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A= R A =S T AW |5 iR 0] ST
%, THUEHE], RELlia, Wz aRmimEz,
TG W o A R IS AT et e B %
AN E A KAV S, (A2 %k
0 ()5 R WA o AR SE B AR ADRL R B AT ok
EmaBAeammE ., 1R, R & TS0
(IEIN T Wl /45

SR Y T A A7 B TR 3Rk i S
WA, 33X A P ) T AR A AR A TR A B AR LR
JVi i (lipoprotein lipase, LPL)J& fig i 1€ 15 Y O
fitg, HAEARAL G E i RILKY, HIEY
M) 32K 46 28 68 Bl JOT %) e SR A, ) 42 T A B
Fr AR AR, DT B2 e AN HILAA 1 B BT AR
LY, LPLI R B A AR 74k, 5Pk
(%) i BT AR 25 DDA DG S SR R i S il (malate
dehydrogenase, MDH)TE 21 ¥ 4% PN 16 37 2 i
AR NNEAER , I 774 NADPH (nicotinamide adenine
dinucleotide phosphate), T NADPHE 3l %) {4 N g
[V G R ) B A, DN s MDD HE R A IR D G K
R B R R ZE AR H AT LPLAI MDHAE N
F IR0 4 AR D DCAR B B e A il , HAELL
U I N B TS I i B oS R 1N S 5 s N =7
05 PR A A AR 45 G, AT LA S 4 T A AT R A )
HLEE

ARSI LALL % ARt gt b g2, BF SR AE AR
ABE b s AN 6] B 0 AT e on L A2 Ak R A
WUPRE 5 85 . G 7 R & 1t DL S s 7 IR AH O Kk
R R IE Y 52, R )2 YR D ARDR s A e A
LB R IR T I EAN (E -

I R SRS RES

1.1 LR

21 % HE fa 4 B E P E K R BRI 5T B IR
TRV A 5T O B S

SEGHTYIE U . BRSSP
Wifh, HohSHl, HAHAINEE, BN MEE20E,
SR T (7.07+0.01) g/JE . % 35 A o [l K
FERARF AT B IR K L B 5T FP O M SE AR
PR AN ) v BE AT e Ak}, g R R 41K (08:00
11:00, 14:00F117:00), F a4 i & (1) 5% MR &,
SIS JE 60 do R KR B B TR R I 3K
JKIR(08:00, 11:00F117:00), #4525 F& 11 6 B

JL M 18~28 °C., 2 & 1% fa 1R o &,
W,
1.2 SCIRER

MR 21 % A fa &)y £ 1) 8 37 75 BT S iR
RE, SERR DR ORI AT s L R X R AL, SEE
K BB 0.5% ., 1%, 2% 4% 77T 5
wmEE R, AT R 0K 536.39% . K 514.19% .
[ E 1589.32%, #JF0.521 g/em®, pH 7.56, 3
181265 m*/g) N 77 I 24 35 M e Tl A B2\ =] it
S R JEURL I [ 3 JE R R AR A BR A W TE
SYANEL, ZYE . 20 0B R RS P AR (8
ABRAFEISEE . BT R IS 1L 60 H i, 44 L
BIFR R, IN14%MK, RS ILMOR S, e s
T, ARAELE-20 °CE A . TPRHEC T B4 i 2R 1.

1.3 HARE

SRAETT24 hisE 1B WL, ACIAE Rl ATL IR %
i, RIS A O0.1 mg/L T &M A KARH, Bk
PR Je BURE o FH IV 2R b 488 790 1 ok 2k 1) — WP 1
SRR M mL, BABUEE S, 754 °C,
7 500 /minZ&fF T B .004 mim, /NGO UCE R I0E
F A B LA TH-20 °CIRAFE, Foil 2 je 5 B
EBNLA sr2e e/ A EH48 80 °CIAfF . HL-80 °C
UKEHRAFBINLA,, 7ER R TEEDL R R, BFES
R R
1.4 MEFHZE

A 7 B 7E bR RS A LN
B e A, A4S ) L3R A b FE A A 38 5 T BE
ZAMF(ALT) . R A M (AST) . FLER W & i
(LDH). IML#E(GLU). Bt W R i (ALP) . 4% = Ik
LK (GGT) . M (TP). A HE E(TC)., &
e & B E BE(HDL) . H 3 =& (TG), 310
TFE PR

T AR A 6 M IR sy 3 N ]
B RS TR . KA FE R TR A,
K IEGB6435-86; KA. FH df b Ky ke kil a2
WK I GB/T6438-2007; ML M. FHBLK & &L
E, WKIEGB/T6432-94; MUIGHT . HREMEEE
ME, WIBGB/T6433-2006", 5 B2 & & i I
Bl S 3% 1L (GC5890N), K HEGB/T17377-
2008 AH 03 VA I A o

20 22 RNAZR BX AR A — SLRNA
PO & F Ul I P AT AR . PR EUH AU RNA

LA
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Tab. 1 Feed formulation and nutrient component o,
WiH 27 groups
items X 05% 1% v 4%
control

R4
ingredient
iy 10 10 10 10 10
fish meal
TR 3 3 3 3 3
peanut meal
R 20 20 20 20 20
soybean meal
S 15 15 15 15 15
rape seed meal
kA 12 12 12 12 12
cotton seed meal
NZZVER 16 16 16 16 16
wheat gluten
K 7 7 7 7 7
rice bran
i 6 6 6 6 6
soybean oil
3] =py 2 2 2 2 2
phospholipid
Yk, ZH* 1 1 1 1 1
multidimensional ore *
ek 1 1 1 1 1
zeolite powder
DC R 55 5 45 35 15
microcrystalline cellulose
TR — 54 1 1 1 1 1
calcium dihydrogen phosphate
ferEFRC 05 05 05 05 05
vitamin C
TR 0 05 1 2 4
bamboo charcoal
JEARZE 5y
proximate composition
KA 4.193 4.070 3.615 4.710 5.987
moisture
HEA 35370 35.570 34.237 34.211 34.601
crude protein
sl 8.637 8.090 8.147 8.114 7.565
crude fat
Koy 8278 6.802 7.624 7.209 7.305
ash

i x 4EAE R FUREHIUBimg/kg) FIA ) 5 TR B g/kg TR L), 4
A3 A 900 000 TU; 44D 250 000 [U; 4EEKC 10 000 mgs 4E4E
%KE 4 500 mg; Z4EA4EK, 220 mg: 44 KB, 320 mg; 4E4EEB,
1090 mg; 4EE B¢ 5000 mg; 44 EB, 116 mg; AEYE 50 mg;
IZEREE 1000 mg; MEE 165 mg; FABH 60 000 mg; ALEE 15 000 mg;
#E4E &K B5 2 500 mg; CuSO,-5H,0 2.5 g; FeSO,-7H,0 28 g;
ZnS0O, 7H,0 22 g; MnSO,4H,0 9 g; Na,Se0; 0.045 g; KI10.026 g;
CoCl,"6H,0 0.1 g

Notes: *. vitamin premix (IU or mg/kg) and mineral premix (g/kg
premix), vitamin A 900 000 IU; vitamin D 250 000 IU; vitamin C 10 000

mg; vitamin E 4 500 mg; vitamin K3 220 mg; vitamin B, 320 mg;

vitamin B, 1 090 mg; vitamin By 5 000 mg; vitamin By, 116 mg; biotin

50 mg; pantothenate 1 000 mg; folic acid 165 mg; choline 60 000 mg;
inositol 150 00 mg; vitamin B3 2 500 mg; CuSO,-5H,0 2.5 g;

FeSO,4-7H,0 28 g; ZnSO,4 7H,0 22 g; MnSO,4-4H,0 9 g; Na,SeO;
0.045 g; KI10.026 g; CoCl,-6H,0 0.1 g
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155 FH M 3R 9 66 3 (ND2000) I ODfE ,
HRNAWE , JFE2 pLH AT, HARNAMA
—80 °CUKFIIRAF ]

cDNAS A, cDNAS —ff 1 & BU™ 4% 4%
& PrimeScript™ RT Master Mix & % st 7 & 11 U
B R EATERAE, BT 0 R SRR T B AE UK
k4T, f# H PrimeScrip™ RT Master MixiE 17
cDNAG B R W& % : 5xPrimeScript” RT Master
Mix (for Real Time)2 pL, Template RNA 3uL, #k
FtRNase Free H;OZ 10 uL, A 45 37 °C 15 min,
85 °C 5min, /54 °CIRAF RN W& RAFE T
20 °C#H .

gzt LR S IR H S,
W2 SE K B-actinfE X HE . S ¥ A TAEY T
()R AEBRA R AR, 5I9ERB %2,

FE K KEZEPCR  MRIFFE-20 °CUK
8 B RE S cDNASE BUR P il B — 5 1 cDNAE
W, JNAE i AU RNase Free H,OFfi B % 150 ng/uL,
i 2T i CDNAVR B — 3, DU cDNASE — %4
itk , HTaKaRaZs m) 4" 1JSYBR® Premix Ex
Taq™ 1A G HEAT 90 T, SR A R
920 pL, H P B cDNAYS —452 pL, 2xSYBR®
Premix Ex Taq"™ 10 uL, . TE5I#451 ul,
ROX Reference Dye 11, ddH,0 6 uL, MDHFEH K
KRR 95 cCHIZEME30 53 SR 95 °CAE M
5s, 61 °CiEk30s, 72°CHEAH130s, 40 1EH.
Xof T AT AR FE I A 3K, I X g A S B A T
XF R LPLEE ALY 2 0 A ¥ 95 °CTAE HE30 55
SRJG 95 °CAEPES s, 59 °CiE k30, 72 °CHEAHI30s,
4O IR o T A REAR T IN A 3UK,  FF X A A 5
55 BF % B
1.5 HIELLTE

FH27 2L 5 H Y 3 I mRNA R A X 2% 35
K, UhB-actin: R AR AT RRHEAL . S2 505
i HISPSS 17.084F #4753 1, R HIANOVA#EFT
25 HT, B 25 8%, W A DuncanfX kb
B, @R “meantSE”F N, EF T EMEL
P<0.054 1k, Jir A 18 R HExcel 20074

2 4R

21 REMRFMEX IS oL e mEE
3B AT HO B0

Py 5% ML PR O PR R B E R
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Tab.2 The basic information table of the three pairs of primers

FEH S19F5(5'-3") PCR™) FZ/bp
gene primers sequences PCR product length

LPL LPL-F AGAGCACACTGTCCCGAGGCGAT 240
LPL-R AAGGTGCCTCCGTTGGGGTAAAT

MDH MDH-F ATGTCCACCACGCTAAGGTC 179
MDH-R GTGGTCACAGATGGCCTTGG

p-actin p-actin-F GTACCACCATGTACCCTGGC 224
B-actin-R TGAAGTTGTTGGGCGTTTGG

AL H0.5% . 1% BE 24 9 AL TS M L0 IR 41
i 3 FEAR (P<0.05) . 5641 A9 ASTIE 1 Hb X B 41
B EFEAR(P<0.05) . 1%ZH i ALPTE 14 Lt %) B 20 5
F T (P<0.05), TP Z [ HA W FH %R
(P<0.05), TEATHURE 1% Fe i, R EE0.5%0 #5
ik TGHRITCSL K2 b Xf HE A . 35 P AR (P<0.05).
HDLE % A7 ¢ e B 1 38 hin i 3% 7+ &5 (P<0.05) 6
1% I GLU 5 X} 8 20 3 A5 e & 1 22 5% (P>0.05),
A S 56 40 2 T B4 (P<0.05), 0.5%4H.
1 GLUK =1 (#3).

22 AERAMEXARERE RIS

TR s AT B e, SER A LR K A
FRREAR, AH A 1% 47 5 ik 1 40 I 241K T X B
(P<0.05); SXTRRAHMLL, 1%. 2%M4%1T i
Ab PRZERL AR 1 i 0 SRR (P<0.05), 1% F14%2
50.5%4 1t A 03 125 5 (P<0.05); AR &

XA YA LA, B 1%M4%4 5%
WEEH DL S 0.5%FN2%2H AH e 2 2% 1 | F+(P<0.05);
LR A 4 ik b B2 5 0] B A L 3 T
(P<0.05)(#4).

2.3 ANEFRAMEX S BERLE 57 R0

LA s 160 11 I 1 2 (saturated fatty acids, SFA)
) 2 St B P o S OIS T 14l TG S22 B T R
EH, B A% AT Bk BELH 5 X7 BRZ AR A
35 R 22 5 (P<0.05); £ Ab 320 55 0 A ZH 22 [H] 1)
S B AR TR I BR (monounsaturated fatty acids,
MUFA)JC i % 1 22 5 (P>0.05), {H 1%H14%4 5
AEFRZH A C22 ¢ 15X IR A HE B 3 TH(P<0.05);
S A 5 % A 1 5 22 SRR 195 2 (polyunsatu-
rated fatty acids, PUFA)JG i % P 22 5% (P>0.05), {H
A% BALBRZE A CL8 = 2HIC18 = 3n35 XF R4 A

®3 TRMRFTMEMLT & L& MFE LRI

Tab.3 Effect of different dietary bamboo charcoal levels on the serum biochemical parameters of

juvenile O. mossambicus x O. niloticus

5 groups

MIEFRFR

serum index X control 0.5% 1% 29% 4%
ALT/(U/L) 28.667+0.333° 13.333+0.667° 15.667+1.202° 27.333+4.177° 29.000+0.577°
AST/(U/L) 350.667+0.882" 226.000+1.528" 116.000+1.155¢ 164.667+3.756° 102.667+0.882°
ALP/(U/L) 4.000+0° 4.000+£0° 5.667+0.333" 2.333+0.333¢ 1.000£0°
TP/(g/L) 35.333+0.120° 32.067+0.067° 35.800+0.208" 33.867+0.033° 32.833+0.088°
TG/(g/L) 11.933+0.027* 7.000+0.006° 7.043+0.019" 6.150+0.021° 6.453+0.347°
TC/(g/L) 6.280+0.010° 5.400+0.026° 5.950+0.045" 4.887+0.043¢ 5.540+0.025°
HDL/(mmol/L) 1.140+0.090¢ 1.403+0.012° 2.337+0.019" 2.277+0.015° 2.713+0.015*
GLU/(mmol/L) 6.220+0.020° 11.130+0.049" 6.253+0.027¢ 9.593+0.087" 8.160+0.067°

e W ATERARNG FEMARA B35 %2 7(P<0.05), T

Notes: in the same column, values with different small superscript letters means significant differences (P<0.05), the same below

http://www.scxuebao.cn
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Tab. 4 Effect of different dietary bamboo charcoal levels on the muscle nutritional components of

juvenile O. mossambicus x O. niloticus %
o 485 groups
”
composthion FH control 0.5% 1% 2% 4%
/K4y moisture 77.69+0.14° 77.00£0.48™ 76.53+0.12° 77.07£0.11% 76.93+0.33®
FEA  crude protein 17.60+0.12° 17.40£0.31° 16.68+0.17° 17.05+0.10™ 16.88+0.18°
MMM crude fat 1.06+0.02° 1.23+0.14° 1.97+0.12° 1.32+0.07° 1.89+0.13°
K4y ash 0.89:£0.02° 1.05+0.07° 1.13£0.03" 1.14£0.01° 1.19+0.04°

o @3 B TF(P<0.05), 1% mAaEBIZH0C22 - 65
Xof MR ZH A L S 35 AR (P<0.05); SXFIRALARLL, 4%
AL 320 (7 S AS 10 AR I BR (unsaturated fatty acids,
UFA)E ¥ A T ETE, 0 EUH 4% A PR Y
SN FIRG B7 R & i 2 1 TH(P<0.05)(35).

2.4 RPN E X B W AR X B E R A
SEZ0

B 5 TR AT R S I BN, LPLIE A )
Tk A A A P, B EEER
(P>0.05)(K11). MDHZFER 11 3¢ 3 2 W & A7 o He il
RN =G TR S, FAREE
BN B BT BT T, AR A 1% A Je ik 2
2 5 6) HEZH A L B 3 19 (P<0.05), LAt 45 Ak 2
255 0 HRAH AR L 35 0 i 3 1 25 7 (P>0.05)(K12)

3 iR

31 ARMRAMEMLTIEELYE I E
&tk

MR A5 AR AR EDR A | iR K
SERAE OGR4 R A Bl A B, A T E
FLC WLANAE 32 5, ASTHRIALTRE 2] i 38 ok 14
P P . EUUBAEN RS R, R
TR He A7 7% (281, 5.62, 11.24 g/kg)i & ik 1a]
LB B S RRARSC S0 4R BUWALTIG P, AT 9
SV S TN 2% T A% 4 35 Ak ) e ] R R 4% £
Xof LT ALTIE P g 5 o AR SE 6 o A )
WS INAY 2 ok M 3 I VA R, ALTEEAT
BEWTEN0.5% . 1%I} H X IR 4H 5 2 AR (P<0.05)
2% MA%I A BE S, H5EJUHE R
B SFEPI FE 25 R — B, S A ASTIR A
% 25 5 (P<0.05), Jf H 5250 4 A 6 F X BE 2

http://www.scxuebao.cn

FHREAR(P<0.05), b B ARDR} b o8 AR Ve B2 A7 e 7T
R Xt 21 W A fh 4 f 0 I — 8 R BE 1) PR B T
Ao BRVEWEIR G H S SRR A ik, Xt
Y 3E N PRSI A A AR KB PE Y, AR S iR
T0.5%A7 e 24 %F ALPYS P AT 5210, 1T 1 %2 ALP
TG T, BEE T R B AN, ALPE 7%
i PR LA T X IR AL, X 5 AP g
1%2H ALPTE 1 7 T 2%41 B 45 SR AL, HED A7 2%
XF ALPIE P 1 52 e 55 v B2 A5G

M P EE . Hm = s . R A AL
A 11 A (kB R A 32 Oy T K HE R ELORAE TP
MR A B TR T LR I S e K- 0O, Rl
M3 P TPAY & B 30~50 g/LP7, ARSI b TPA
HRRES N EMEEMEERLWEN, 44
BoonanuntanasarnZg "WJF 5% A 18 i el B 3 44 B 1 L
B, Je % B Ak i SR 2% R 3% 5 2
fiK, 4RGSR, HE AT X BE A
5 R RE S5 AR P TR G o AN [R] B 590 e A
WHEAEHAAEZS, WEER M T 5ok >k U5 A AL
gy, VA SRS AF RN fa b i 25 S i B, H S
SEREARA SRR 2RSS, MTREmAdH
= ER AR T X R4 X S E U AR I
KT AR S H i H i = R AR — 2, U
AT 1< RE AR 2 B I A W i Ak . v B R B
Vg JEL T3] B DA S T 0t i 36 2 a B R, X e 30 Tk
SRR RE AL AT B AR ARSI A s 4
(I HDLIE P W 3 T X B, BLIA AT s it i oh
WkAEAA 254k o 028 TE 1% 42.78~12.72 mmol/
Lo I 33 [ P ot A - v 16 1D £ 443 Ak W2 i g
S RN NS 13 8 7 N ] I = R M 4
2 A B Y A HR A R, U B AT e X £ A T
A A R AR o
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Tab.5 Effect of different dietary bamboo charcoal levels on the muscle fatty acid profile of

juvenile O. mossambicus x O. niloticus %
e 5 groups
fatty acid X control 0.50% 1% 2% 4%
CI2:0 0.048+0.008" 0.032£0.005" 0.039+0.007* 0.0210.002° 0.023+0.001"
Cl4:0 1.375+0.063" 1.465+0.095™ 1.553+0.021° 1.343+0.080" 1.334+0.015"
C15:0 0.1310.003 0.136+0.012 0.137+0.004 0.133+0.005 0.139:£0.002
C16: 0 19.447+0.359" 18.881+0.168™ 19.327+0.464° 18.327+0.184" 18.30120.170°
C17:0 0.247+0.006 0.260+0.032 0.258+0.013 0.265+0.017 0.264+0.004
C18:0 6.561£0.194° 6.283+0.180" 6.33440.090" 6.447+0.130" 6.061£0.067"
C20:0 0.2070.001" 0.201£0.003° 0.215+0.003° 0.215+0.006" 0.229+0.003"
C22:0 0.117£0.002" 0.115+0.004¢ 0.128+0.002* 0.119+0.005™ 0.130£0.004°
SFA 28.134+0.234° 27.373+0.165" 27.991+0.510° 27.516£0.296" 26.482+0.222°
Cl6: 1 2.360+0.135" 2.410+0.132" 2.545+0.093" 2.214+0.083* 2.14140.061°
Cc18:1 26.977+0.461 27.816+1.399 29.391+0.672 27.369+0.677 28.304+0.233
C20: 1 1.017+0.041 1.0940.048 1.105+0.026 1.114+0.028 1.095+0.026
c22:1 0.190£0.007° 0.196+0.006™ 0.210£0.004" 0.198+0.003" 0.217+0.001°
MUFA 30.544+0.528 31.515+1.574 33.2510.787 31.16620.775 31.757+0.208
C18:2 25.798+0.261° 26.486+0.429° 26.174+0.601° 26.660+0.399° 27.958+0.071°
C18 : 3n3 1.952+0.028" 2.053£0.075% 2.035+0.049" 2.027+0.018" 2.170+0.008°
C18 : 3n6 0.844+0.033 0.841+0.051 0.875+0.036 0.843+0.005 0.829:£0.044
C20:2 1.182+0.051 1.212+0.056 1.099:+0.042 1.270+0.070 1.224+0.040
C€20:3 1.235+0.092 1.253+0.186 1.103+0.044 1.178+0.068 1.200+0.015
C20: 4 2.025+0.166 1.820+0.331 1.582+0.119 1.847+0.096 1.648+0.095
C20:5 0.205+0.013 0.1970.030 0.172+0.008 0.199+0.013 0.192+0.012
Cc22:3 0.988+0.075 0.930+0.151 0.797+0.066 0.888:0.040 0.820:£0.040
C22: 4 1.936+0.157 1.703+0.311 1.359+0.108 1.749+0.078 1.588+0.075
Cc22:5 0.749+0.031 0.703+0.104 0.595+0.036 0.722+0.046 0.647+0.017
C22:6 4.408+0.253° 3.914+0.755* 2.967£0.208" 3.997+0.282" 3.485+0.136"
PUFA 41.322+0.703 41.111£1.491 38.758+1.047 41.316£1.065 41.76120.299
UFA 71.866+0.234° 72.626:0.166" 72.009+0.509° 72.482+0.295" 73.518+0.222°
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Effects of dietary addition of bamboo charcoal on muscle fatty acid composition
and lipid metabolism related genes of juvenile red tilapia
(Oreochromis mossambicus x O. niloticus)

TANG Dan', SU Shengyan’, ZHU Wenbin’>, WANG Lanmei’, SONG Feibiao ',
DONG Juanjuan', ZHANG Dan', DONG Zaijic ">
(1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China;

2. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization,
Freshwater Fisheries Research Centre, Chinese Academy of Fishery Sciences,
Ministry of Agriculture and Rural Affairs, Wuxi 214081, China)

Abstract: In order to investigate the effects of feed bamboo charcoal on muscle nutrition composition and lipid
metabolism-related gene expression in juvenile red tilapia, the healthy juvenile red tilapia with an average body
weight of (7.07+0.01) g were randomly divided into 5 groups, with 3 replicates in each group and were kept for 60
days. The quantity of bamboo charcoal in the feed was 0%, 0.5%, 1%, 2% and 4%, respectively. The results
showed that: the activity of ALT in the 0.5% and 1% groups was significantly lower than that in the control group.
The activity of alkaline phosphatase (ALP) and serum total protein (TP) activities were significant increased in the
1% group. The aspartate aminotransferase (AST), triglyceride (TG) and serum total cholesterol (TC)
concentrations in the experimental groups were significantly lower than those in the control group. High density
lipoprotein (HDL) increased significantly with the increase of bamboo charcoal concentration. 1% bamboo
charcoal group muscle moisture content was significantly lower than the control group; crude protein content of
1%, 2% and 4% treatment groups was significantly lower than that of the control group. Crude fat content and
muscle ash that of increased compared with the control group, 1% and 4% groups significantly increased compared
with the control group. Feed bamboo charcoal can increase the content of total unsaturated fatty acid (UFA) in fish
muscle, but only 4% group's total unsaturated fatty acid content increased significantly, on the contrary, the content
of saturated fatty acids (SFA) in 4% group was significantly lower than that of the control group; C18: 2 and C18:
3n3 treatment in 4% bamboo charcoal treatment group increased significantly compared with the control group,
and the C22: 6 in 1% bamboo charcoal treatment group was significantly lower than the control group. With the
increase of bamboo charcoal feed, LPL gene and MDH gene expression increased compared with the control
group, but only 1% group MDH gene compared with the control group were significantly different. Studies have
shown that adding appropriate concentrations of bamboo charcoal can improve the crude fat content, total
unsaturated fatty acid (UFA) content, LPL gene and MDH gene expression in fish, and help to change the nutrient
composition of fish.

Key words: Oreochromis mossambicus * O. niloticus; bamboo charcoal; muscle; fatty acid composition; lipid

metabolism gene
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