . 18SAHI
5S4 IMRNATENanodrop 20003179 ¥ 2260 nm
F1280 nm WO B ALE FIART I, I 1H 5 Ap60/Ap50
H. HIETE1.9—2.02 8], ETE130 ng/uLbL
FIRNA N, F| FH Takara A @] [FJPrimeScript™ 11
1st Strand cDNA Synthesis Kiti® 7] & 128171 4 5%
Bio FEPCRAL AT B sk OB, 26 AF 02 37°C
15min, 85°C 5so S N4 R R 1 e 545 2 [fIcDNA
MaREShs, T-20CLRAF4 .

S 2% 6 € B PCR (qPCR) & Fll 5 o E 1R 5|
YRS WU R R R R AR K P (1 77 . qPCRAT T
FISYBR Green I fluorescence kitiijfl| {5 (Bio-Rad,
Hercules, CA, USA)7EMini Opticon real-time detect-
or /3 K M{X (BIO-RAD, Hercules, CA USA)_F i
1To RBIAR R BMAKRFAH20 pL, 443E: 10 uL SYBR"
Green Real-time PCR Master Mix, 5 pL cDNAHR,
2 uL3I ¥ E R 51 Y41 uL, ¥ E 410 mmol/L)Al
3 uL H,0. 3103 3. qPCRIZM &4 H: 95°C il
B HE30s; 95°C Ss, 57°C 30s, 72°C 30s, 3404
o BANRMNEINEE . EqPCRAOHT 21, X
XF G REAT R, DR IE A 5% B DR IR 4 3 AR A 1E
100%75 47 o MRS FRIE KPR 2 I IRt AT 5
(Livak and Schmittgen 2001). <S5 % B B-actinfk
NN BER], AR 25 S 4 4 ik e JH U o Y 2R 2 7K
PRI R EEE R
1.5 HUESHh

WERWG). FFELEKESGR). AR
(FR) TARIR(FE) RIH AR HSD 1% T 51~ 2\
T

3 ERRAEEPCREFRIESY
Tab. 3 Specific primers for PCR used in the real-time fluorescent
quantitation experiments

H 2k Gk
Target gene Primers (5'—3")
FAS ACCGCCAAGCTCAGTGTGC
CAGGCCCCAAAGGAGTAGC
ACCI AGTTGGTTCATGCGCGTGTG
CCCGTCCGTGTTTGCAGATG
FAD GACAAACAGCCTGTAGAGTATGGCAT

CAGCAGAAGAAGCGAAGGTAGAAAG
AGACATCAAGGAGAAGCTGTG
TCCAGACGGAGTATTTAC

B-Actin
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WG (%) =100 x (W, — W) /W,

SGR (%/d) = 100 x (In W, — In W) /t

FR (%KEE /d) = 100 x FI/ [t x (W, + W) /2]
FE (%) = 100 x (W, — W) /FI

HSI (%) =100 x Wy /W

ERARF W, (W, (g)75 B R LK 25
IRANSLIG T UG i ARV E, W (g)FRan T IE 5,
CRSEEREL, FI () N TV TR &=

N 4 o #cf4 Statistica 6.0 4T Gt b . S2
B 2 22k B IR 3R 77 % 43 1T (one-way ANOVA)J5
H#E47T %2 H L (Duncan’s multiple range tests), & 7
YK B P<0.05.

2 R

21 EKE5ENFA

W AT, 3 S50 20 1K G R 31K 98% LA I,
TR R (P>0.05). AL H Bk iR &R
03 ZE R (P>0.05), MG E R, K5 e 4 KA R
ROR IR DA i AN K S AL s, BRI 4Lk 2, 2R
AR, Hbh REmAd5amALEE £
(P>0.05), T Kl VH 2L RN SR 6T ik 4 S 3 T f i 4
(P<0.05).
22 FLAMER S S

e SHTN, AN [E g 5 9 %) 20 gk fik 41y £ AL AL 7K
oy~ FHER A R I AR 53308 5.3 R (P>0.05) .

2.3 FALAREBAERZE A

22 6T AN [) T 07 05 ) sl ok 4 i e 4 £ 35 UL
(9 HE T BR ZH i o 235 SR S 7 fa A L DAY G 7 TR 4L 1l P
B ST S IR AR R BT BR AL . S AL Y
ReWime # & A K&EM16:0. 18:1n-9. 18:2n-641
22:6n-3. AR Mn-3R 58N ER. EPAF
DHA % & 13 = T HAth AL BE 2 (P<0.05), KA 4
[1116:0F118: 1n-97 & & 25 /& T HAth 4 3 4H.(P<0.05),
K HA18:2n-6 F & 0 3 & T HAth AL 2 (P<0.05),
MSAF I ZH 0 18:3n-3 7 & 8 3 i T H A b 2
(P<0.05).
24 IMFE%EWK

WIZR TAT 7S, PV DA S 38 A IR 7 105 P 40 fl fie
G fiFhHM =i S8R E e T HA Y, f
T2 N B AR (P<0.05), i 415 IH [ B B 2 e
T HAM AL B AL (P<0.05), KA i % IR B
BB AT HAh kb FE 2 (P<0.05), £ kb FE 2 A% 25
& A& EmR A TE % 7 (P>0.05).
2.5 FFEERERA K BIHEXERERIA

W 1R, e @ R ACC1. FASAHI
A6 Fad ) mRNA 1A 7K1 52 2 4k} i 7 I ) &k 2%
S (P<0.05). 5 ym 4L A0 Lk, 2% 48 40 3 41 1
ACCIFIFASHImRNAZK A & BT T i, A6 Fadlt]
mRNA L & B 2 i (P<0.05), &Yz
(9% A 3 % 55 (P>0.05).

R4 TEBERREES L) & % KR RF A

Tab. 4 Effects of different dietary lipid sources on the growth performance and feed utilization of juvenile Brachymystax lenok (Mean=SE)

T B Ttem #IHFO SHFMCO KEAE M PaO KEHSO
YIFEIBW (g/fish) 22.8140.59 22.15+0.56 21.68+0.39 22.11+1.03
K EFBW (g/fish) 50.28+1.32° 41.3440.29" 43.07+0.60" 46.39+2.31%

WERWG (%) 120.43+2.70° 86.90+5.53" 98.80+5.33™ 109.916.24"
FE 4 KR SGR (%/d) 1.52:0.02° 1.2040.10" 1.32+0.05™ 1.42+0.06"
HEETHFR (%/d) 1.65+0.03 1.650.02 1.64+0.06 1.63+0.04
TARILRFE (%) 87.47+2.29 ¢ 70.46+2.88 77.29+0.34% 83.70+2.28
JFFAA EL HST (%) 1.10+0.08" 0.97+0.04" 0.81:£0.04° 1.06+0.04"
R #SR (%) 100 98.67+1.33 100 100

T AFET R LR AT 2 R B B 2R (P<0.05); TIH

Note: Values with different superscripts are significantly different from each other (P<0.05); the same applies below

x5 TEBERRX L&A REM S S HTE ST

Tab. 5 Effect of different dietary lipid sources on the crude components of muscle (dry-weight basis) in juvenile Brachymystax lenok

(Mean+SE)
%43 Ingredient fIHFO FHFHCO FEAE I PaO KEHSO
7K 4> Moisture 77.18+0.25 77.12+0.09 77.13+0.15 77.14+0.36
¥ # 9 Crude protein 78.18+0.15 78.95+0.26 78.91+0.77 78.36+0.39
KR Wi Crude fat 8.89+0.65 9.08+0.18 9.38+0.13 9.96+0.19
K4y Ash 8.70+0.21 8.710.12 8.72+0.14 8.65+0.17
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Tab. 6 Effects of different dietary lipid sources on the fatty acid compositions of muscle lipid in juvenile Brachymystax lenok (% of total

fatty acids, Mean+SE)

Jig i B F atty acid fIHFO SHFICO FRAE i PaO KIS0

14:0 3.44+0.06° 1.44+0.10 1.84+0.09" 1.28+0.04"

16:0 15.57+0.14° 13.63+0.14° 23.35+0.17° 16.09+0.16°

18:0 2.670.12° 2.62+0.12" 3.29+0.19" 3.530.19

20:0 1.35£0.01° 1.53+0.23° 1.10£0.06" 0.560.06"
TSFA' 23.0240.08° 19.23+0.52° 29.58+0.12° 21.46+0.09°
16:1n-7 6.03+0.13° 3.69+0.12° 4.57+0.22° 2.86+0.08"

18:1n-9 21.54+0.41° 21.08+0.09" 31.11£0.39" 20.65+0.60"
20:1n-9 4.45+0.17° 0.82+0.10" 0.42+0.16" 0.89+0.04°
22:1n-9 0.24+0.05 0.41+0.22 0.047+0.003 0.037+0.009

22:1n-11 4.16+0.40" 6.26+0.48° 0.05+0.006" 0.09+0.007"
IMUFA’ 36.42+0.22° 32.26+0.35 36.20+0.45° 24.52+0.68"
18:2n-6 13.49+0.61° 23.18+0.89° 17.29+0.88" 30.39+0.68°
20:2n-6 0.48+0.17" 0.70£0.09° 0.16+0.04™ 0.09+0.02"
20:4n-6 0.66+0.10° 1.27£0.17" 0.85+0.06" 1.56+0.15°
16 14.64+0.60° 25.14+0.82° 18.30+0.84° 32.05+0.84°
18:3n-3 2.42+0.14" 7.200.13° 1.57+0.09" 3.95+0.04°
18:4n-3 1.28+0.12° 1.45+0.15° 0.26+0.007" 0.63+0.06°
20:4n-3 0.3020.06" 0.48+0.09" 0.630.06" 1.17+0.02°
20:5n-3(EPA) 4.74+0.29" 1.26+0.08" 0.91+0.03" 1.20+0.06"
22:5n-3 1.04+£0.07° 0.28+0.02" 0.24+0.04" 1.07+0.07°
22:6n-3(DHA) 13.45+0.67° 7.51£0.47° 7.44+0.22" 9.19+0.68"
¥ n-3 23.24+0.55° 18.17+0.74° 11.0620.22° 17.2120.73°

#=7 AEBEHEX ML L& MEE HIEFRaIF
Tab. 7 Effects of different dietary lipid sources on the biochemistry composition of serum in juvenile Brachymystax lenok (mmol/L,
Mean+SE)

T #FrIndex fiMFO SEFFICO FEAE i PaO KIS0
Hilh =BTG 3.21+0.44° 5.15+0.53° 4.97£0.37 8.31£0.19°
SJHERETC 4.69+0.28" 2.51+0.10° 2.95+0.36" 2.03+0.38"

% g & FHDL 3.36+0.20° 2.58+0.15" 1.90+0.24" 3.26+0.31°
iK% )G S HLDL 3.01+0.11 3.36+0.13 3.02+0.55 3.34+0.73

2.6 FFEEIMELEEEMHFITBARSIE
2 ST A VA [ i J 8 vl el ) m ik ik &) £,

T AR 2 4 K ARSI g R

JERESTAAREE & . 45 SR, Ml K h 4
I AEROS & & i 2 i1 T2 A i 2 (P<0.05); 754k
PR FISODAICAT & &0 & 3% 7 7+ (P>0.05); i
HAEH M AMMDA RS & B E KT HAh b 241
(P<0.05); KEMARNGPx & & 2 m T HAb a3
4H(P<0.05); il TBARSIE & &, ik W K&
THAH, SERF IR FOAT AR 2H 5K (P<0.05) .

3 iTig
31 EK5AERFA
Y2 R AE Y] DL 2 e BN

TN, Gt 52BN, K- A 3 2H 4R ik fie: 11 38 R Rk
85%ULL E . BIE RN 100%, & B 4 ek 4)) £ % 5%
Tl g J 068 B 0yl SRR KR AR R OK i R
T B SRR B8 7o 75 A 2 2H 41 fik ik 1)
WERLEEZER, HMER, FEf KRR
R A5 DA o e AR S AL B e, KRR AL IR 2, 3R
FmAs, Kh KEmds5amAdrE sy
(P>0.05), T Al i ZELRN SRFT bk 41 S M T f ok 41
(P<0.05)o N[ i s 05 %o 40 fk ik A= K 532 o 1) R [T ]
R 55 20 i ik o) A [+) i J 1 1) R FH e 70 B i e 5 3
TR AL R ) 22 J A o o R 6l 0 2K ie 32 A
(1) 06 75 RGBT IR fen-3 RAm AW AI IR R, IR A
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¥18: 3n-3564k yn-3 HUFARIAE A, 5 Hofh fiek
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Tab. 8 Effects of different dietary lipid sources on the activities of anti-oxidant enzymes and TBARS value in the liver of juvenile

Brachymystax lenok (Mean+SE)

e FRIndex #IHFO SAFICO Il PaO K=EhsO
ROS (U/mg prot) 7902.19+213.8°  6386.43+262.94'  7064.26+323.78" 7616.14+415.55"
SOD (U/mg prot) 45.15+1.17 48.50+1.30 51.74+4.96 55.20+4.70
CAT (U/mg prot) 89.25+2.02 89.31+2.74 99.79+9.52 95.001.09
MDA (nmol/mg prot) 1.15+0.14° 1.70+0.27" 2.43+0.22° 2.85+0.22"
GPx (U/mg prot) 168.96:24.15" 165.51+23.24° 112.02+7.17° 276.51+23.31°
TBARS (nmol MDA/mg wet tissue) 12.34+0.63° 3.70+0.60° 4.41+0.27" 6.14+0.44°
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EFFECTS OF DIFFERENT LIPID SOURCES ON THE GROWTH, LIPID
METABOLISM AND ANTIOXIDANT ABILITY OF
BRACHYMYSTAX LENOK

LIU Yang', GAO Jian’, CAO Xiao-Juan’, YIN Jia-Sheng' and LIU Hong-Bai'

(1. Heilongjiang River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Harbin 150070, China;
2. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: A 52-day growth trial was conducted to evaluate the effects of different dietary lipids on the growth perfor-
mance, lipid metabolism, and antioxidant ability of Brachymystax lenok. Fish with average initial weight of (22.19+1.10) g
were fed with four experimental diets that contained fish oil (FO), colza oil (CO), palm oil (PaO), and soybean oil (SO),
respectively. The lowest weight gain, specific growth rate, and the feed conversion ratio were observed with CO treat-
ment, while the highest values of these parameters occurred at the experiments of FO and SO, with no significant diffe-
rences between these two conditions (P>0.05). Crude protein and lipid in the muscle of Brachymystax lenok were not
affected by lipid sources (P>0.05). However, the DHA level of Brachymystax lenok fed with SO increased, which indi-
cated that Brachymystax lenok had the ability to desaturate and elongate from 18:3n-3 to 22:6n-3. Compared to which
fed with FO, an increase of TG and decrease of TC were observed in the serum of Brachymystax lenok fed with plant
oils. In addition, the mRNA expression of A6 Fad in the liver of those fed with plant oils also increased, but the mRNA
expression of ACC1 and FAS decreased. The values of ROS, MDA, GPx and TBARS in liver were significantly
affected by different lipid sources (P<0.05). The results suggest that FO and SO could be used in the diet for juvenile
Brachymystax lenok, but CO and PaO are unsuitable as single lipid sources for juvenile Brachymystax lenok.

Key words: Brachymystax lenok; Lipid sources; Growth performance; Lipid metabolism; Antioxidant ability



