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FHEE: SLU0 B 700 F0 R I A A 0 v 9 BE N2 Y BE A & BR (NCG) X B E f1 (Oreochromis niloticus) B A7 fg i &
B MEEEAR . HHIERRIT DO IR IR JE R A B e . 1B EN360 R~ S 14 BT 9 (32.56+1.12) g%
e, BENLS N3, AR EINEE, BN EF40R M. DUANRIINCGA I HE A EME ot 1], 54 3 B
D0 ¥ EE 200015000 mg/kg NCG 2P SEIG RV EHME A LI H(NCG T FINCG 1). R R IER E4% e B %R
20k, FLhAFR8 A . WA RARY], IR ENCGH NI 1 2 R85, NCG 1T AL R P8 4R 2
BN (P<0.05). NCG I FINCG II 2H % f ifi 3% H- il = g 00 [ 5 & 32 2 v T X B8 40 (P<0.05), HLNCG
11 2H %7 Sl £ 10375 1R 45 T % Ui AR 45 2 Ui T 1% 2 Y 35 T 1 (P<<0.05) o iR FENC G I 2 2 it v & JE £
P 2 &, I S 3 0D AR R BT B B (P<0.05) . I EHE R (A1 £LO G 45 S o, mik BENCGYR I
AR P20 I T 2 A AR PR AT B O TR AR IR, HNCG 1T EENCG T 219 2 A o JHH I v i) 2 i B8
K, B R EE B SR BENCGIS, %' AF 0 JHEIE i 17 8000 2 P R G 35 [R] PRI B Al I 2 5 il 1 R 1R
(Carnitine palmitoyl transferase 1), & [K] i 00 g 4 484 5 W) W05 2 14 a i [K] (Peroxisome proliferator activated
receptor alpha) A1 #5156 &5 [ 12 K] (Uncoupling protein 1)[3R 1A & & 3 BFIL(P<0.05). %% L, ik ENCGIH
I 1 2 = f R M s A e, ASEASH IS T v, 5 3 77 R 7 PHRE R R P JUEE B 07 6 A, X T B VR B
NCGFEAR 1 I g 107 B- A A 55 FE R ) 2R P 3 B

FHIR: N-E A AR, R a s, s Eiieds; MR, AR, DM
X EHS: 1000-3207(2025)03-032509-08

PESAS:5965.1  SCRRFRIRAS: A
W2 R 2 RN L R AR, 50k ER
U R A mTES) . N-Z B 2 R (N-
carbamylglutamate, NCG)#& ¥§ 2 FE N I A 1% PR &
Pl — 2 Y Tl T 5 - 1P B0 7R 2R A0l P, T DA 2%
WO RS 2B & A A% 2 T IR R 5 -1, T4
BRI AR R IR S K" NCG Ml H T B
IS 2R, A ARG e e, AR R e S,
R, 1R 22 9 70 2B NCGAE A RS R, LA
BAKEEIR, FEARTRE S A IS T 758 242
H A, % TNCGHEK = sh¥) h it 78, 322248
XK= AR R RE . DU A AN Y 5 G g
ST . IR, & RIS IINCGH B T
AR E I A KA RE A BT, KSR

Usis B HA: 2024-04-08; 1817 HHA: 2024-05-22

HHNCGHIE B INE N 227 mg/kg, NG A8 B 2%
PRI E R R KRR R AR,
JiAh, TEREF L) 0 R, NCGI BB IR I 5
213 mg/kg; BARHHNCG IS BRI 41200 mg/
kg'o AT I, SR AR ) 5 7 B NCG Y s
WEE AT REAN ]

SRIM, BEE R NCGHR I & B T, I8
— WK PSR IR . B AL A
I, 5AISIINCGALAH LE, NCGYs &£ %2000 mg/
kg 8 300 TADRL 2R 2R 2 T 51 (P<0.05), A7 75 % 0
2 T B#(P<0.05), HLIMLYE A H i =5 & & SR+ &
TEFRATTHT BT 72t R, 45000 mg/kgFINCG
nErE, BRIl ER S 2O R BEES . 5
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1.1 SEIER
TERIC T MO8 FRA RN R 1. Tkl Rkl
e 5 4= 5Rat 40 B i, JERHE S JE N0 (Control).
F 1 SLARMBRR TR S S

Tab. 1 Ingredient and composition of experimental diet

S B Diet Ctrl NCG 1 NCG I
J# Kl Ingredient (g/kg)
4% Fish meal' 140 140 140
ZHISoybean meal' 345 345 345
51 /55 ¥y High-gluten flour 230 228 225
K HIRapeseed meal 230 230 230
K 5. Soybean oil 20 20 20
TR — & #5Calcium dihydrogen phosphate 25 25 25
¥ E5 TR K Mineral premix” 5 5 5
A F R A Vitamin premix3 5 5
N-Z B A2 NCG 0 5

.22 2H i Chemical composition
T-#1)5 Dry matter (DM, g/100 g)
L 1 Crude protein (g/100 g DM) 33.93 33.86 34.04
AL HE W5 Crude fat (g/100 g DM) 932 933 940
JK 4y Ash (g/100 g DM) 723 712 7.02

Ve BT RHERRA R A TR A R A T . SR
T HEMEEME AT YRR SR A", gt g
TRVRARE T 41 oy 2H R (g/kg TR KL ): 442 2 A 1100000 TU, 4
HFEB 2.64g HEAFEB, 1.10g, JEAFBg 132 g, 4i4EEB),
0.011 g, NEE22 g, MTR0.44 g, N1 F0.013 g, MR 7.55 g, D-iZ
TRAE 4.41 g, 4/ RCRERZEE 110 g, 4k K D, 440,000 IU, 4E/:
KE 8.8 g, 4 KK, 1.1 g " R BURKH F 514 4L i(g/kg
FRED: —KERER W2k 3.81 g, -B/KIiAREE6.58 g, LK R EE
25.67 g, LK ERET0.33 g, — /KR ER 45243 g, MiFR4450.019 g,
WL 450.439 g, WAAEREH0.19 g
Note: 'All feed ingredients come from Guangdong Bide
Biotechnology Co., Ltd. Formulation of the basal diet, vitamin
remix, and mineral premix are referenced to a previous studym.
The amounts of following vitamins in per kg of premix are: A
1100000 IU, B, 2.64 g, B, 1.10 g, B4 1.32 g, By, 0.011 g, inositol
22 g, folic acid 0.44 g, biotin 0.013 g, nicotinic acid 7.55 g, D-
calcium pantothenate 4.41 g, Vitamin C phosphating fat 110 g, D;
440,000 IU, E 8.8 g, K5 1.1 g. *The amounts of following mine-
rals in per kg of premix are: FeSO,-H,0 3.81 g,ZnS0O,47H,06.58 g,
MgSO, 7 H,0 25.67 g, CuSO,4'5 H,0 0.33 g, MnSO,4-H,0 2.43 g,
C0S0, 0.019 g, Ca (103), 0.439 g, Na,Se05 0.19 g

88.67 87.99 88.52

2000 (NCG 1 )#15000 mg/kg (NCG 1) =MANFEHK
FEMIN-Z H A 2R - B 5 NN IE & /K08 1 5
B, Hl i B AR L3 mmPik. E45CHREXT G, B
F—20°CUKAE HFORAF 4% FH
1.2 IR&E5HFER

I BB AR AR E P e R A,
IE RS H 95 TR IR YL o Phik360 2 T
Tofh Mk —. PR & (32.56+1.12) g
B AR %)), BE B4 B9 5 T B 38 2T 4k 97 5 T
(300 L), AW E3INEE, F/MT40E . LK
WA E SR K, SEIR I A R AR, KR
28—30°C . sS40 H R 2R 9k H 114%, & 1
RF5 R A P A L Al B A SE A
HOATE SRR AR HBEMR20K, BT 1] 43 N
8:30F117:30, Tl M=/ NG 5, FH LR A W 75 5 HL 48
K, FoKBEL A EARFNY 732 — . B H RS RIK
HEE AT IO, FRIE S T8 .
1.3 HmREMIBFRNE

FEIE SIS RS, 25 24nHF IR RAE . Jeill 2
T 0 5 5T &, B 5 R ET BE LB B3R, W AR
B MREIBCAE. FFHE. WLAZE, FraE o B A AT
&, F T AT AT B HS) R AR TR B (VST . £
B PN AT AN AR A, R TR SRS BFAE. LRI
T BN KRR E . SEFEPLEG )R
fo, HFampEa. RN KRR SNE .

RFFTRENLEL 6 R Z JE 1, FIMS-222% 1 {4 i3k 47
JIRIE o P E T 7 R AR, PR S g R R KGR
i 8 AF AT H G, K RAE M LK LA4000 r/min
B0 S5min, WHEJE M. AR H 3R A, i@
295 R AT, S IUE B DB I, — 3045 AT S R
A Bouins¥i 347 [ 5, H THEG: t4; 534k — &85
JFF B B3 70 5, B iMoo, 5 4h3 R,
i BB E ALY, —80°C AR AZ A, T g i A i
2 32 IR PR 5 o
14 SKiE#R

R AR, MER, FredKR,
AR AT

¥ 6 3 (Weight gain rate, WGR, %)=100x(& &
Y -GG 35 H )Y R

e A K% (Specific growth rate, SGR, %) =100x
(In R E-InYI UG8 B )/ R AL

1A Bl 4k, 2 (Feed conversion ratio, FCR)=1i] £}
BaE/ kR
1.5 M¥ZEIEFRNE

Ak 3B R K H 37.7600-110% 4 H 3 4E 4k 2
MG 52, W5 2 Ak i iE H 9 = B8(TG) AH &
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(TC). MIEA(TP). m#HENEEAMDL). K% E
JE® FI(LDL). #i % (GLU). 2 A 2 B (ALT)
4 FL I 2 B (AST)
1.6 EARFBEEFRRSTNE

K FH105°C k2 90 5 ) k) A #4144 7K 43 (GB
5009.3-2003); K FH H 48 577560 °C #1%% % (GB5009.4-
2003 & AH K 43 £ &5 R H i P IR E 0% (GB
5009.5-2003)I & F & {1 & ; 4 GB5009.6-
2003 #E H I 7 K6 0 5 92 000 s A R RN 4 fa R TR
GBS DU B2, viv)F7 B BURFRE AL
g - ) s e B
1.7 BFBELELEYI R MEE

MNEEAR AL 3 £, fift] 23 25 2 | E 0 A, I
JIRE FE B DB, — 35840 FF I ST BN Bouins i i2E 47
52 . AFAFH I . ik, FI = s IR i
R b, 1 B 6 um, FIYEHEG: (5, oL b
WA Fe A — 3 R, A R Al OCT
(Sakura)@ 3 5, M iE B T Leica?® % Ul v WLidEAT %
WRIEY) AT, B S REAT I ALOgL . 7RG B (R
MEHTCX43) P IR
1.8 ERERESH

FH TRIzol#\ 71l & (Invitrogen)$& B A AL AT A2
RNA, H Nanodrop4) )t Jt BE v Il RNAMK FE, F| H
abm 5%All-In-One RT Master Mixx #% 5 R 57 & &
FcDNA, B T-20°C£5H. RT-PCR{%EApplied Bi-
osystems™ SYBR™ Green PCR Master Mixiji ] 13
BEATEEAE, BIMIF A L3 2. ARTARIETA 5% H 3
DAL, 04 JFE I PR B A B e R Bl 1 R R (ept 1) A
Tk A A A0 A 388 B A G 2 Ak a ik (R (ppara)~ AR
B 1B Rl (uep D)~ TG HE /0K FEN 1 2,15k 7 i
(ssatl) NEWHTR & AL (fasn) T8 BE T oih 45 &
R (srebpl)~ LTEEHEEAFRILEEB (acch)~ i
7 B 45 45 5 A (fabp D). R 279", DL p-actin
RN RIEEE AT, THEH L A X &
K
1.9 Zitoth

K Fl Graphpad Prism 7.0%% 14 % 41 [ % 4#% 32E 17
B[R T~ 7 Z 4 M1 (One-way ANOVA), K H e 56 14
TR L . SEIR 4 R LP I E A e iR RoR, 2
S KPR N P<0.05.

2 FR
21 SRENCGHRMX T IEE T AL FnfE AL RY

Al
FEAFERRIGEOLT, ik FENCGHIHA nxt 24
G E AR, RrE K E, RS TR E

MR 3).
2.2 SIRENCGHMT T E & FF AL F1fFE A EE B9
AL

R EENCGIIES I 38 INNCG [T % e
() A4 48 20(P<0.05), HLIf 35 NCG n BE (1) 38
M ). BRENCGHINE TSI A H8 $0E 1
Ik HERAREE,
2.3 SIKENCGH IEEWIEFRAISZT

TARHAR IINC G 2 HE #1137 A 40 48 bk (0 52 i
WK 4, MHET XA S, NCG [ MINCG 1T4H
2 A £ 137 H I = R R R [ S B R 3 v T R
ZH(P<0.05). H 4N, NCG I FINCG II 41 %' 9 fa ifi.
AN RN =R 2 A AR S WAy =K
HNCG 11 2H 45 T e i lg P02 0 2 g B 12 ¥ 2%
FHEI(P<0.05). TR ISR ENCGX & HE (it
BEAEA. AEERED. LEKEEEEA.
HERE S BILRELW,
24 EKRENCGHZIE@Lt. ALAFMMAIEE
ERREENEN

1 R BENC G I s 0 2 25 12 v 2 3B f8 3 i 1

#£2 EEPCRAVERMSI

Tab. 2 Primer sequence for Real-time quantitative PCR
fer o . R
RHEEH g pppegipime ol L GenBank 5
ene roduct size B
sequence (5'—3) Accession No.
name (bp)

p-actin  CTGAGCGTAAATA 176 XM 003443127.3
CTCCGTCTG
AGTTGTTGGGCGT
TTGGTTG

eptl ATTCTTCCTTTAC 194
CGCCGCA
CAGGAATGCGTGT
GGTGTTG

ppara. AAGGCTATGCCG 178
GGTTTCCA
ATGGTCGGCGGA
GACTCTTG

ucpl  TTCGGACCACAAT 106
CCAGTAGG
GGCTATACAGGCT
GCTGCTC

ssat CCTTGAGGATGGC 186
TTCGGTG
CCCAGCCCTCTGT
ACTCATC

fasn TGCCCAAGGGGA 196
CTTTGTCAT
CTGGTGTCCATCG
CCGGTTA

srebpl GCTGACTCATGGG 107
GCTGGAT
TCTCCATACACCA
GCAGCCG

accf  GCTGGCGAGGCA 136
CTGTCTAT
ACCTCCACACCAC
TCGGAAC

fabpl  CAACCGGCTCAA 164
ATGCCATC
GTTTGCATCCACC
AGTTCCG

GQ_395695.1

NM_001290066.1

XM_003452255.4

XM_003456244.2

XM_013276808.2

XM_005457771.3

XM_019365909.1

XM_003446092.3
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B, IR NI B AR B (P<0.05). R
FENCGHIZ I & e A ALK . EA
i HE BT AN AR 53 B B0 3 R MR (R 5).
25 EIRENCGXIHTBERE BRI AR 22 0

JHIEHESS (4 45 3 oR (K 2), AHECT X 4L 2
AR AT 5, B EENC G N ZH ) AT A% 40 it J5
LT A A AR PE, HNCGIIZH FENCGIZ 9 % et
FFREH 2SR R . AR ZIO gt 5 S R (] 2),
15 VR FE NC G in 25 149 U 44 e e ok 300 B S 10 i
EHEIS, HNCG L4 HENCG | 41 % 9k o i
W AR B OR B AR
26 EIKENCGIRTRERER K BIHEXERERIEMN
A

TEREE IR EENCG G, & HE AT g 1 84k
SRR IE DR A4 WL 3A . AHEE T IR 5
% 3 £ - A PR BB AR It 5 A B 1 25 1K) (epe D) 2]
IR BRI BP0 52 R adk R (ppara) R F AR
6B 1 152 (Rl (uep 13R85 35 FEIR(P<0.05) . AT
JUE A S i/ K RGN 2 Tt 5% 7% I (ssat 1) B 3R IE =
ANZNCGH NI .

A I A TR TR A A DG S R 1) AR Ak AL
K 3B, fEHFEEIKENCGG, & 3k @I IF 2 4k
i AR AL Bl BIE K (accp) I RIB KT B F . g

# 3 ERENCGHRM BIEa £ KIgHRNEm

Tab. 3  Effect of high dietary NCG contents on growth perfor-
mance of tilapia

J8 4% Parameter SHHEZHCl NCG 1 NCG I
YK EIBW (g) 32.60+2.22  32.2842.02 32.8042.22
LKAREFBW (g) 117.18+2.64 115.3242.93 113.38+2.23
W F R WGR (%) 264.55+19.44 260.69+14.28 249.84+17.49
FEEAKZESGR (%/d)  2.30£0.09  2.29+0.07  2.23+0.09
TARHEE LR FCR 1.10+£0.02  1.12+0.02  1.16+0.02
% N P _

é 0.015 o . b é 0.15 1 o

2 a 2

g 0010 £ 010

3 2

] g

g g

ﬁ 0.005 2 0.05

) .

Y JEEN

= &

==y 0 = 0

> NN > S8

& o & ©
@ ~ S @ SR

K1 R BENCGXS A B (a) R AR L (b) 9 5
Fig. 1 Effects of high dietary NCG contents on hepatosomatic
index (A) and viscerasomatic index (B)
FE B b5 - BEAR R R 72 7t 5 2 (P<0.05)
Values in the same column with different superscript small letters
mean significant difference (P<0.05)

I 1 5 RSB (fasm) 6] T80 = o A 45 4 B s IR 1 3
Kl (strebf) N TR 45 & B H (fabp D AL 5 K 52
NCGIPIFZM
2.7 SIRENCGTALABE 5 HE < B E FTIEH
20

HERIKRENCGE, P AR LA IR A5
FRAH 5 3E R H AR A WL 3C. ARE T B AL T 5,
T SE AL P B A T D 0 52 Ak ek (R (ppara) ) R IE
2 i 25 T 5 (P<0.05). UL AL A PR B A AT 9 % 4 il
132 K] (cpt 1) R0 A e /30 G N 2T 6 7% B (ssae D)

F 4 ARRNERENCG FiEf M iEE (L Igtra2im
Tab. 4 Effects of high dietary NCG contents on serum biochemi-
cal indices of tilapia

i H Item YtHEControl  NCG [ NCG II
HIl=HSTG (mmol/L)  1.77£0.15°  2.83£0.17° 4.16£0.31°
MIHFEEETC (mmol/L)  2.43+0.13°  2.89+0.12° 3.32+0.26°
JMEATP (g/L) 24.06+0.94 24.95+1.77 25.26:0.63
5% £ IR 2 T HDL
(mmol/L) 1.64£0.11  1.69+0.12  1.82+0.15
iR B IR FILDL
(mmol/L) 0.32+0.06  0.29£0.04  0.34+0.04
HWIEHGLU (mmol/L)  8.65£0.43  7.79+0.36  7.60+0.33

BNFEEEALT (U/L) 31.47£2.02° 35254237 46.30+2.78°
BEEEREAST (U/L) 68.09£2.24° 73.80+2.71° 82.83+3.26°
W R BT A B P S BORbR R R (n=9); M —17H EAx
FREAF R % 57 2 2 (P<0.05)
Note: Values show meantstandard error (n=9); Different

superscripted letters in the same row indicate significant diffe-
rences (P<0.05)

x5 EKENCGHTI st JATMARET BRI
W (3 E EE )

Tab. 5 Effect of high dietary NCG contents on nutrition composi-
tion of tilapia whole body, muscle, and visceral (% wet weight)

B IR R
Nutritional composition XJf&Control NCG I NCG 1II
(%)
4fh 7K4>Moisture 73.07+0.62  73.69+0.23  73.98+0.50
Whole fish, ,
FlE HCrude 14.7740.26  14.79+0.24  14.49+0.07
protein
bicNil=gilil 4.94+029  530+0.45 5.11+0.30
Crude lipid
FKSrAsh  4.44+0.08 4324021  4.36+0.19

LA 7K Moisture 79.24+0.93  79.4+1.02  78.96+0.76

Musele e 1 Crude 18.2740.06  18.20£0.08  18.98£0.40
protein
FH A 1.3540.22  1.34+0.13  1.35+0.21
Crude lipid
IR /rAsh  1.41£0.12  1.40£021  1.40+0.16
A I JK4rMoisture 82.06+£1.27  82.5+0.86 82.58+1.09
VISCOTa e riCrude 5.6740.02°  5.4340.04  5.28+0.12°
protein
FH A i 6.90+0.15"  7.46+0.12" 7.53+0.09"
Crude lipid
K Ash  0.76£0.02  0.80+0.01  0.79+0.02




34 %

PAte: TR v AR EEN- 2 R A R Xt 27 A i g A QO P s 5

RIS B AR SZNCGE IR . BT 3 1A
(ucp DAENLA H 3Rk B UK, AR 2],

A LA A T TR A A DG s R 1) AR 4k AL
K 3D, SR ENCGE, ML 2 B4 i AR
1 RIE K] (accp) I R IE B B E BFK. TRIHER & &
Bt (fasn) IR 75 TOAR45 6 e R 1 HE B (serebf)
JI8 i R 25 & 1 (fabp 1) AN SZNCGES N 521

3 it
3.1 ERENCGHRM SHEe BRI AR RIS/

T R 02 B, NCGHS N &15 £112000 mg/kghhT,
PR R R R T, AR R R TR,

Control

Oil Red O

MG EERE. B =EnsEEREAS
R ETE", 82000 mg/kg NCG N & O 44
v, 5 3 B A0 ) R AR o DR R AR SIEEG H
TF WA w2, EN20004115000 mg/kg NCG, %t &
et MG At e bn - HE M UURURI AR 7 AR i 52 .

JHREAE S 2878 F2 0 o AR e, A JEtk
BT R IE R AR . AR R R,
B AR A R IR ENCGE I ARG, 235 1
TR, FHEEG T R R AR TR
E R e M IR R ER T, AW SR A T
JIE 2H 2R HE %% €2 F0 9 21 O %% €8 VP A7 A Jig o AR 26 o
FIM LT OG tist, JFE b i e 2 4r (!, HEG

Fig. 2 Effect of high dietary NCG contents on liver histochemistry in tilapia
FFRED T HEG (1, 20 3)FIMZOS (4. 5. 6), ALV ZIFER 10 pm

Liver sections are stained with HE (1, 2, 3), and oil red O (4, 5, 6), with a tissue section scale of 10 pm

[ Control EXINCG 1 FEZINCGII

—_
W

a a

:0 A Hﬁm Hbg H

cptl ppar o. ucpl ssat

(=]
W

K R AH XS e
Gene relative expression
=

=2

S8
e

HETRIAH X Pt
Gene relative expression
o

Nlllslz W .

cptl ppar o. ucpl ssat

20 1B

1.5
a

o NI s

fasn srebpl acc f

e (Rl s
Gene relative expression

fabpl

20 rp
1.5 a

<[ NIV O

fabpl

e R A

Gene relative expression

=]

fasn srebpl acc p

B3 Rk FEENCGT IR AL PA i 53 A AR 2 2 (R 25 B R 5 )
Fig. 3 Effect of high dietary NCG contents on the expression of lipid metabolism-related genes
a. FFHERE BT 73 A SCRE IR b, SRR AR 5T £ O G FE (K1 . JWLIAT B B 73 A S B R . JULAI A R F o 2 R

a. Liver fatty acid oxidation genes; b. Liver lipogenesis related genes; c. Muscle fatty acid oxidation genes; d. Muscle lipogenesis related genes



6 KR R

2025, 49(3): 032509

M LLOH 8 B, Bk EENCGHIR 1S 2 4k
JHF R 40 A = A2 B S5 1R ASCBRRE AR ™ B 1) AR i R 4R,
HLFf G W Bk e, B AR SRR B &5 . X BB
e SR ENCGEH IR G, B8 T/
U A F i AR, L A R R R vy, O B AR
™
3.2 ERENCGHILEE WIstrs N

e VR P NC G| PR 11 27 9 fo if 375+ R B0 H 5 vy
MTGHITCE &, X B A =k ENCGEH 214 m
M35 R AR IR AR R AR I T 51 . BN B (ALT)
FIAS B S B (AST) A2 AT 41 Pl b BB L R S
g, 2 58 AR RIS . BRI R A
AR J, o 38 0 A A i v, (615 B R L 2
IR R, TR I L9 P 2 B e S iR 2 TR e S T
1 BT, RYFFAE AR R A T AN BAR, NCG 1
HE D A RTS8 T B0 e 5 TR FRRER,
(PSR | o N IR RN R e N ISR 2 n)
WS IR AM A — DN ES, HE 5 AR
#. SRMTENCG 114 My, ALTHIASTHE /1%
EF & . ERTHE T, =K EENCG (3600 mg/kg)
A INiE RALTRIASTH &3 v, HHEVI /&
BT PN A EREE AR Y, S SR R
FENCG T ™ E AR TG, 2 it — 0 1 s R AR
W RE S AL
33 =KENCGx ZiEf BT AR FAAN A B AR X 534
KEFEFR XN

JFF R G Joia AR 5 2 g 7 6 BSCRH HE A8 2 ] (R AN
5, A 4T B JE A R A A i el R Y LR i B
R T, R ENCGH) Bk T
JE HH G W7 1R 73 il AH R B Rl ept L~ pparas ucp135) i
FRUE . PITRRE AR B RS AL B (Cptl) 2 T 40 g
KB g Iy R p- A Ak i R E R I T, B At A
Wty VA S B 0T 3 AR (Pparan) A2 45 1 i 197 R AL AL
() S R T, VR BENC G A A3 G 107 R B- 481k
T R P 5 I ] opr 1 RN S 8 e S5 IR T pparadf) 15 2
FA), R R BENC G2 35 BRI 1 U g 07 2
BEMILFE. Ucpl2fHECE A1, CABUEL 5/
I i 7 12 4 SRR D0 wep IR 3k F I T %t
5, U B FFR U i 7 T P e Ao e o S 2 41

JIE 5 B s 2 B O T i A R Bl R A A
PR, I8 05 2 4 B (Fasn) 2 I 10 2 AN Sk 2 B T B
SR, 75 557 Sk B R o R 2 A AP
LA g AR AL B (Acc) & Br Fasnz A1 58 — A g
U R R A IR T IR 4 o B R A o T
Fasn[f) 3R 15, 5 185 3 30K 10 #4 3% K 7 (1 Rk 1
170 74, REWG £ R PR R 0A 32 B2 4% K R 7

[i] Ji Jsz 87 TG 45 4 B (Srebp) TR 4%, A2 I8 T A il
iR B A T, BE R 45 4 R 1 (Fabpl) it
Z: 50755 B ) BN 2 —, RE TR
Fabp 11 717 JI 107 B (1) 12 %4y A1 73 C, (£ IR 197 P4 JH 0
1o TG L3R 26 9555 (14 B3 T 3 o RO AT S v
ASLEG I, 1= FENCG IR 0 3 A 52 i i 107 6 1k
MHRIE R fasn strebfs fabpl W5 /KF, A T acep
HRAERH. XRHERENCGH fext % 4k f g
5 BCRE JT ISR AN K o S 4h, 55 B R )
JUE o AR AR O R AS ], 9 FENC G RIS vt LAY
JE TG AH G EE R Y s M A 55 o = R BENCGXT L
Al i 5 S A A0 20 3 Rl pparo s ERVER, XTHHE G &
R I Kl acep A B JRAE R, RIATLIA A i B A
R A FAE IR T AR B TT I £ 1. SR, ZEL
PE TR R 2 A eh ) R VLR G 7 5 2 R B,
HH TR BENC G LA T 197 A 52 e A B

4 ZEig

23 b, WK EENCG YA IN 2 i B2 AR 1 g i
AR S, A A5 I G Ty, 5 3 ™ 3R s A
PRMTPA I AR U 2 AR . FL R IR AT RE R i T e i R
NCGE V] B HEE AT PAY U I J 2 6 e e, AT 8 T
IR RN A BEE PR A 5T 2R AR . PRI, NCGAE 7K™
SRR BN R 7R BRI, AT E RN,
(TE 3 PR SCRT 5 RRAG B 2K

SE Mk

[11 WuX,YinYL, LiuY Q, ef al. Effect of dietary arginine
and N-carbamoylglutamate supplementation on reproduc-
tion and gene expression of eNOS, VEGFA and PIGF1 in
placenta in late pregnancy of sows [J]. Animal Reproduc-
tion Science, 2012, 132(3-4): 187-192.

[2]1 Zhao H X, Qiao G X, Li P J, et al. Effects of dietary L-
arginine or N-carbamylglutamate on growth performance,
intestinal function, serum biochemical indexes and anti-
ammonia-nitrogen stress ability of yellow catfish
(Pelteobagrus fulvidraco) [J). Chinese Journal of Animal
Nutrition, 2021, 33(11): 6330-6339. [ 2175, Fr [F W%, 2=
Bk, 4. UDRHANIN LA 2R SN2 Y R4 2 R X 3 8
K, EDRe . ME AR AR BT E BN R 7
[RIREI [T]. ShAE FR 4%, 2021, 33(11): 6330-6339.]

[3] LiJN, Zhang Y Z, Fan Z, et al. Effects of arginine and/or
N-carbamylglutamate ~ supplementation on  growth,

biochemical composition and expression of growth-regu-

lating factors of hybrid sturgeon (Acipenser schrenckii @ %

A. baerii &) juveniles fed an arginine-deficient diet [J].

Animal Feed Science and Technology, 2022, 285(4):

115246.

[4] Zhao H X, Qiao G Q, Cao J M, et al. Dietary supplemen-


https://doi.org/10.1016/j.anireprosci.2012.05.002
https://doi.org/10.1016/j.anireprosci.2012.05.002
https://doi.org/10.1016/j.anireprosci.2012.05.002

3 ES

TG et e e A BEN- A O 2 A 2 g A 5 7

(3]

(6]

(7]

(8]

[9]

[10]

(1]

[12]

[13]

tation of N-carbamylglutamate and effects on growth,
intestinal enzyme activities, immunological and antioxi-

dant abilities of juvenile yellow catfish (Pelteobagrus

fulvidraco) [J]. Aquaculture Nutrition, 2019, 25(6): 1250-

1260.

Shang X D, Chen C X, Jia L, et al. Effect of N-
carbamoylglutamic acid on the growth performance of
juvenile turbot (Scophthalmus maximus) [J]. Feed Re-
search, 2017(3): 35-38. [, [5ET, T, % N-&
O A 3 40 £ (P RE QOB (1. (DL
9%, 2017(3): 35-38.]

Zhao H X, Qiao G X, Huang Y H, er al. Effects of
Dietary N-carbamylglutamate on growth performance,
body composition, serum biochemical indices and anti-
ammonia-nitrogen stress ability of juvenile yellow catfish
(Pelteobagrus fulvidraco) [J]. Chinese Journal of Animal
Nutrition, 2019, 31(12): 5625-5634. [BX 4L 85, v H %, #%
Mt S5 PRHASINN-Z T A Rox s i 4l b K
PERE. ARy BRI ST RN BRE 152
W [J]. Sh¥E 77244, 2019, 31(12): 5625-5634.]

Wang L S, Li J N, Wang C G, et al. Effect of N-
carbamoylglutamate supplementation on the growth
performance, antioxidant status and immune response of
mirror carp (Cyprinus carpio) fed an arginine-deficient
diet [J]. Fish & Shellfish Immunology, 2019(84): 280-289.
Li W, Liu B D, Liu A, et al. Dietary supplementation of
N-carbamylglutamate promotes growth performance by
modulating the homeostasis of gut microbiota in tilapia
(Oreochromis  niloticus) [J].
2021(20): 100750.

Xu L, Wen H B, Sun G X, et al. Effects of dietary fish oil
levels on growth, lipid metabolism and blood physiology

Aquaculture  Reports,

of red drum Sciaenops ocellatus [J]. Journal of Dalian
Ocean University, 2020, 35(1): 39-46. [# [, [, 7)
e, &, syl I E IR a K RS
55 A A BRI [J]. KSR 244, 2020, 35(1):
39-46.]

Peng M, Xu W, Mai K S, et al. Growth performance,
lipid deposition and hepatic lipid metabolism related gene
expression in juvenile turbot (Scophthalmus maximus L.)
fed diets with various fish oil substitution levels by
soybean oil [J]. Aquaculture, 2014, 433(3): 442-449.
Livak K J, Schmittgen T D. Analysis of relative gene
expression data using real-time quantitative PCR and the
27" method [J]. Methods, 2001, 25(4): 402-408.

Bruslé J, Gonzalez G A. The structure and function of
fish liver [J]. Fish Morphology, 2017(11): 77-93.

Tao T, Yi H, Mo P, et al. Effects of high-fat diet on
growth performance, lipid accumulation and lipid
metabolism-related MicroRNA/gene expression in the
liver of grass carp (Ctenopharyngodon idella) [J]. Compa-
rative Biochemistry and Physiology Part B: Biochemistry
and Molecular Biology, 2019, 234(263): 34-40.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Bojarski B, Witeska M. Blood biomarkers of herbicide,
insecticide, and fungicide toxicity to fish-a review [J].
Environmental Science and Pollution Research, 2020,
27(16): 19236-19250.

Huang H Y, Chen P, Liang X F, et al. Dietary N-
Carbamylglutamate (NCG) alleviates liver metabolic
disease and hepatocyte apoptosis by suppressing ERK1/2-
mTOR-S6K 1signal pathway via promoting endogenous
arginine synthesis in Japanese seabass (Lateolabrax
Japonicus) [J]. Fish & Shellfish Immunology, 2019(90):
338-348.

Ayisi C L, Cheng Y M, Zhao J L. Genes, transcription
factors and enzymes involved in lipid metabolism in fin
fish [J]. Agri Gene, 2018(7): 7-14.

Wang Z, Xu W, Mai K S, et al. The effects of valine level
on plasma biochemical indexes, lipid content and gene
expression involved in lipid metabolism in cobia (Rachy-
centron canadum) [J]. Acta Hydrobiologica Sinica, 2016,
40(4): 744-751. [ L&, 1REE, ZRiFR, & AR R K
XA AR AR TR AR A FR AR A T IR G 1
ARG R Rk 5 [0, KA 2R, 2016, 40(4):
744-751.]

Xie D Z, Yang L P, Yu R M, et al. Effects of dietary
carbohydrate and lipid levels on growth and hepatic lipid
deposition of juvenile tilapia, Oreochromis niloticus [J].
Aquaculture, 2017, 479(1): 696-703.

Ning L J, He A Y, Li J M, et al. Mechanisms and
metabolic regulation of PPARa activation in Nile tilapia
(Oreochromis niloticus) [J]. Biochimica et Biophysica
Acta, 2016, 1861(9): 1036-1048.

Qin CJ, Wen Z Y, Wang J, et al. Uncoupling protein 1 in
snakehead (Channa argus): Cloning, tissue distribution,
and its expression in response to fasting and refeeding [J].
Comparative Biochemistry and Physiology Part A,
Molecular & Integrative Physiology, 2018(225): 1-6.

Tian J, Wu F, Yang C G, et al. Dietary lipid levels impact
lipoprotein lipase, hormone-sensitive lipase, and fatty
acid synthetase gene expression in three tissues of adult
GIFT strain of Nile tilapia, Oreochromis niloticus [J].
Fish Physiology and Biochemistry, 2015, 41(1): 1-18.

Lin J, Zhang J, Dai W W, et al. Low phosphorus
increases hepatic lipid deposition, oxidative stress and
inflammatory response via acetyl-CoA carboxylase-
dependent manner in zebrafish liver cells [J]. Fish &
Shellfish Immunology, 2024(146): 109387.

XuY H, Tan X Y, Xu Y C, et al. Novel insights for
SREBP-1 as a key transcription factor in regulating lipo-
genesis in a freshwater teleost, grass carp Ctenopharyn-
godon idella [J). The British Journal of Nutrition, 2019,
122(11): 1201-1211.

Xu H G, Zhang Y, Wang C, et al. Cloning and characteri-
zation of fatty acid-binding proteins (fabps) from
Japanese seabass (Lateolabrax japonicus) liver, and their


https://doi.org/10.1111/anu.12939
https://doi.org/10.1006/meth.2001.1262
https://doi.org/10.1007/s11356-020-08248-8
https://doi.org/10.1016/j.bbalip.2016.06.005
https://doi.org/10.1016/j.bbalip.2016.06.005
https://doi.org/10.1007/s10695-014-0001-1
https://doi.org/10.1017/S0007114519001934

8 K E Y K 2025, 49(3): 032509

gene expressions in response to dietary arachidonic acid Part B, Biochemistry & Molecular Biology, 2017(204):
(ARA) [J]. Comparative Biochemistry and Physiology 27-34.

HIGH DIETARY N-CARBAMYLGLUTAMATE CONTENTS ON LIPID
METABOLISM

LI Wei, HUANG Kun-Ming, HE Huan-Rong, JIANG Biao, LIU Chun, HUANG Yan-Hua and SU You-Lu

(Innovative Institute of Animal Healthy Breeding, College of Animal Science and Technology, Zhongkai University of
Agriculture and Engineering, Guangzhou 510225, China)

Abstract: The aim of this study was to investigate the effects of high dietary N-carbamylglutamate (NCG) contents on
serum biochemical indicators, liver fat deposition, body fat content, and fat metabolism genes expression in tilapia
(Oreochromis niloticus). Tilapia of 360 with an average body mass of (36.56+1.12) g were divided into 3 groups, each
with 3 replicates containing 40 fish per replicate. The control group received basic feed without the addition of NCG,
while two experimental groups received feed supplemented with high concentrations of 2000 and 5000 mg/kg NCG,
respectively. The tilapia were fed twice daily at a rate of 4% body weight. After 8 weeks, the addition of high dietary
NCG contents increased the hepatosomatic index of tilapia, with the hepatosomatic index of the NCG II group signifi-
cantly increased (P<0.05). Liver histological analysis using HE-staining and oil red O-staining showed vacuolar degene-
ration and significant lipid droplet accumulation in liver cells of the high concentration NCG addition group. Moreover,
the tilapia liver in the NCG II group exhibited larger vacuoles and more concentrated lipid droplets compared to the
NCG I group. High concentration NCG addition significantly increased the visceral fat content of tilapia while signifi-
cantly reducing visceral protein content (P<0.05). Serum triglycerides and cholesterol levels in the NCG I and NCG
IT groups were significantly higher than those in control group (P<0.05). Furthermore, the activities of alanine amino-
transferase and aspartate aminotransferase in tilapia serum were significantly increased in the NCG II group (P<0.05).
Consumption of high concentrations of NCG led to a significant decrease in the expression levels of genes related to
lipid oxidation and decomposition in tilapia liver (P<0.05), including carnitine palmitoyltransferase 1 (cptl), peroxi-
some proliferator activated receptor a (ppara), and uncoupling protein 1 (ucpl). In summary, the addition of high
dietary NCG contents caused abnormal fat metabolism in tilapia, leading to elevated serum triglycerides and inducing
severe symptoms of fatty liver. This effect may be attributed to the decrease in gene expression related to liver fatty
acid B-oxidation caused by high dietary NCG contents.

Key words: N-carbamylglutamate; Fat content; Serum biochemical indicators; Fat deposition; Fat metabolism;
Oreochromis niloticus
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