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chain fatty acids, Elov1)J& [H i8] 3 ik 2 K HL I
AR #E WA LC-PUFARI A ¥ & 1 .
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i, R AR IRIER 42—, Ren%F P Al
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A6 fadflelovis, MK FAESE T LAFILNA
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Tab.1 Ingredients and composition of experimental diets

(dry matter basis) %
ip %

TR R dietary treatments

ingredient DI D2 D3 D4 D5
TR 25 25 25 25 25
soybean meal
SEFFRH 25 25 25 25 25
rapeseed meal
FRFFHA 17 17 17 17 17
cottonseed meal
Uk 10 10 10 10 10
wheat middling
Ko 132 132 132 132 132
rice bran
WERER 0.5 0.5 0.5 0.5 0.5
vitamin mixture'
RET Wi 0.5 0.5 0.5 0.5 0.5
mineral mixture’
AL BT 0.1 0.1 0.1 0.1 0.1
choline chiorlde
R A4S 0.5 0.5 0.5 0.5 0.5
dicalcium phosphate
R 0.1 0.1 0.1 0.1 0.1
L-Lysine
AR 0.1 0.1 0.1 0.1 0.1
DL-methionine
fit 8 0 0 0 0
fish oil
e 0 8 6.13  3.67 281
peanut oil
kDI sl 0 0 187 433 519
perilla oil
ERBS
proximate composition
R/ 86.55 87.48 8739 86.71 87.96
dry matter
HEA 32.10 3232 31.70 3197 3234
crude protein
biclistit 813 802 797 811 803
crude lipids
Wy 6.61 643 640 624 628

ash

H: 1L ETRBEATYRPEEM00g, $30g %8g g,
£30 g, Hi2g Gl g, 500 mg, M40 mg. 2. HT IR ESYEER
A4 A10000 TU, 4E423D;30000 IU, 4E4: FE;1000 U,
HeEFEK;20mg, 4E4EEB20mg, B,480mg, By360mg, By, 100mg,
JHEZ170 mg, ZE580 mg, MR170 mg, AMEK10mg, NS g,
R0 g

Notes: 1. one kilogram of mineral mix containing the following: K 100 g,
Mg30g Fe8g,Molg Zn30g Mn2g, Col g, 1500 mg, Se 40 mg.
2. one kilogram of vitamin mix containing the following: A310000 IU,
D330000 IU, E51000 IU, K3 20 mg, B; 20 mg, B, 480 mg, B4 360 mg,
B}, 100 mg, nicotinic acid 170 mg, calcium pantothenate 80 mg, folic

acid 170 mg, biotin 10 mg, inositol 8 g, C-monophopholipid 10 g
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FE ST T, LR AR 24 h, £0.01% MS-222
RIS, ik TRRK S, B—RESETT
MR AT B . 450 £ R AL I 2 15 KR L (A
0.9 m, F1m), BEL30EM, LS4 (HH
3FAT), FEAE8E . FREWIE, AR R AR K
BORBL , B KA K 1R (K & SRR 1/2);
BRI E MR (8:30, 16:30); &K T RIE .
e 7K RN A B4 A, At B TR R R i 2R A
s WAFRIKIR A (2043) °C,

1.2 HAXESTH

ST FF AR, B3 R 4 A0 A o1 AT I 40 4L 4K
WA REA . STER 45 A, L SC IR £ % — AR
OGP ARR T E Fe, BEREHLIRE 4
i S 60y HFIE A SUE W AR FEA . i 4 fa 5 i
HEMARZR ARG, 7T -80 CUKFIRAF#
FH o S 50 Tk R 4 A Ak A 1 A BT T TR 5 2R
AT RS Oy 3
1.3 AR5 BT B RS R ER A% 43 I ZE

SR FH 28 B 1y G 77— PP T 3 8 T £ A U 1Y
B . R = F AL £ (ca. 48%, Acros Organics,
USA)EAL I 2E 17 18 107 8 FH R Ak o g I 1 1 4% DU
fifi I Agilent 7890B A € 1AL HEA T 43 HT (€335 A
Agilent HP-88, 100 mx0.25 mm, 0.20 um). &/
PR 843 1 5 7 AR Sigma s w4 i G R A o 5
SR T RRUE — 3 5 A5 AL RS s R T 5 e T AR
gyt o SES0R IR R TR S 0 HL AR B P R L
XieFE™, 21 S0 AR Rk 17 R 4 K WL 2.

1.4 RNARHSSFE=PCRAH

¥4 Trizolif 77| & (TaKaRa, Ji% )i HH 5 #H
i R T BLRNA . fff FIRNA R #5638 50 &
(Invitrogen, ZE[E)& M.cDNA, LLB-actink:H h N
%, R S0 2 B PCR(Real- time PCR)4M T 4% 4H
JFHELH L A6 fad-a/b . elovi5-a/bIER I Rk .
ZHRenS G s S, HIPF WL %S,
Real-time PCRJ% W {& & 5 ddH,0 6 pL, SYBR
Green Supermix 10 pL, 5/4J(10 pmol/L)#1 uL,
cDNA(10 ng/uL)2 uLo JZ W 25 k194 °C7E 1S min;
95°C 10s, 58°C20s, 72°C20s, 45MEH; 95°C
5s, 65°C 1 min, 40 °CF&iE 10s, HMHEAER
3K o RGN BE(CT)IE"GE 1T o0 1 3 ] B4 A
XP IR

2 AREERIREARER)
Tab. 2 Fatty acid composition of experimental diets
(area) %

FalHE )
dietary treatments

D1 D2 D3 D4 D5

FERIIR

main fatty acids

C14:0 740 250 211 144 125
C16:0 17.04 1854 1577 1684 15.62
cl6:1 318 128 155 1.09 178
C18:0 317 314 354 361 3.57
c1s:1 1442 19.02 1841 18.14 17.53
C18:216 (LA) 407 3471 3085 2334 19.42
C18:3n6 042/ / / /
C20:3n6 037 / / / /
C20:4n6 (ARA) 131/ / / /
C18:313 (LNA) 395 054 1407 2544 298
C18:4n3 030 / / / /
C20:4n3 043/ / / /
20:513 (EPA) 271/ / / /
C22:513 (DPA) 052/ / / /
C22:6n3 (DHA) 731/ / / /
SFA 2831 24.18 2254 2244 2154
MUFA 2564 2234 2016 1923 1931
-3 PUFA 1134 054 1407 3544 3553
-6 PUFA 645 3471 3085 2744 2324
LNA/LA 097 002 046 1.09 153

/L RITERAR
Notes: /. the fatty acid is not detected

15 HERGIHSHR

AR E R R R AR CR T
W RERRAR S LT AR

B AR (WGR,  %)=(Z AR M 5 it 40 i 1A o
/WA BT 100

B2 A K (SGR, %/d)=(InZ& K {4 i -
I i MR Jo 4 )/ 37 B8 K K< 100

Tk R B (FCR)=fa (R VB 1 8 2R & T i} i

PG (SR, %)=(5 B 25 IR 3 #1150/ (52 56
TE 5 3% #6450 % 100

B ds LUF- Y47 HE D2 (mean+SE) R 7R, FIH
SPSS 17.0F% J i izt #1 [N 38 J5 2273 7 (One-Way AN-
OVA) WA IR 2E e, 225 27K F-40.05,
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*3 XPEHBEEXHEEPCRIY

Tab.3 Primers for Real-time PCR determinations of

the key enzyme genes expression

RE 54 Fr1l 53’ S5k
genes  primers sequence 53’ reference
fadséa  FaS  ATCGGACACCTGAAGGGAGCG [2]

FaA  CATGTTGAGCATGTTGACATCCG

fads6b  FbS ~ GTACCAATGGGAGGTTCGGCAC [2]
Fb A GAGTTGAAGGTTTGGATGAAATG
CATG
eloviSa  EaS  GTCCTGACCATGTTCCAGACATC [2]
TTG

EaA CTGTAAGCGGACGAGGTGTCGTC

elovi5Sh  EbS  GTCCTGACCATGTTCCAGACATC [2]
TTG

EbA CATGAAGCTCCTCTACTGCGCTG
p-actin -~ BS CGCCCCAGACATCAGGGTG [2]

BA CACAGATCATGTTTGAGACCTTC
AACAC

2 4

2.1 [ARLNA/LALEXS & R E K MERE . AR
FAERFN{R B 93 B9 22 i

FHH Z 5, FABILNA/LA F 44 77 3
I FH R (P>0.05), )&, TERLNA/LA &
TR K MEREs bR, P, D2, D44

i R RORTRE A AR KR 35 T D3, DSAb 3
2H(P<0.05). 2% 41 R TH R RO 8 3% 22 7 (R 4).
R RN N T O T T N o =[] £ R N €
&M MIED . KSR inmER AR
(P>0.05)(#4).

2.2 JEARILNA/LALL 3t & {4 BF B A5 B B2 2B RR B9

A

50T BEZE AR L, AR A v U e ek 2 S T
oA JFF I 2H 216 s PR A i o 4% S 56 4 o (AT A
ARA. EPA. DHALJ K LC-PUFA/K - i % T %
HEZ(P<0.05), #RMT, Ay 20 £0 4 P I 18:4n-3
F120:4n-37K FH) W EAR AR YW AL . T H, &
T B J 2 %) % i Bl 4 R TP LNAVLA L T 5 1 T
Mo TEAEIArh, MIKFIELNA, ARA,
EPA. DHALL M LC-PUFA/K ¥ & & Bifi 17 K}
LNA/LA B & i m,  H D4ZH(LNA/LA=1.09)
JFIELC-PUFAZK V15 5 o

2.3 TARILNA/LALL % @ KAFREA6 fad. elovIS
mRNAFRIE 7K F /Y

S H 2 D2~DS AR IEAG6 fad-a . elovi5-a
mRNAZ K 7K 5 2 8 T X B2 (P<0.05)(1#1 1),
H/&, A6 fad-b. elovi5-b mRNAZK F-7F 4 kb H2H
6] () 22 S Ve AR 2 (P>0.05), 417K HLNA/LA=

R4 TREACERASEE K REFERRE S 24

Tab.4 Growth performance and proximate composition of C. carpio at different treatments

Tkl 2H 1
KSR dietary treatments

growth indexes DI D2 D3 D4 D5
HI4a 14 7 /g initial weight 8.1240.03 8.04+0.07 7.97+0.08 8.20£0.09 8.07+0.03
RN /g final weight 19.03+0.30° 18.93+0.57" 16.8+0.20° 20.06+0.63" 17.77£0.41°
I # 2%/% WGR 134.44+2.93" 135.48+6.05° 110.82+4.33" 144.60£5.11° 120.13+4.22"
R A K 2/(%/d) SGR 1.5240.05™ 1.53+0.07* 1.330.11° 1.59:£0.08" 1.41£0.11%
Tkl % FCR 1.5+0.03 1.63+0.04 1.6+0.07 1.61+0.07 1.54+0.05
1FI% %6/% SR 98.89 100 96.67 97.78 93.33
{RRR4)> proximate composition
7K 43/% moisture 72.37£0.75 69.65+2.96 68.49+0.10 67.71+4.29 70.29+0.91
# 2 4/% crude protein 16.75+0.06 17.47£0.95 16.09+2.11 18.11+1.44 16.36+0.05
HAR /% crude lipids 7.00£0.18 8.21=1.12 7.99+0.65 8.27+2.56 7.94+1.36
K53 1% ash 3.49+0.04 3.81£0.28 3.76+0.38 3.3240.28 3.20+0.07

e AT AR ARG E R RN 2 7 8 (P<0.05), T

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

http://www.scxuebao.cn
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Tab. 5

Main fatty acids composition of the liver of C. carpio at different treatments (area) %

TR dietary treatments

FEMEHIER  main fatty acids

D1 D2 D3 D4 D5
C14:0 2.18+0.10 3.09+0.15 2.75+0.37 3.2540.54 2.79+0.35
C16:0 37.87+0.8" 30.24+0.34° 31.45+0.68° 33.62+0.51° 32.73+1.78°
Cle:1 13.27+0.93° 9.15+0.08" 8.99+0.18° 11.31£0.29° 11.10£1.37*
C18:0 5.28+0.35° 4.46+0.75" 4.16+0.05 4.57£0.27" 5.11+£0.47°
C18:1 13.65+1.11° 17.77+£0.37° 17.13+1.44° 18.49+0.06° 19.01£1.11°
C18:2n6 (LA) 4.96+0.32° 32.86+0.76" 24.25+0.54° 18.54+0.34° 17.82+0.51°
C18:3n6 0.14+0.03¢ 0.23+0.02° 0.83+0.05" 0.87+0.01" 0.68+0.10°
C18:3n3 (LNA) 3.03+0.01¢ 0.26+0.02° 8.21+0.02° 15.16+0.02° 18.13+0.02°
C20:3n6 0.21+0.20° 1.87+0.10° 1.71+0.12° 0.99+0.06™ 1.09+0.17°
C20:4n6 (ARA) 2.51£0.26" 1.70£0.10° 1.74+0.03° 1.28+0.11° 1.05+0.22°
C18:4n3 0.22+0.04° 0.33+0.02° 0.43+0.10° 0.35+0.01° 0.37+0.04
C20:4n3 0.02+0.01¢ 0.33+0.02° 0.32+0.09° 0.58+0.04" 0.51 £0.03*
20:5n3 (EPA) 0.68+0.04" 0.09+0.02° 0.14+0.03¢ 0.40+0.02° 0.39+0.01°
C22:5n3 (DPA) 1.70+0.20° 0.23+0.02° 0.30+0.03¢ 0.47+0.04™ 0.43 £0.02"
C22:6n3 (DHA) 8.5+0.13" 1.72+0.14° 2.38+0.07* 4.28+0.23° 3.56+0.40°
SFA 45.33+1.25° 37.79+0.56° 38.36+1.10° 41.44+0.23* 40.63+1.85"
MUFA 39.92+0.18° 46.92+0.45° 46.12+1.62° 40.80+0.35° 41.91x1.16*
n-3 PUFA 14.13+0.16° 3.63+0.18¢° 11.25+0.32° 21.65+0.33° 23.63+0.39°
n-6 PUFA 7.82+0.38¢ 35.66+0.98" 28.53+0.43" 21.68+0.30° 20.64+0.80"
LC-PUFA 13.62+0.43" 5.94+0.52° 6.38+0.41" 8.00+0.65° 6.78+0.36°

1.090f, fMAKAFAEAG fad-a. elovi5-a mRNAZ K
KA, ULILNA/LA K 1.025 45 i f 3 4 £ A
T4 B LC-PUFA .

3 v

W H A& HESh ¥ —F, ARA. EPAFI
DHAZLC-PUFAX W IEH A K A B B REE,
— MRy, K R N BAT A BLC-PUFA I i 2
) — Z& ¥ Fads . Elovl, #] f| & & LNAFILARK
P A LC-PUFA, #R1M, 4 K 8500 K fh it
= fads J eloviFk PR B3k 6 3 PR it 96 PR ARG, X LA
B LNAFILAR: AL N LC-PUFA, FrlL, /KRy
FEHAR T & S LC-PUFARY fa i, I 4Esk, BF
5% 5 AT AE R W il 2R A Al Oy T AT R AR
& P B (B = LC-PUFA) AR} 5 35 52 1 7k
iy A PO B IR Kt AR K TGS, T L

% & A5 Wy il ) BB B A (Ctenopharyngodon
idella) . & R (Carassius auratus gibelio)F i
(Elopichthys bambusa)f) K P RE BEAEST 2, [H]
B, ASHIEAE AR R B 9 9 2 A R A K FE AR £
WA TR ENEE S, HD2MD4A I K R E
AR FRBEL S T . D EmsREN,
PUFATE a2 (I EFA, IR /K £l 5 ¥ K i X HFh
FK R KRR AR

HIREFAM A R ZE B ] £8. 2543 hy 35
(DX Hn-6 PUFA; @n-3FIn-6 PUFA; Y ~n-3
PUFA. g T552F1 2R, Xfn-3F1n-6 PUFA%R
Jphits ", Takeuchi " KB, HEXTEFAR T
3K A 1% LAFI0.5%~1% LNA, [5)%F BRZHAH [, #
Wi A AR A K PR RE TE R e, XU B AR BF 5
(AR T R} BB T A2 AR X EFAI TR oK o S 41,
AW HE— KB, R P LNA/LAK Y- B3 %
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525 510
I % g E 2
& & a HE g
qé g 20 ‘ wg
"»?; a ke
EZ 15 I ZE 6
<3 <o
Z = | >
2= 10 cég 4 I | I
SZ b 2% : I I ! i
T T 5 A + 2 4
33 ¢ 53
3, e
<
< DI D2 D3 D4 D5 DI D2 D3 D4 D5
2 4150
groups groups
£ 101 HER
1 2 a ab 7
) &2 &
ie e IS
T2 6 b \ 22,
<3 T £E 31
=% : ¢ <%
2L 4 ] )
£ d Eg I I I
A E i & E [ I | I
=5 2 =9 1 1 I
S S
E% E%
30 30
DI D2 D3 D4 D5 DI D2 D3 D4 D5
2H 5 A7
groups groups

1 AE4IELBRFEEA6 fad. elovls mRNARE N RIL =

HETE 18 b J7 AN A 57 BEAR R A [R) 24 ) 77 76 8 35 % 72 7t (P<0.05)

Fig. 1 mRNA expression of A6 fad, elovl5 relative to f-actin in liver of C. carpio at different treatments

Different letters above the columns show significant differences between different groups (P<0.05)

W 7 ERAE K, HitP, DAZH(LNA/LA=1.09)ff {4k Y
AR R, H B #E & TD3(LNA/LA=0.46)
2. Tan%5FPYE L, ¥ ifh (Pelteobagrus fulvidraco)
FEELNA/LAK LTI 0209 f L, fa R A Kk
AERE i T HABA . MU, LNA/LAT2.5%
VIA B B T 5 (Perca fluviatilus)d: K PEBE & T
LNA/LAY 1.48F12 4515 WuSgEPUWIESE &
B, Bl R P LNA/LA B TR, R A B
1t (Epinephelus malabaricus)4f) fi 1) A= 4 5505 i
4, MLNA/LA=3.30f, MR E R,
TR LNALA LG SR (AR A KPERR I RS, ARk T
n-3Mn-6 PUFAJK V- £ F- i X} #4424 1A B
B

[6) A 58—, A5 b AR IR AR 1D
2 2 ol o AR Wt G T 5% £ )k 1 i D TR 2H
e 20 248 R AE I A A I IEARA . EPA
MDHAKL Tl 4, (5 & 48 9 i 4 a0 1
JEC18:3n6, C18:4n3, C20:3n6, C20:4n3 .
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Effects of dietary LNA/LA ratio on growth, hepatic fatty acid profiles and
/\6fad, elovls mRNA expression in common carp (Cyprinus carpio)

XIE Dizhi, YU Ruomeng, CHENFang, LU Ronghua, YANG Liping,
MENG Xiaolin, NIE Guoxing

(Engineering Technology Research Center of Henan Province for Aquatic Animal Cultivation, College of Fisheries,

Henan Normal University, Xinxiang 453007, China)

Abstract: To evaluate the effects of dietary a-linolenic acid (LNA, 18:3n-3)/ linoleic acid (LA, 18:2n-6) ratios on
growth performance and LC-PUFA biosynthesis in common carp, we designed five iso-nitrogenous and iso-
energetic diets for eight weeks of feeding trial. The control diet (D1) was only supplemented with fish oil as lipid
source, while the mix of peanut oil and perilla oil with varying LNA/LA ratios of 0.02, 0.46, 1.09 and 1.53 was
used as lipid source for the experimental groups [D2, D3, D4 and D5, VO (vegetable oil) diets], respectively. The
results showed that, there were no differences among control group and VO groups in WGR, SGR and FCR.
Compared with the control group, the hepatic LC-PUFA levels were significantly low in VO groups, whereas, the
hepatic A6 fad-a and elovi5-a mRNA expression levels were significantly improved by VO diets. Among the four
VO groups, the WGR and SGR were significantly affected by dietary LNA/LA ratios, with higher growth in D4
and D2 groups. Additionally, the hepatic LC-PUFA levels, A6 fad-a and elovi5-a mRNA expression levels were
higher in the fish fed higher ALA/LA ratios diets. In particular, the highest hepatic LC-PUFA levels were observed
in D4 groups, and consistent with this, hepatic A6 fad-a and elovi5-a mRNA with the highest level were also
showed in D4 groups. The results indicate that VO diets have a negative effect on the hepatic LC-PUFA levels in
common carp. However, the optimal balance LNA/LA supplement (1.09 : 1) have been successful in raising the
efficiency of LC-PUFA production by improving the hepatic A6 fad-a and elov/5-a mRNA expression, and
decreasing the negative impact of VO diets on tissue LC-PUFA concentration in this fish species.
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