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1.2 SLEEI R FEFH

HE, T2 XS K B O TE H A B Mk
5 (Megalobrama amblycephala) 3 J& %} (Cyprin-
idae) 5 J& (Megalobrama), A KH R | = QA
R, WBRRE, #fE b —FE e &P E A
FAEARTLH NIRRTz 3R A, A
5 5 FEWT ST IR AR 5 R 2 B X i R JILET i A K
HREEI, IEERTE ARG D7 e 1o AR I 422 1 Sk
5 PR S5 i JB 1 o3 T AL . AT kg 3 0 28 o JBT 3
FERAL IS ARYE , o s 2R ILPA BT Y 8 FR iR Ak

fRpt e, FRIH AR 5 A K AF K 77 B B R
F 1 FLEHENE SR (THR)
Tab. 1 Formulation of the experimental diets of M. amblycephala (dry matter) %
KERLD 77 Tkl diets
formulation StHEZH control THE4H BA EHERY4 OA FAREERZL PA
K  ingredients
ff)  fish meal” 5.00 5.00 5.00 5.00
HH  soybean meal” 17.21 17.21 17.21 17.21
K cottonseed meal” 15.00 15.00 15.00 15.00
SEH rapeseed meal” 15.00 15.00 15.00 15.00
Yk middling” 20.00 20.00 20.00 20.00
##k  wheat bran" 20.64 20.64 20.64 20.64
EIH  soybean oil” 3.86 2.36 2.36 2.36
TREL  premix” 1.00 1.00 1.00 1.00
R —&%5 calcium biphosphate” 1.80 1.80 1.80 1.80
¥ sodium chloride” 0.50 0.50 0.50 0.50
T4 sodium butyrate® 0.00 1.50 0.00 0.00
ERR  octoic acid” 0.00 0.00 1.50 0.00
KRR palmitic acid” 0.00 0.00 0.00 1.50
FE4r1EHE  proximate composition
HMEE  crude protein 32.76 32.58 33.14 32.39
HLIEMG  crude lipid 6.82 6.71 6.96 6.88
#HK4Yy  crude ash 7.33 723 7.17 7.54
7K43  moisture 10.32 10.09 9.83 10.15

e 1) BET7 R IERDRFFDRL S I VLR 2R N R B DR A IR A R . 2) BOREL LR (g/kg TR B 4k A2 R (IUBimg/kg R AL A
CuSO,-5H,0 2.0 g; FeSO,-7H,0 25 g; ZnS0,-7H,0 22 g; MnSO,-4H,0 7 g; Na,SeO; 0.04 g; KI 0.026 g; CoCl,-6H,0 0.1 g; 44 KA
900 000 IU; #EA2D 200 000 1U; 43K E 4 500 mg; 4E2E 3R K5220 mg; 4E4E 3R B, 320 mg; 4E4EK B, 1 090 mg; 4E4E 3K Bs 2 000 mg; 4E4E
% Be 500 mg; 4 By, 1.6 mg; 4EATE C 5000 mg; 2 EREL 1000 mg; MHER 165 mg; HEH 60 000 mg. 3) T ERHY, EFR(0A), FEAHER(PA)E
H U R R B A E, A TERBA) LT RN AN K, 40/299%; FER(OA) 40/E = 99%; FRMHIR(PA) 40Z = 99%.
Notes: 1) the ingredients in the formula were purchased from Jiangsu Haipurui Feed Co., Ltd.. 2) premix supplied the following minerals (g/kg of diet)
and vitamins (IU or mg/kg of diet): CuSO,4-5H,0 2.0 g; FeSO,-7H,0 25 g; ZnSO4 7H,0 22 g; MnSO,4-4H,0 7 g; Na,SeO3 0.04 g; KI 0.026 g;
CoCl,-6H,0 0.1 g; vitamin A 900 000 IU; vitamin D 200 000 IU; vitamin E 4 500 mg; vitamin K3 220 mg; vitamin B; 320 mg; vitamin B, 1 090 mg;
vitamin Bs 2 000 mg; vitamin B 500 mg; vitamin B, 1.6 mg; vitamin C 5 000 mg; pantothenate 1 000 mg; folic acid 165 mg; choline 60 000 mg. 3)
sodium butyrate, octanoic acid (OA) and palmitic acid (PA) were all purchased from Nanjing Shoude Biotechnology Co., Ltd., butyric acid (BA) was
added in the form of sodium butyrate to prevent volatilization content 99%; octanoic acid (OA) content = 99%; palmitic acid (PA) content = 99%.
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T, &
F2 ARBEMBRLARK ST
Tab. 2 Fatty acid composition of
the experimental diets g/kg
- Tkl diets
gty
fatty acids payicHEl THRRA FRRA FrtEiR A
control BA OA PA

C4:0 0.010 0.495 0.012 0.017
C6:0 0.025 0.027 0.019 0.016
C8:0 0.033 0.263 5.145 0.062
C12:0 0.013 0.012 0.015 0.016
C13:0 0.022 0.020 0.025 0.020
C14:0 0.301 0.252 0.274 0.254
C15:0 0.049 0.042 0.046 0.047
C16:0 5.935 4.780 5.225 12.694
Cl6:1 0.393 0.333 0.357 0.308
C17:0 0.080 0.064 0.069 0.066
C17:1 0.025 0.021 0.014 0.012
C18:0 1.763 1.260 1.351 1.143
C18:1n9t 0.028 0.024 0.028 0.018
C18:1n9¢ 12.014 8.862 9.550 7.740
C18:2n6t 0.019 0.016 0.019 0.015
C18:2n6¢ 25.769 19.518 20.984 17.057
C20:0 0.374 0.263 0.281 0.226
C18:3n6 0.088 0.059 0.062 0.053
C18:3n3 2.503 1.839 1.980 1.618
C20:1 0.021 0.019 0.020 0.018
C21:0 0.113 0.088 0.103 0.084
C20:2 0.047 0.036 0.041 0.033
C22:0 0.358 0.232 0.259 0.203
C20:3n3 0.049 0.035 0.039 0.040
C22:1n9 0.020 0.019 0.019 0.022
C23:0 0.023 0.019 0.023 0.018
C22:2n6 0.415 0.367 0.442 0.250
C20:5n3 0.073 0.067 0.092 0.059
C24:0 0.200 0.178 0.244 0.180
C24:1n9 0.039 0.034 0.037 0.032
C22:6n3 0.484 0.425 0.487 0.422
ME total 51.284 39.671 47.298 42.844

(Y FF I 3 b I, R DR ABTADL AT Sk 65 1E R ) AR A
BT o S A0 2 o o [ K PR A 5T B TR UK T
AP AFFE DR, B 108 AR E . BUAK AT
FIANA [ 00 G A (77.89+0.81) g], BlEHLAMAC
F 12 DRSF R 2 mx] mx1 m (Kx T8 x5 i 7
o BUUREHEE 3AFAT, B9 R
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A R BN B RS i, BRI A
K. HEENOEFERZNE, —H 3 8 E R
T2 (8:00, 12:00, 16:00), 55 4 FE KK IR 15
pHE N 7.4~7.6, AN 5.0 mg/L, Kil
28~34 °C, FAWEMLT 0.2 mg/L, 7S5 frh £
A T % 38 ST S 56 5 0 A R A B RN Bl 4 S 56 2 4 T
BRI, JF4 BOK = sh ) S 5040 B 2 23 D 2 ol
SE R R T T BE AT

1.3 #HERE

SEYG NI 57 do FRFHSS A, 471 24 h JE X5
Do 5 H A Sk o R AORD A FE R AT AT . A R4 Bl
BLEEH 3 RS AH 24 1 1413k f , 384 74 5 MS-222
(100 mg/L, Sigma, 3¢ [E) JRM, iS5 B E A FR
DR TN IR N R =R TN R =N e 7/ <Py ]
2 oy o HoR A Ry, SRAETS IURE & TR RGE
I, ATRENELRDN; SIS IHEL, 1
He (0.5 cmx0.5 cmx2 cm) [ 58 T 4% £ B H B IH R
HFHALUEE M, 18 (1 mmx2 mm*3 mm)
FE T 2.5% I W T, 13
em’) 3L TIREERE 4 °C PR T 24 h BT 4317 .
14 MESERR

ARKFEAF AR RRIE WL R AR,

FrE 4 K (SGR, %/d) = (InW~InW,)/1x100%

W3R (WGR, %) = (W~W)/Wyx100%

Tkl 20 (FCR) = $5E=/(W~W,)

FHIHREHE (AFL g/) = H BoR /M4

AR (DP, %) = (W~W)/Wx100%

A HE (VST %) =W/ Wx100%

Arb, W AREREORIKE (g), Wy REWIARIAE (),
W ARR LR MK N ER & (g), wFRamKkE
(g), tfRRITHTKEL ().

At mE B AOAC 7! K -
AIAT TR FLS Ay o KA DN RE SR 105 °C BT
ey HLBR MG 22 2R £ Bk R =N ek s M H
TERAPLCE R FIM I R 550 °C Kykeik.
1.5 AlLARM

FIA—RIIWUALEAI . 3 R BhSEJ7
A B PEXT f8 P) UG HBUIRZSHEAT MR IT A
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RS E T 50 mm £ AR, 38 i AL (TAXT
Plus, Stable Micro Systems, J%[F) LI 5 mm/s Tl i
BEE . 1 mm/L G B A S mmy/s 5 I B R
WLPREEE 50% [l3f, FEFHEHC 60 s HEF T4 T0Aa 53407

L6 AAKS REARSENH

e g BRI S BIRREUE R LR RS
lg, RHED-HFEEQ: 1, HWE) B BURE &
MAE .  NaOH H S 1k 2k il 25 I 7 e HY g TR
G, FEoATR

AR KA L 1E bR B 37 i s R
FHERILIRFR (10 mg/mL, Sigma, 5[) 4 0.16., 0.31,
0.63. 1.25. 2.50 mg/mL 5 Py EERL A, 3@ 1 <A
{5,315 % (8890 GC, Agilent Technologies Inc., 32 [#)
e & T AN R & i, A PRI .

H ot B8 s BR A& ) 5. B 200 pL |
BURI 38 2k 8 60 1% 1 0 v R 58 4 0 s i TR
(0 2 % & i, Horb @35 4 (Agilent Technologies
Inc., USA) #! 5 3 HP-88 (100 m, 0.25 mm ID, 0.2
um), FEREEHERE COR B RS, e RET LR,
SS HFFET | g4 JE R #S FID MR 73 518
270, 100 F1280 °C,

1.7 BARIELRRES DR

P R AL 2 T 4% 22 5 W 1 WL IR B b A
BN SRR BE K (75%. 85%. 95%. 100%)
AbFR B RERE SR (3 mmx3 mmx5 mm), i@ id
THIZREW . AMIRE)S, R IE T AR
YR HL (Leica, 18 [5]) il S B R 6 pm 1) A7 851
e, Gt IS M LT (HE) Yeta, fe &R g &t
R, SEBUXT LA S 25 A ) S B 3 3 kUL
B (Nikon, H A<)W %<, T 200 £ £ 4 Hili #2
(Nikon, DS-U2, HA) lifgdnst . &k Yl el 3
DAFEREF, FH Image Pro Plus KUK (media
cybernetics, 32 [E) G150 WLAF 4ERE:

1.8 BlABRED

SRAEFE L2 2.5% I BE W 24 h [ E 4b
B, SRR ERZE R (PBS) ik 3K, BT 1% 8k
MR [ . D& S BEEREE (50%. 70%. 80%.
90%) it /K AbFR, 3 1k PO R VR A i S0 B A HE 45
Yo B iR g 70 nm O A, 25 bl
FET UYL A 3, R B R AT £l 8000 1%, i A
ATM 1% 2 45 (HATICHA, H ) #E47 iR 4A4% .
kU R R B 3 AN TRILET , ARSI 3 K,
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| Image Pro Plus K454 (media cybernetics, 3¢
) GEit I Hr L K (SL).

1.9 EFERZE

i F§ TRIzol i 7] (Invitrogen, 3¢ [) & BILIA
2041 5 RNA, i i RQI RNase-free DNase(Pro-
mega, 3¢ [F) 11 bk $2 B #2 v ] B A7 78 1Y 38 P 41
DNA [ f#% . {#i F ExScript™ RT-PCR ik # & ¥
RNA f % 5%}y cDNA. H Y cDNA >k ] SYBR fii
By 1, {#H Green I %¢ ¢k 7 & (TaKaRa, H
A AT I S E B PCR INAE o LATEMH R4 1a
(efla) VEN H I FE R FE KA AL S R 5]
YIF 50 il A T A AR (i) B A R F) 6
(£ 3). Z M Livak F"" 1k, s H 2%91HA
H 5 mRNA AN k5

1.10 BUESDHR

Fr A 5250 30 HE ¥ i Kolmogorov-Smirnov 1
Levene ki % Py 1F 25 1 A7) i ¢ . 38 1 SPSS
16.0 #fF (SPSS , 32 [F) # 47 HL[K 2 J7 2% (One-Way
ANOVA) 53#7 o BHi (9 410 2 5 i Tukey [
KB, WEMEAKT R P<0.05, A S:mgh R
IR 3 EE (n=3) [ FH{E bR HE TR (meantSE)
LR

2 AR
21 FAKMERE

X RRALAR LY, ek e AS [l e 1 P32 i 0l
O P K B A AR, b R Rk

FRLREC PR HRER . AR R LR bR
Y90 5T (P>0.05) (35 4).

22 AASmBNE

PA 20 A1 3k fij5 AL (A A 32 A ook 2 B 35 T
(P<0.05); SXIHRZHAH L, BA Al OA 4t % T}
R, R 2 RN 3 (P>0.05), XHEZ
WL 1A 2 B 53 7 T BA. OA Fll PA 4 (P<0.05),
MMM . BCEGME . PIERPE . SR A il A
FEFRA I 25 S R, UL Sk 5 LA 20 B 3 25
5 (P>0.05) (3¢ 5).

2.3 FLPIRERAER 2H AR

F T DR R [R] BB i R s, e A5 A
kA7 L PR TP i I R % AR AE — o 25 F 1 (BR 6).
XA L, PAYLFASLE LA C16:0, C18:0
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# 3 ZFE=E PCR 3IINZEERFT
Tab.3 Nucleotide sequences of the primers for real-time quantitative PCR
H fhEE (537 TF(3-57) By

target gene forwards (5'-3") reverse (3'-5") accession number
efla CTTCTCAGGCTGACTGTGC CCGCTAGCATTACCCTCC X77689.1
ampkal AGTTGGACGAGAAGGAG AGGGCATACAAAATCAC KX061840.1
ampka?2 ACAGCCCTAAGGCACGATG TGGGTCGGGTAGTGTTGAG KX061841.1
sirtl TCGGTTCATTCAGCAGCACA ATGATGATCTGCCACAGCGT MTS518159.1
myod TTTGGGCAGCCTCTGGTTC TGCTTCACCACCCACGACA KF601795.1
myog TGGACAGCATTACAGGAACA TGTTATGGTCGGTGAAAGG KF577718.1
myf5 CTGTTGCAGTCAACCATGCT AGGAACGCCATCCAGTACA KF636496.1
mrf4 GGCAGCCTCTGGTTCGGAT GCGGAGAGGAGCACGTCCT KF781549.1
mstna AAGACAACCGGAGACCAAC ATAGCGTTTCGGAGCAATA JQ065336.1
mstnb GATTTTCGGACTGAAGGAGA TTCTGGGGGATGACAGTAAG JQ065337.1
camk TGGTGCGGAGATGTGTGAAA GAGTAGGCGACAGATTCGGG XM 026234245.1
can ACCTGGATAACTCGGGCTCT AAGCTCGCCGTTGGATATGT XM 034101443.1

T efla i KEF1: ampkal. AMPYECEE (UG al: ampko2. AMPYEALEE FIAa2; sirrl. sirtuin-1: myod. BUVLAHINE B ;. myog. WA
s omyfs. WURMER TS mufd, WUEMERAT R T45 msma. IVAEKINGEIZa; mstmb. ARG R camk. Ca®' /A5 & A E FEE: can.

A5 A 2 R o

Notes: efla. elongation factor 1; ampkal. AMP-activated protein kinase al; ampka2. AMP-activated protein kinase a2; sirtl. sirtuin 1; myod. myoblast
determination protein; myog. myogenin; myf5. myogenic factor 5; mrf4. myogenic regulatory factor 4; mstna. myostatin a; mstnb. myostatin b; camk.
calcium/calmodulin-dependent protein kinase; can. calcineurin.

F 4 ARTERREEKEBEREE X B K84 KRV
Tab.4 Effects of dietary fatty acids with different carbon-chain lengths on the growth of M. amblycephala
Kk RE TR diets
growth performance FIB4 control THE4 BA FHL OA FEEAE PA
%KMk H#E/g FBW 161.67+0.95 152.60+£10.72 163.26+12.03 168.39+3.39
R K R/(%/d) SGR 1.33+0.04 1.17+0.09 1.25+0.11 1.33+0.02
HEZE/% WGR 112.94£5.13 95.70+10.38 105.19+13.19 112.95+2.89
kIR FCR 1.75+0.43 1.41£0.11 1.30£0.19 2.11£0.89
FHHREE(YE) AFI 107.11£2.67 118.48+7.85 102.5246.35 105.06+4.50
Ak =/% DP 0.900.01 0.91+0.01 0.89+0.01 0.900.01
A EL/% VST 0.10+0.01 0.09+0.01 0.12+0.01 0.10+0.01
x5 (AMRSLIG RIS E Sk &R AL P R A AD S 00
Tab.S Effects of experimental diets on white muscle texture of M. amblycephala
Tkl diets
Jik X
texture 4 control T4 BA FERAH OA KRR PA

t#i/% /g hardness

M@/ chewiness
JeEE M gumminess
b/ (g s)
MR
FE
EE=X ¢

cohesiveness
springiness

resilience

adhesiveness

1 280.93+69.13°
150.86+8.69
364.08+15.99

1 434.08+97.88%
160.32+10.67
379.38+26.70

1 535.44481.20%
183.20+23.62
375.114£29.97

1 634.15+84.24°
178.45+11.18
389.45+19.85

—20.67+1.78" —8.94+1.37° —8.94+1.20° —12.05£1.65°
0.29+0.01 0.28+0.01 0.29+0.01 0.30+0.01
0.42+0.02 0.41£0.01 0.40+0.02 0.43+0.01
0.12+0.01 0.12+0.01 0.13+0.01 0.13+0.00

T RIEPEAT B RENE FREFORZE R B3 (P<0.05), FIH.

Notes: In the same row, values with different lowercases indicate significant differences (P<0.05), the same below.
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Je C20:3n3 & & b i (P<0.05). 5 UL [,
BA. OA J PA 4] Cl6:1 & .3 & T X4 (P<
0.05), CI18:1n9 & th 2 B AL, OA
PA 41 C20:2 & & H T4 BA 4 (P<0.05),

C22:6n3 & HIAE PA 4, HE#HETX
HEZH K BA 4 (P<0.05). 455256244 A1k 5 LA

RARWIR 5 ) 45 JC .3 22 5% (P>0.05).

6 TAINRSCLE TR 3 B Sk AL P AR BB 4E A EY 2 0

Tab. 6  Effects of experimental diets on muscle fatty acid composition of M. amblycephala g/kg
FARL  diets
iEpitice - -
fatty acids XHHEZ  control T4 BA LR OA KEREERAL  PA
C13:0 0.01+0.00 0.01+0.00 0.01+0.00 0.01+0.00
C14:0 0.01£0.02 0.02+0.01 0.03+0.00 0.02+0.01
C15:0 0.01+0.00 0.01+0.00 0.01+0.00 0.01+0.00
C16:0 0.30+0.06 0.51£0.04" 0.51+0.04™ 0.57+0.06
Cl6:1 0.03+0.00° 0.08+0.00° 0.07+0.00° 0.06+0.01*
C17:0 0.01£0.00 0.01+0.00 0.01+0.00 0.01£0.00
C18:0 0.17+0.02° 0.20+0.03" 0.26+0.03" 0.28+0.03"
C18:1n9 0.07+0.00° 0.12+0.01° 0.11+0.01* 0.11£0.00"
C18:2n6 0.81+0.05 0.88+0.11 0.87+0.03 1.06+0.02
C20:0 0.01£0.00 0.01+0.00 0.01+0.00 0.01£0.00
C18:3n3 0.06+0.00 0.06+0.01 0.10+0.02 0.09+0.00
C20:1 0.01£0.00 0.01+0.00 0.01+0.00 0.01£0.00
C20:2 0.02+0.00 0.02+0.00° 0.03+0.00° 0.03+0.00"
C22:0 0.11£0.01 0.12+0.02 0.14+0.01 0.1440.02
C20:3n3 0.11+0.02° 0.15+0.01° 0.16+0.01" 0.17+0.01*
C22:2n6 0.03+0.00 0.04+0.00 0.05+0.00 0.04+0.00
C24:1n9 0.16+0.04 0.12+0.03 0.15+0.03 0.14+0.01
C22:6n3 0.28+0.00° 0.29+0.02° 0.35+0.00™ 0.37+0.01°
S total 2.39+0.12 2.68+0.51 2.88+0.22 3.07+0.19

24 BRABELERESHR

PR R T Sy ] MRS I 6 i Ak 1T Sk dij JUL PR A 8 T
Forp LEr dE i AOE AN 23008, [ @E By
LI, St e B A LA A A A A 25 4 L 21
PR T X HRAL, ARk b s A [ e e < B g 17 TR
() 3 AILET S5k B A B3 2, WLETF 4k [R) 25 Bk L,
LEF 272 B AR N (AR T ) R RS 4e it
GEWORTE (K 7), PA YLk 5 UL 4 - 254 K it
R F KT X B . BA Fll OA 4 (P<0.05), BA.
OA il PA ZH LT A %500 | % 00 R4 B 25 18 in
(P<0.05), H PA 20 &b 2 i T H AR PR g i f2 v fin
4 (P<0.05), SUCIAIET, 2 REULEF 4 545 0 L il
R0, & IR A RURE A N R 7 T i 4 B 1
i, BUNEAR (<20 pum) LA 4 30 L) 22 0
(P<0.05); %K EAE (>50 um) JLEF 2 1) B = Lo 1)
sEAE XS B, H S T A 3 AR R R 0
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4 (P<0.05). LA, BA Fl OA A LEF 4k 54201
TE 20~50 pm A L1 1 35 5 T AR 4 (P<0.05)

2.5 BlABHMEHT T

PISAH SR Z 2R 2 [a] 1) — B WL A AEFR A ALY
B 12 BT+ A 12 B AL, R E K
ULEF 4 2540 55 DR A JEAS B o IR T AL 4
J& (SL) H a7 3k R PR B Aw th . 50 IRZHAR L
BA. OA il PA 4 SL K Ji& I 23 m (P<0.05), H
Wit 25 1 I T Al e 4 B 34, S 4 B 22 0 i )
B T (P<0.05) (5 7).

2.6 AlAFMERERIE

o) WL AN Ti) g M TR 286 R A ek o A1 Sk figs AL P
ampkol FE R F 3k 15 JC B 2 0 (P>0.05) (] 1-a).
ampka2 3 [Fl mRNA £ ik & % BA W& [ (P<
0.05), SULIEIEF, OA Fll PA ZH 4% MR 4H S 30 T
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Elhf 1

Pl aSMngiak SYEA S NS Es- g dic]
1~4 Z3 B IR, T ER4L (BA). FFRAL (OA) KAFRIERAL (PA), K2 [, MR MBBORAEECH 200 fi5.
Plate |

Transversal sections of white muscle in M. amblycephala fed experimental diets

1-4. control group, butyric acid group (BA), octanoic acid group (OA), and palmitic acid group (PA), the same as Fig.2. The magnification of the virtual

microscope is 200 times.

7 ARSI ARE LN AR LSRN TIKE
Tab.7 Muscle cellularity and sarcomere length of M. amblycephala fed experimental diets

WLET e

Tkl diets

muscle fiber characteristic

SHHRZL  control

THR4A BA FERHE  OA AR PA

SER AR (mm*/ )

average fiber area

JLET 2 i /A
fiber quantity

JUUET- 2% B2 /(4> /mm)
fiber density

Hor /%

percentage

<20 pm
20~50 um
>50 um

LA KB um

sarcomere length

0.005 8+0.00"

72.56+0.83°

123.45+1.25°

18.08+0.33¢

34.89+1.10°

43.76+1.02"

1.7120.01

0.005 6+0.00" 0.005 7+0.00" 0.004 7+0.00°

79.63+1.83° 85.35+0.87" 104.13+1.77°

130.40+2.87° 144.90£1.44° 181.96+2.74°

20.91+0.50° 26.02+0.48" 33.224+0.70°
42.07+1.05° 41.98+0.40° 38.14+0.96°
32.56+0.88" 31.39+0.70° 29.66+0.69°

1.75+0.01° 1.85+0.01° 1.93+0.01°

FEE (P>0.05) (K] 1-b), BA 41 sirtl ZEH ik
B R EE T HAMASLERA (P<0.05), RiMHFLERN
Z Ak OA F1 PA TR INAE FH B2 (] 1-0)0 A
Ivi) e e < M I 2 o 201 11 3k #5 FIL IR v msendy 36
mRNA ik &8 4G A R R FEAL, Hd BA

HHE K752 ) sponsored by China Society of Fisheries

H 5B EAC TR (P<0.05), T7E mstna JEH F %
AT MEL R MEE R (P>0.05) (K] 1-d~e). 1EAL, JIL
W myod. myog Fl mrf4 FEH mRNA ik &A%
T Al v AN TR) i B 1 g 5 TR S o ) 2 1) (P>0.05)
(& 1-f~h), T OA 2 myf5 Feik i i 3 = T4 4l
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E kR 11
WAk RN KB, Bk Brig it z 28, i1 MBI $oN 8 000 1.
Plate I

TRIMR SR TR ) Sk AL PO iE ST R R

Transmission electron microscope of white muscle in M. amblycephala fed experimental diets

The black distance between the two-way arrows indicates the sarcomere lengths (SL), the black line pointed by the one-way arrow is the Z disk. The

magnification of the electron microscope is 8 000 times.

(P<0.05) (&l 1-i). 1Akl BA. OA 1 PA % I
VT HUA R camk FERF) 3Rk &2 (P<0.05), Fif sk
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¥E % £ 19 5 a
®S 151t RS 151 )RS
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=% 10t =510 =3
= 2 82 g b b
= 5 B2 1t
o 05+ oo 05 F o
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(g (h) ()
s 25 S 20
=9 3 :
Re 20 Ff N T
= = U
=2 15} =z
= 1) N oo »n
= 38 b = 9 10
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% : %
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E1 HFkERHlAgEERMERRINTE L, EHXEFRNETRIEE
LXR4L, 2.7 R4 (BA), 3. %4 (0A), 4. A#MERA (PA). B AR/NE FRFRRZER BE (P<0.05).

Fig. 1 Relative expressions of genes involved in energy-sensing pathway and muscle fiber development in

white muscle of M. amblycephala

1. control group; 2. butyric acid group (BA); 3. octanoic acid group (OA); 4. palmitic acid group (PA). Values with different lowercases indicate signific-

ant differences (P<0.05).
3 Wik

30 (AR R R B B R 1 TR 0 5 L S
5 K ORI

TEARBEFE Y, 3 A Rl G B 1< B2 1 i 1D R U4
ot VA1 3k 675 g A= A 4 T B 2 S A b O AN R
B, TR AN T R BN B Y Bl R X B A (Creno-
pharyngodon idella) % fa A= K ¥ J0 B 250, X 4L
SRR R —5, SR, Robles %" X 4 3k
(Sparus aurata) FRIFFERD], T RREAAT B E 2T H
I E L O TR R, DEF RN 0.15%
)T TR B TE i 2 R T R ZE B (Scophthalmus max-
imus) A FEARAEN, WIRTE 7RI R,
FEOX — A FEER AT RRJE I . O T RRex
A KRS e HAT R A5, RIARDRL R T RN S A0
Fli i 2 st Je kg DR A K m R, @T
P2 A 5 o AR 1 M R 7 R i T A REAR
s A, (XA e EE IRz A . Bl
J AR 5 i TOREE A S AR TR e, A

R E K7 2: 2 E /) sponsored by China Society of Fisheries

IR B D R B AR S 1 I AR SRR FERLIR
W EZEATEEREME Y, BET, X TR EENR IR
XF Bl A 7 M R R S e A5 SRAD ARG, A S
W T XA 7 PR RE R BURAE T, (A A F
PG R A9 B ) B, B R B DL AE R AR R
HERR T R AEHUAAR N AR LD, Hwr Dhd R &
i I SR Ghrelin 43 WASE Z b i 42 00 31
MRS, BRI 00 S TR A s I 51 o AT g DG P
R . PRt IR T AR, FE s 18 4K il
F 00 RN Y PR R AE T AR K B 22 N 1t R A
PR, IR & BIAF R R S Xt B S £4. (Danio rerio)
W £ P B 5 PR A 0 R Y

3.2 R A E) R K B AR AR ER A AN N 3 ] Sk
&AL PA BE AR BR 2E AR A F2 M1

TRDELE TR 2 52 i 5 £ 2 A B i e PR 3R
ARTITJEAL, R AR AE JL DA R A T AR 32 AR A 1 R
SRAVHY B e 3 e ) v i A R R 2 Y
P, aT DUkt B SR, S BN P TR A
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o ABrgE, S5 LRI ARSI T Ak
RN R & i, JRH AT RE R A . HBE R R X A
AR I B 5 T HLARRR T RR R s tnT B
SRR, TEALR 25 5 Bl Ak K i A
e B EAT, KT T RN R X A 2 LA AL
Sy TPE R A DL, B R AT A Ry it — 25t
5% FRRERR AT LA S 25 45 T A Sk 5 LR Y C16:0
TR, FHEY R P A (Oreochromis niloti-
cus) I [ H S WF o8 AR B T 2R L85 B . sk,
Mata-Sotres £ % & B, 404 in M B B i (Seriola
lalandi) TR R T RIS AU 4% LUBITTAR , BR SFA
(FZIE 16:0) LISh, WLAHZFEAR KRR E Tt
TR IR IR AL . X5 RA 5,
JE PR AT R 5 556 S0 W 1) R A BB B A A G
WHINN, AIEHEA WIEMES IR FR I C16:0 A
C18:0 BE s, JF HAE LA A9 fEAL T nl it
— 4 Cl6:1 B2 C18:1n9 &5 5 i FR 28 U BY ) 7
ARG, WINT R . FRR . FFfEm E E T T
Sk LA C16:1 F1 C18:1n9 7 &, 3% f] fgJ&
AN [ R K 32 B 7 1R 1940 e 73 o AL P 4 A0
HOECE S RN [ e ED W N R SR NG A
PR IEFIME R, IR PERETE AL SR, fRek
A5y — B B R sl B 1 R AT AR I AR R, (A
BEREME, JLAH C20:2, C20:3n3 K C22:6n3
MR S ZE AR R AR R B B Tt kb id
g J5 TR B0 R I in 1 e P A A R R ) A
W, SIERIE, C€22:6n3 (DHA) if & X ARAT 26
(A W R ZS A, IR L FHAS [R) R K 8 g 7 72 ]
AT DU S50 12 £ PR B 7 R 2 P A 7 i, o R N
X FRBE i R R . AT, ARREE K S
05 R AE S A= 7= R R, AR 12, AN ARl
JE R R e 25 LA i TR R R THIILIA 7
I it AR AL AT A it — 2D R 5T
3.3 AR A E R EE K B AR B ER A0 AR 0 X ] Sk
SR 45 M RO 22

2R B LR R B Y R PR IR
SR, AR BT B PPAL DR — TR e TR . A
M NFER R (il . fbFdl k. B Rg &
A PeE R, b T R R Y 2 R 1Y
BEEFRPEY . Choi 4859 B, 1Py BT dh 5 JILEF 4k
FRE B UM G, B BT WLEF 42 5 | R AR
K AR AR S R AR S WLET 4 % 1 0 B kP,
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JULET 4 %% B 40 2 T LA 2 850 FILER 4 KNS
B, 50 FIH R S ARG I LA 4
AR A AR SR 2 e, BNV
EF A R B B Y 0 TR AT R B R
ABFFE T, AR R AR R A A 0 B S R T
B, X TR A R R 3 o 4 T A1 Sk 75 LT 4 %k
TR E | BT 34 WLEF 2 At e AR A L [V H
SCPRT X £ PR S A 203 . Johnston AE 7 7EXT L
KVGHEAE (Salmo salar) WD ANE AR KB, &
WLET 4 %5 5 1) fa (R AT 38 4 1 B b A5 M . Hurl-
ing A5 P A - 4 L2 A Ak A AR RN, £ PR
B RAF R S B T, XSRS ARSI 45 R —
o HUFEAS, AREEMES YRR R B R
JL W DL EAR<20 pm JILET4ERY Ho vk 2 LN Y AR
KR, ARBEFEH, TR RS K B 5 1 R
BTN B AR TE T B AR <20 um LEF4Eny s, X
FNUEF Y b F 55 16 BRI A= KA P, Sl 3l
VIR, (a2 m 8% LnT DA TR B S 80 LEF 4 A9 AR K
FREAR R, AR BRSE K B R B R 1 3% e F
TS E L B 5, BT LA X LET 4k 455
SFEVER

WL S ILEF 2 i 4 1 SE A D RE JA0L . B ST
R, UK S ALAWOE ZIEADC, BIML K
FEBR, LA R . Herring 259" X Eb T 293K
MEHBRE TR KER KM, DB
A RO R o 8 55 PR AR PR I 3 SE M AN W]
HBAV AL PRI BB S 25 4 5 PR B 1) 56 R A5 31 T A [
5. X5 W RE AL FL2E ™ R E
TR -8 A5 D, W KEATR. ¥
FAFHR R A VE T S 253G, f0 p  5n ZR d
AT BE Y i B IR 7 R AR 1 T L5 5 FE A T 1 € e
AR, AL AR oA AT R s 1 R
PEFE T AN Ca¥ MR B, IR T LES &R R Ca™
SEARCE, [ERESNE, SERMALSA
) ZE WO M AR B, T 9 A R A TR B
S S ] A0 A ) Y R, AS TRk
B2 A 17 R R A1 K 675 81 DAY ot JBE 1 i 2 A I 7 TR 1Y
WEAL 5 R B P $2 T, SCBLFE WO B e . N [T
BER L IR TR KT WLET 4t 2 B B 255 5 T 0 4035 £
A o A B AE T, EE BRI AL A o ifE—
ARG

3.4 R R A [E RE R ERAN AN 3 ] Sk ER AL A 4 %
B HHXEE mRNA BT

JILIE P 98 75 X7 (MRFs) #1445 myod. myog .
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mrfd F myfSU, B RIS B B 46 1 1] 8 6 AL
AR E B RY, SaNGREDIMHEG, &
MRS A 25 RIA B AR5, myod
myf5 TENLA & B 40 T A LD R 1 A 6
JE W B myog F1 mufd 2 [F] A HH LA M A Rl 5
SrAEDiRe™, JRAE L, Y MRFs B S
KEHEIFAEL R, BT MELE . 4K
BAENTHERWERS, W] a2 E IR K550
S R P4, Huang 48" % 90 g bt id o -
VA A Sk 85 LA H myog . mrfd Fl myf5 ik 242
Ak T4 X T . HIEH (Cyprinus carpio) 1)Kk
1 n-3/n-6 i i R Lb 451 i) A2 Ak B 12 5% e LA Y
myod FIR ™, ARG, SE R A S A
T myfs Z 55Uk L B ISR, W
myod WFH X5 B AT 32 B A [R] B B 1< 8 I M iR
B2, ATRESE R S myS B EDIRE DA AR TR
B X, Ay DL o IR iR g A 2 LR 40 A Y 23 1k 2
FER. 2 myod Feak BB I, myf5 H B TACEEE
Feik, D TIF AN A1 Sk 655 L PR Y 2 i AR LY
SR, e b A [ i 4 B i I S o
T myog Fl mrfd LAY Kb E, REER
JER R, XA RS A Sk W LR 4E & B AR F) Ik
BT, B 2 R ATHAL T VL2 Y B i B
Ko YUYt F LT oA/ G e, mys 5
myod i HEAHANGE ST, [FIHS myog Fl mrfd 151
IR BOAARIER, BARNLE4E & & P ik B BeAl
Wit — DR, WAL, WLAERKIIHEIR (msm) &
HZEA GO D, R 9 o S - LAY A
KAEH . BRiFHAZHEARTFBAESS, mstn 1
TEBE Hf01 % B o A oG LA 2 HLAG 3 A s A KA
S, AR5 H, T ERUL mstna 3 H R IKFEAL,
X 5% WLET 4 9% FE T3 /INE AR (<20 pm) WLEF 4
Le B3 a5 RARAF . DL X se g5 AR TR
[) e e 1 5 i U7 T A WL ET 2 R 8 b 8 A R 5 2
g fE AR H

3.5 (AR A [E) BB BT ER AN N X Bt = R FIB B 4
X AMPK/Ca™ £ [E mRNA RIS

AMP 8 (1) 35 118G (AMPK) 7E A LI g
AR, HA TE AN K TP R i
ikt . #idiz 2 ol B AN SR s fE
AMPK FEA5 1 98 Ak 52 BT 7 408 i) 3 4% 14 9
HrP st a5 8 L g™, Sirtl J& AMPK {5 53
P EZN T, AR, Sirtl XE
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I 0] FH A FRE F 1 34 D 380 i A s BB B i B
Wang %" & # DHA 7] )i if AMPK/Sirtl i& 72
JATT MRFs (142 25 1 52 i ILET 2k () 34 58 5 74k 5
T R A 1R MR T3 11 FA Sk 5 S AR 40 i i AMPK %
Sirtl & K P BEInY, X Wt ERE, B
1% (1945 AR DL 3 AMPK. 4 40 it v NAD 1Y 55
TR, B — B0 TR U B AR BOUE T R
(Sirt1)", CAM P 5 5 i 51 76 B A% LD g v ke
HEAEH, BAH ZIReHE T LSS LA IR,
15 ] 2% ARG P £ VR (CAMIK) S 3 i 22 PR
fity (CaN) il 1 2J) VE H {37 72 SRR N 41 i vh 19 Ca™ Uik
FEARAR, SRS, XA AR CAMK G
CaN HF 1fij & 3 2 s R4 LR & 5 FE K A R R,
AMPK 1 Ca® i 19 17 5380 25 2 5% 1 IR 2L 21 40 L
YRR R ERAS, AT, "RT
PR TS INEE T T ampka2 T sirel 3£ mRNA )3
s, WS HOE T AMPK/Sirt] Gl % [REEAR[A]
e 4 FE TR I R AR TR 2 3 08 T camke 31K B AH
Xk, Ca M Y15 518 B 2 IR IR A
SN, AR AN [ e 1 B B R 1 S n 4 a2 T
VA Sk i LAY 1) 25 A AR R R, X — PR ML AT
fig 38 it AMPK K Ca® {8 11 {5 -t 2L [m] 5 R
HTl, AMPK f Ca® i i) 5 5 3 I 7 fn S LT
YR B LR, AR 2R 5 e £ 2L
21 4 KB L S AT A RN RS

4 ZEp

gibprik, WR TR . ERR . ARRIR A TR
Jna] 6838 3 AMPK Fl Ca> 6 (1) 15 51 5 412 T ]
St LA BT . LT 42 B DL SN AR LET 2
(<20 pum) FEf, DI SEERRE AT Sk A UL R ot o ) e

(14 B AT L EFr g & Al s K )
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Effects of dietary fatty acids carbon-chain lengths on growth, muscle fiber
development and meat quality of Megalobrama amblycephala

WANG Xi, XIAOKang, LIU Wenbin, DAI Yongjun, GUO Huixing,
WANG Mangmang , LI Xiangfei, ZHANG Dingdong, JIANG Guangzhen

(Key Laboratory of Aquatic Nutrition of Jiangsu Province, College of Animal Science and Technology,
Nanjing Agricultural University, Nanjing 210095, China)

Abstract: Dietary fat is an essential nutrient for fish growth. The appropriate sources and levels of fat in diets can
not only meet the normal energy metabolism and physiological needs of culture fish, but also regulate its growth,
immune, and reproductive performance. At present, a large number of studies on the utilization of fat sources in
diets indicate that the demand for different fat sources in fish is essentially the demand for different types of fatty
acids. Fatty acids are diverse and widely distributed in nature, and the absorption and utilization of dietary fatty
acids by fish often vary depending on the length of the carbon chain. Previous studies have shown that the effects
of fatty acids with different carbon chain lengths on fish are mostly concentrated on growth and development, gut
microbiota, and lipid metabolism. However, there is little research on the effects of muscle fiber development and
meat quality. Therefore, it is necessary to explore the mechanism of action of different fatty acid lengths on muscle
fiber development. Therefore, 108 healthy Megalobrama amblycephala with an initial average weight of
(77.89+0.81) g were selected and randomly divided into 4 groups with 3 replicates each, and were fed with basal
diet (control group) and butyric acid (BA), octanoic acid (OA) and palmitic acid (PA) instead of 1.5% soybean oil
for 8 weeks. The results showed that the addition of fatty acids with different carbon-chain lengths had no signific-
ant effect on growth, nevertheless, it could significantly improve the adhesiveness of muscle, the number of muscle
fibers, the proportion of smaller muscle fibers (<20 pm) and sarcomere length compared to the control group. In
terms of gene expression, OA significantly increased the mRNA expression of the myogenic factor myf5. BA can
up-regulate the mRNA expression of ampke2 and sirtl significantly, while down-regulating the myo-suppressor
gene mstnb. Camk, the key gene of Ca*-dependent signaling pathway, was also significantly elevated with the
increase of the carbon-chain lengths of fatty acids in feed. This study showed that the dietary fatty acids with dif-
ferent carbon-chain lengths can effectively achieve the enhancement of muscle fibers development and meat qual-
ity of M. amblycephala through AMPK and Ca’*-dependent signaling pathways. This experiment provides basic
data and theoretical basis for nutrient regulation of fish meat quality, and also a new pattern for nutritional

enhancement of fish meat quality.
Key words: Megalobrama amblycephala; fatty acid; carbon-chain length; muscle fiber development; meat quality
Corresponding author: JIANG Guangzhen. E-mail: jianggz@njau.edu.cn

Funding projects: National Natural Science Foundation of China (32273146); Jiangsu Agricultural Science and
Technology Innovation Fund [CX(21)3161]; China Agriculture Research System (CARS-45-12)

https://www.china-fishery.cn HREK P24 )5 sponsored by China Society of Fisheries

16



	1 材料与方法
	1.1 实验设计及饲料配方
	1.2 实验动物及养殖条件
	1.3 样品采集
	1.4 测定指标
	生长指标
	饲料成分测定

	1.5 肌肉质构
	1.6 肌肉成分及饲料含量分析
	样品脂肪酸提取
	标准曲线建立
	样品脂肪酸含量测定

	1.7 肌肉组织形态分析
	1.8 肌肉超微结构分析
	1.9 基因表达
	1.10 数据分析

	2 结果
	2.1 生长性能
	2.2 肌肉品质测定
	2.3 肌肉脂肪酸组成
	2.4 肌肉组织形态分析
	2.5 肌肉超微结构分析
	2.6 肌肉中的基因表达

	3 讨论
	3.1 饲料中不同碳链长度脂肪酸的添加对团头鲂生长的影响
	3.2 饲料中不同碳链长度脂肪酸的添加对团头鲂肌肉脂肪酸组成的影响
	3.3 饲料中不同碳链长度脂肪酸的添加对团头鲂肌肉特性的影响
	3.4 饲料中不同脂肪酸添加对团头鲂肌纤维发育相关基因mRNA的影响
	3.5 饲料中不同脂肪酸添加对能量感知通路相关AMPK/Ca2+基因mRNA的影响

	4 结论
	参考文献

