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KPR T BT % T 400715)

WE: CREBMETEN(37.94£0.09)g T F ey s 420 B, Milah 7T AMLE(EAD
WNHEINEL, FNAEL20R &), 208 HAEFMO(E).1.02.04.08.0,16.0 f132.0 g/
kg L-¥RBE AR, HATHHI54d WAEKER A L-FRBENTZFEEPEARE MY
BEIIETCA BHRBENT N, FRAA MEFL-ERBRAKFNEm, T HAEE
BORE MEREEHE16.0 g/kg HA B R AEELEEFH THRA(P<0.05);EMAER
BB ERNEEEZE A ER(P<0.05), i €4 8 fn s B 86 78 3 7 1.0 g/kg 413 5| &
AEHBZETFHBHA(P<0.05); fEE LB ik ATP 2 BEM % L-32 28 KT8y ¥ wik
B AB(P<0.05); % Na"-K"-ATP B 3& | & & & K B F (EGF) fu i % & & K B F % &
(EGFR) & E# 16.0 g/kg Ak 5| G E; IF T H R 48 7F /£ 8.0 g/kg 2| A &K A, #F
RENTEFFLARFTEERAWL-FRR(1.0~8.0g/kg) A EFE AWM TN
ARG RIHAE L R A, e AR R, B RRE O E TCA # 3

&k%o

XER: FEFFE; L-FRE; fd; if; TCA T

FESZES: Q591; S 965

MHT, BE AT A b AE R AR
TR 9 H 45 00, 5 B 2 B KA T 4G
KT LAGE #E sh Wy A= K oA R o IRAL IR
3 Z B R . REVFFRWIES:, R
A3 % £ 26 HLA A2 kA K AR AR AL R
A A

L3P SRR ARy — R A KRR A LR, 164
Yok =32 1R (TCA) 1 5 A 6 b HA 1 24 .
H A, L3RR AE sh W J7 0, 0 Ho e 2 s 07 T
O BIF S 22 T, 30 SR R A 2 85 3 o i A e
By pH (A IR AR R AR
WA o ABLEAK P S b WF s LD o ARSI D
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TE LAl ARDRL P S AN [R] AP 19 LSRR R, F 5% L-
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F: £ 7 38 4544 T BE ST JIE TCA 79 B0 A 35 1 0 4%
FLAE R A AL 44— PR AR AR .
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38 &

[R5 (37.94 £0.09) g | & AL B HL 53y 7
b R 3 AER A EE 20 B fE
FEAEZ IR K AE 240 3% 38 K 75 48 (A SRR 0. 32
m®) o KR R R 3% ~ 4% (HR 4R ik ok
/N I ] R AR R ) 4 4 AR (8:00,11:00,
15.0071 18.00) , F: 4 5 #A ok 154 d,
1.2 sugfAn

WA A E RS0 LA E k. W
A R SR ARRF R SRORE R A Dy 32 TR I o] 3
Tl AmlRE , LA B S8 3R K LR 1, S5 1A RO
S 7E Ll RO S O (R BR4L) (1.2 .4 .8.16 .32
g/kg L3RR (1 T Sigma 24w ), il BORL 72
2.0 mm B EURLIREL, BT - 20 CukEERAA &

x1 EMABABRREFRKE
Formulation and nutrient composition of
basal diet( DM basis)

Tab. 1

I H items 15/ % content

J&#} ingredients

Fb 4 ¥ Peru fishmeal 12.0
[# 7 A # meat meal 6.0
K &K1 soybean meal 20.0
HFEH cottonseed meal 10.0
SEFF K rapeseed meal 19.0
Wy wheat middling 16.7
KB ricebran 12.0
R — & %5 calcium biphosphate 2.0
7.9 soybean oil 1.0
AL H# choline chloride 0.3
iRk} vitamin & mineral premix 1.0
Al total 100.0

& 3: 7k £ nutrient levels

/K43 moisture 7.22 £0.04
HL#E A crude protein 36.94 +0.08
MG W7 crude lipid 4.31£0.01
JRSy ash 8.69 £0.03

TE U8 0 R B0 R A A T 58 A i R A Bk 150 mg ;4] 3.2 mg;
B 34.1 mg; 4% 13.0 mg; it 5.7 mg; Al 0.3 mg; 4% 12.4 mg; 4k
% A2000.0 TU; 442 D 2 000.0 TU; 44 % E 100. 0 mg; 4 4=
Z K, 10.0 mg; 44 % B, 5.0 mg; 44 % B, 10.0 mg; 4R 100.
0 mg;4EA: % B6 10.0 mg;iZ R4S 40.0 mg; Mg 5.0 mg; 44 &
By, 0.02 mg; =¥ 1.0 mg; 4E4: % C 300 mg, JLFE 100 mg
Notes: Premix provided per kg of diet: Fe 150 mg; Cu 3.2 mg;Zn
34.1 mg;Mn 13.0 mg;I1 5.7 mg;Se 0.3 mg;Co 12.4 mg; VA
2 000.0 IU; VD 2 000.0 IU;VE 100.0 mg; VK, 10.0 mg; VB, 5.0
mg; VB, 10. 0 mg; niacin 100. 0 mg; VB¢ 10. 0 mg; calcium
pantothenate 40.0 mg;folic acid 5.0 mg; VB, 0.02 mg;biotin 1.0
mg; VC 300 mg,inositol 100 mg

1.3 MEFZX

W 38 e BT N 2R 22 A ALFRAT R SLIRZE IR
W, s 24 b J5 , B BEALEC 15 &, o7 B
B, A VK B b i ) B B AR R A i R
CELFEHT 5 W) A 2H 28, T 98 4R 17K 43
PREE . PREEJS BYHE, # 1: 9 (g/mL) fin A A= B4 K
(4 C) RS 5 APEHE 5] A 51K (B BREAE UK
KB AT KA I MBS 0 (4 °CL,3 500 r/min)
10 min, B _F 35 W& A HLEG R, - 20 CORAF4 .
0 3 V€ A9 8 0 U SR L — YE AR Lb 3k i T
Na™-K " -ATP [ P 2R HI A 2 btk il 0] 24 1
TrS@ERAEY TR ISR G S
[ citrate ( Si) -synthase , CS ] & CS 5& £ 4 I 32 57
& (ELISA) Il & , ATP % H] & & & I 1 1) &
(ELISA) | 7€ . i 6 EGF #1 EGFR 73 5 %k H
EGF 5 f& £ | i 77 & ( ELISA ) Al EGFR ¢ # £
W50 & (ELISA) Wil 2, DL Bl & 0 B i
FEAEDFHEA R A . 18 E E S )R AR
MR Ng Sy S Tijima 250
S 7 E o

W i 48R0 R e LA FEIH LR ARG,
LA FEHLIR 6 et , WU iE T b 5 W (i SOk
THEE 7 cm &b, A iz OB T B 14 5 — 25 i R AL
10 cm &b, J5 I B FREALT] 10 cm 4b)2 ~3 cm,
F Bouin [G¥E [ &2 , # ML LK , 7 355 6 3, % 42
PIR (JERE 7.0 pm) , 75 KK - BHEL (H. E) %
o, W E R 08 BT RS A 4 58 10 1%
BB T U5, S i B 0 R I o fizg B UL )23 IR
(CREAREAFEALIE B 10 4> 000 5 % AR ILJZ R B
WO YME) 0 9806 s BE (— 1> o 38 8 DD TRy B
AW E = BT YR VB (1 A i 8 B DD T 1Y
B .
1.4 ¥iE4bE

K JH SPSS 13. 0 Geit# it 47 58 5 2243
# (One-Way ANOVA) , ] i} i#£47 Duncan [( £ &
FEEL, P <0.05 S 22 5K T A $cds 1 LAF- 2
{H = bpifE 2 (mean £ SD) IR .

2 4

21 L¥RBYEFEHEAARSEMEY
EA

B L3 SR W K B T A R 0 2
B LR R A T R R AT B
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114 ZEOBEAE LSRR R | B Al 0 1B 25 K T g B E TCA 91 2825058 (1) 52 ) 127
B TE 16,0 g/kg 413k B4 K, 45 i o) MR 4 %2 L-ERBMTEEGERSERNER
OB T 86. 89% . 41. 94% . 104. 59% FiI Tab.2 The effects of dietary L-malic acid on
. intestinal morphology of tilapia
115.42% 29.00% . 19.40% (£ 2) ., J5 W4 8k p
o . . L. L-3¢ R/ Rl foregut
g L B R UL B U B LR R K e RERE A REEE A WRRE
EI/‘J i ﬂﬂi%ﬁ%ﬁ ( P <0. OS) , E 32.0 g/kg 2 L-malic villus villus muscular
REHE/NMEH B EMTX A (P <0.05), acid level height density thickness
. " — e T 0 16 £7.77° .80 +1.30° .88 +1.97*
[ L L A X Bl 3 s DolesnymLmELR L TR
. . . ) 1.0 59.79 £9.60° 39.50 +6.30° 8.59 +2.93°
9 B2 2 A 3 2 0 B A i AR Y SR 2.0 62.41 £8.87° 39.67 +1.86° 9.92 +1.82°
EEMAMBOINERE L, MG ATA 4.0 67.46 £8.70° 43.25 +1.50° 11.12 +3.74°
— EMHER (B 8.0 85.02 £8.11° 48.89+5.16° 13.88 +2.01¢
2.2 L'i%@iﬂ?ﬂEﬂﬂﬁﬁiﬁ{{%& Na+_K+_ ;Zg 103.09 £9.63 59.33 £2.31 16.12 12.04e
) 77.48 £7.92% 33.78 £2.11° 8.11 £1.66"
ATP By &0
EEEIJ?’E . ‘ i L4 R/ 1} midgut
B L3 9 R K A B B (0 BERE o REEE L~ IRRE
Hﬁbﬂﬁﬁﬁ (ﬁ ‘ﬁ i@%%ﬂ%}a?ﬁ%ﬂ@%%, ?’f 1.0 L-malic villus villus muscular
g/kg 4135 BV, 43 591 L X IR AL I T 63.21% il heieh density _thickness
0 28.27 £4.58" 23.00=1.41" 10.05 +2.39"
37.22% ; I8 W 5 2.0 ~32.0 g/kg ¢
A o 3 M D il 78 1 7E g/keg 4 1.0 40.34 £4.97° 24.56 +1.42° 10.49 +4.41*
8] 22 5% AN 2.3 (P >0.05) 5 Jli 8 A i 242 22 3 7 o 2.0 40.33 £4.58° 26.13 +£0.92° 10.79 +3.21*
#atNa®-K*-ATP i 15 M 252 TG B g 3, 4.0 43.94 +7.19° 27.80+0.79% 10.83 +2.71%
1 16.0 g/kg 4 ik 8 5 K, &5 B m T 8.0 52.55 x4.18¢ 28.33 £1.51¢ 11.76 £2.14%
74.54% (% 3) 16.0 60.90 £8.12° 29.67 £2.12° 12.00 £3.27°
5 3 L.z AO & & EGF EGFR 32.0 40.02 +6.52° 22.63 £0.92" 11.11 £2.24%®
3 L-¥RBMBkapE fn R e
e (e/ke) BRI/ um HEEE/ A WUZEE um
EGF ﬂ:‘n EGFR ]Zf@ L-ﬁ%@?z‘ﬂillzﬁ’ﬂ i ﬁﬂﬁ% L-malic villus villus muscular
N id level i i ickness
T (P <0.05) ¥ 7E 16.0 g/ke ik F LK, 4+ 0 e ot demly | fielnew
e BRI T 35, 21% 1 58.73% (£ 4) . 0 36.38 £6.27¢ 15.73 £1.90% 9.87 £1.92
‘ 1.0 36.98 +7.03% 15.80 +1.57% 9.18 £1.29"
2.4 L-ERBWNTIEEFHEFERSET ATP 2.0 32.05+8.65° 16.00 +1.63% 8.70 +2.09"
SEEN 4.0 31.63 £7.99° 15.21 £1.43°" 7.26 +2.83"
W L3 B AT BB, b e 4 T ) 8.0 28.77¢6.96: 14‘3311‘00:“ 7.25 +1.21°
16.0 27.95 £7.95° 13.29 £0.76° 6.68 +1.32°
== ¢ E? . OH WE M Ik B e B A
EIETHIG 5,8, 0 g ke AL PEIA P A &, 42 32.0 25.12 £5.71% 11.67 £0.52" 6.44 +0.89"

Xt HELH KGN 23. 49% 5 ATP & 4 i LS 2L 1R 19 3
Tz #EIm (£ S) .

RS B A R ZE 7 B (P <0.05). T

Notes: The different letters mean the significant difference. The same

as the following

x3 L-¥RBMFEEGEHWERE Na”-K" -ATP BiF 5 # % 1

Tab.3 The effects of dietary L-malic acid on intestinal digestive enzyme and Na* -K " -ATPase activity of tilapia

LK/ (e/ke)  SEMAE/(U/mg pro)  JRIIAS/(U/g) HR/ (U/g) Na'’-K*-ATP fi§/(U/mg prot)
L-malic acid level amylase lipase protease Na* -K*-ATPase

0 25.44 £0.29° 3.95 +0.39° 205.93 +£0.96" 5.38 £0.30°

1.0 41.52 +0.29" 5.42 +0.40° 240.11 +1.93° 5.57 £0.28"

2.0 39.18 £0.29° 4.34 £0.72° 261.94 +£0.47° 6.11 £0.21°

4.0 35.19 £0.45° 4.25£0.91°% 279.56 +2.45¢ 6.66 £0.50°

8.0 35.87 +0.45¢ 4.20 £0.69" 297.51 £0.41° 8.98 +0.36°
16.0 35.19 £0.17° 4.36 £0.41° 309.27 +2. 62" 9.39 £0.49°
32.0 32.55 +£0.45° 4.39 £0.12° 353.47 £2.09® 7.96 £0.25¢
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¥ 38 %

*4 L-EREBENFIEEFE EGF 1l EGFR B
Tab.4 The effecs of dietary L-malic acid on
intestinal EGF and EGFR of tilapia

L-32 R RK P/ HKEARKET,  FRAERKHETFIUE/
(g/kg) (ng/L) (ng/mL)
L-malic acid level EGF EGFR
0 59.78 +1.20° 1.89 +0.04"
1.0 64.04 +0.39° 2.15+0.03°
2.0 67.98 +1.50° 2.39 £0.03¢
4.0 67.13 20.17°¢ 2.51+0.03¢
8.0 75.27 0. 14¢ 2.78 +0.04°
16.0 80.83 £0.43" 3.00 £0.05"
32.0 73.28 +0.33¢ 2.52+0.02¢

x5 L-ERBNFFEFITHRRSEN AT 2NN
Tab.5 The effects of dietary L-malic acid on CS and
the content of ATP in hepatopancreas of tilapia

L-3F R BRIk -/ FrgEmR A g/ ATP it/
(g/kg) (nmol/L) (nmol/L)
L-malic acid level CS the content of ATP
0 393.63 +1.75° 679.31 +6.58"
1.0 423.62 +1.44° 700.48 £10.73°
2.0 440.17 £1.72¢ 729.06 £7.71¢
4.0 439.27 £1.19¢ 800.52 +12.85¢
8.0 486.09 £4.18° 817.31 +12.92°
16.0 390.00 +3.50° 881.40 +12.89"
32.0 202.13 £2.62° 947.89 +10.81¢
3 e

3.1 L-ERBMWFIEEBHERSMINENZ M
[ 38 1A IE 45 4 5 D RE 8 IR W S8 R A TH
A5 RS FEAS PR AIE . — JBORE £ 38 Jig 38 o AT 2 )
Sr N JE 3 B BT M AR R T A R R 3R
PR EEAL T L FEK A B b R
1o O8RS R i £ 26 Mg 1 T Ak TR g
I BRI R AR AR T R i R
TR 3 0 A I 4 T AR M R A R e AR
SR AF A, R P A IS R LSRR (1.0 ~ 16.0
g/kg) Jm , B AR 90 A JE L DLZ R B A
TR B B S R, U LS R R Y
I G 1) 7R S 1SS 2 SNTTS) 781 R !
PRI RE ) Y B m BRI T AR UE . XSRS R S
C A Y2 T IR AR S o mT o4 W 0 A L TR A 45 19
Mg T R W Ay (H L3 R R
BEN(32.0 g/kg) Ja, 7 @ P AL ARTS P AR
Ji7m 1) 250 e JRE % B 49 1 BT B 1 i A, T e A
i i BRRHE A T 5, LA Y RE D, BOR
TR i pH BRI DR AW T R 4R

K,

— P 3 1) £ B 52 W 1 3 B B BB A
AL AE A3 Ak T8 4 6 B4 3 Al 15 1k 27 VE Y 1k 1E
B i i Al 2 3 Al 1 45 T AL 5
PR YIAR G o T 10 0 B0 e 3 40K T L 1 3 4
TALRE 73R 55 o ARk rh S 0 R 1 790 X 3 3 1k
A R NS SR D 5 e S 1 ki
IR AN LR 1T 2 5 4 5 i O YA I O 5 7E R [
IR IR S 56 v i 25 19 I LT M U B b 96 35
P34 ot A A A B, 7E 0. 2% R 0 43 T
w0 Fam st R WL W 0.3% B AR E
2 TR T R g 0 R S 5 B R
RS 0, E A T R 7 G LA T S i R # . Li
A0 BUAE AR TS I 1 % R R R, TR v T
T U 0 T ) B M S L RS2 SR W k) o
W 1.0 g/kg L-392 SR ] (2 25 48 @5 117 16 0 00 T
& J05 Tt R0 7R 1 RS L S R R — 8
(R L-3 5 K V- 42 5, YR 1 A S 17 1
I P2 WA T 1 2 P A PR AR . T RE R
S5 e W g 5 A £ i 3 VE M T Rl pH (K
6.5 ~ 7.0, Jp i B Wi i e iE pH (N 7.0 ~
7.5 B L-SE SR T i R, il A pH
A DA T 300 S 1 35 M T D 07 0 05 T M 1
P 5 44 19385 P pHL Y18 P Al A Bk L 3 e 0475
S TR W B A0 5 AT RE R DR L
SEER VRN P9 pH AR, TS E & A
i I R P R RS T & A
AL P, AL P W A B S, A — R
SR T T I 2 T . I A
Wy HE A /N i B 6 0S8 M 2 00 B K AR T
Thaela %5 5% % B, 76 H AP AR 78 2.5% SLIR,
T DA R B T A 46

Na"-K*-ATP i ( UFRHAHI 5 ) ,—Fi iy ATP
SRS 1 0 B T, AT A S e i R N i e g
— TR . ASLE T iE Na® -K ' -ATP [ i 5
SE TG W 1 e, M L3 R R 7E e 3 M 18 4141
TE A FIR 5 W AL RE 0 O RIS , 352 8 T i 18 B W e g
71 AHGE R (32.0 g/kg) BIBR S 7= A AR

i 38 I AL T U E D S TR I e KR
FHYIME T EGF Rk EE W EK N
FZ —, 16 M lp i b, EGF 5 i3 5 40 B
EGFR %54, 8 3 M AL 2 15 15 35 B2 40 i 45 % Fib
WM AR K AT S B — RS A A RN
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1 4] %

e, A5 LS RO T B 2 AR 0 8 45 4 D) RE KT B TCA 95 35280 3R 19 52 1) 129

H. Lupton ™ | 2 52 2 % (g F 58 % B 16 38 10
AR AL OREER S RIS R f e M= IO A =
AL 2k R i EGF fll EGFR fifi% L-3F
TR KT 1 38 #4825 T S B R . BT L LS
RIRME R (1.0 ~16.0 g/kg) WXy iz 18 | K 4
& &AW AR AR

P, R @ B I LS SRR e F 5 &
Al R RS b e 4 A= R 1 B R E T A
T KGR B 1 R T B A T A S M A
AR 88 3R 0T A T A AR . R Aok T AR
(38 22, A E 5 Ak T 1 43 00 R T R T 1 R B
R RE BT — B R E IR, AR HE T IE R
H IR T ME TR
3.2 L-ERBX T IEARFA TCA B RN

PSR AR R A W A =R R A 1 2 e )
PR, B S S SRR BE = AR, 7E A W IR AR
AT —FAR AL B, AR A (CS) 2
TCA i ¥F 2 B v 52 ma) L A0 R 1 B Sl i F 5% HiF
S 2 R B/IN TR D FE A U I S SR R, T R e kL
PR R ER Mk B, DA TS W 1 L 25 R gk 1Y) A B8 A
J7 T HE S 2 R AR 9 1038 ; Bendahan 47 4y
R4 NRA 7838 B SFE R R v] L) 35 42 R ATP
WA . ARSI 25 S 3R BT , 3 W B AR M Rk PR
Jn1.0~8.0 g/kg L3RR, % 42 & 1 JFIE CS
3 PE AN ATP (7= A RO L SE SRR 11938 it i
I B HE % AR AT IE TCA 16 35 %8038 19 78 H .
{HE FIH2H (16.0 F132.0 g/kg) i CS 1HH: AL,
1M ATP j= A EERFEERN, o] BB 2 AE — FR IR G 3R h
P68 R 3 B I 11 1 47 32 L3 5k 7= ) 1 67 IS 45 Of 5K
B, R S R R BB P A e AT R
A CS {75 1 ; ATP 1 354E - F+ 7 g5 H
7= A AR A O, R A i — 2D 5T

VAN

TEARB AT, & " P Bk b L3R
BRIE IRy 1.0 ~8.0 g/kg i, i 036 2 Al
BT J A0 PP Jig (41 25 45 4, Al 2 M o S Bz 2 )
B, B M T AR R W W RE T, TR I R g T
TCA fEINCR . 456 HA RIS R, A R
FAF N HEE RN N 8.0 g/kg.
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Effects of L-malic acid on intestinal histology and function, and
TCA cycle efficiency of the liver of Gift tilapia( Oreochromis niloticus )

LI Zan, LUO Li", CHEN Renxiao, BAI Fujing, JING Ting, SUN Yuxuan, QIAN Qian
(Key Laboratory of Freshwater Fish Reproduction and Development ,Ministry of Education ,Key Laboratory of

Aquatic Science of Chongqing ,College of Animal Science and Technology ,Southwest University ,Chongqing 400715 ,China)

Abstract.: This experiment was conducted to study the effects of dietary L-malic acid levels on intestinal
histology and function,and TCA cycle efficiency in liver of Gift tilapia. The experimental diets supplemented
with 0 ( control group),1.0,2.0,4.0,8.0,16.0 and 32.0 g/kg L-malic acid had been fed to juvenile tilapia
with initial body weight of (37.94 +0.09) g for 154 days. 420 juvenile tilapia were randomly divided into
seven groups and each group had three replicates(20 fishes for each replicate ) . The results showed that; With
the increment of L-malic acid supplement,the villus height, villus density and muscular thickness of foregut
and midgut reached the highest in 16. 0 g/kg group which was significantly higher than those in control
group( P <0.05) ,and the villus height, villus density and muscular thickness of hindgut gradually decreased
(P <0.05). Intestinal amylase and lipase activitiecs reached the highest in 1. 0 g/kg group which were
significantly higher than those in control group (P <0.05). The protease activity, and the content of ATP
increased gradually with the increased level of L-malic acid (P <0.05). The activity of Na*-K*-ATPase,
and the intestinal content of EGF and EGFR reached the highest in 16. 0 g/kg group, meanwhile citrate
synthase activity reached the highest in 8. 0 g/kg group. This study indicates that in the dietary of Gift
tilapia,a proper addition of L-malic acid (1.0 — 8.0 g/kg) can improve the morphology of foregut and
midgut, promote the proliferation of intestinal mucosal epithelial cell, and improve the ability of intestinal
digestion and absorption and the efficiency of liver TCA cycle.

Key words: Oreochromis niloticus; L-malic acid; intestine; liver; TCA cycle
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I kit
1.0 g/kg 2H (X BR2H) 5 & B AT (40 x )5 2.16.0 g/kg 4175 & P A AT (40 x )5 3.0 g/kg 4L (W B4 S HE P bl
(40 x);4.16.0 g/kg AW E DA (40 x ) ; 5.0 g/kg (A HE P AEAIEH (40 x ) ; 6.16.0 g/kg A5 & B AT
(40 x); Tm RIHALZ: V RBHE

Plate
1. Foregut of FIGT tilapia in 0 g/kg( control group) (40 X ) ,tunica muscularis( Tm) , villus( V) ; 2. Foregut of FIGT tilapia in 16.0 g/kg
(40 x ) ; 3. Midgut of FIGT tilapia in 0 g/kg( control group) (40 x ) ; 4. Midgut of FIGT tilapia in 16.0 g/kg(40 x ); 5. Hindgut of
FIGT tilapia in 0 g/kg( control group) (40 x ) ; 6. Hindgut of FIGT tilapia in 16.0 g/kg(40 x ) ; Tm:tunica muscularis; V:villus
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