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sius auratus) FFRIERIGE AR AT . e T H
JER R T B A G L BE AR TG L R DT I R UE K A3
WEETT, VR T iR, e T I AR
ehe

KR (Andrias davidianus) /B FRELEMR, R
RGPy, #ERokh AS”, BARS
B . M. MiE N TN LR, K
FEFEL LA R R H 4238 V). B ETOC T4k
AR C ARG TS B I R WAE . AR
M RTIAT RS R, EEWAELE R C g
CIRTE X =N AR R A= =R A IR EE S
s, BARPHASENEN, B4 % C
X BT Ab 2 45 A8 R D) BE 1 52 i i A REE Y
AR BAERF I 4E: R C XKL A B IR A4
4 ST AL ORE DG BTG M52, IR R YRR R
C X RBLHAL A B AT B2 et — e e R .

1 MRS A

1.1 KRR

DLy . WK EEE A, il IR
U5, BT RN SE R RDRHEC Oy . 7E SERR R 2y
BN (D1), 150 (D2). 300 (D3). 450 (D4). 600
(D5) 1 750 (D6) mg/kg N4EA R C (B4R C
TR E R C BRI, 35% o, dbat
FEAWFEAR A, Bl 6 4155 A 55 15
[ Ml T (CP) 56.35%, HLIRHT (CL) 11.88%)] )/
REo TEREERE 28 Ry B AL R R 2 WK i 60 H i
H 9FZ-35C R URL iR BB AL (1L 2R 4 30 LA,
A BRA ) BEFHR AR UK EAR 4 mm 247 1R,
HEF 40°C LTI T RUZ SRS 2 B 028
FERBARRNAL 7 BB SR R LR 1
1.2 ZERIT5ER

ST FH R 50 0 [ D UL P SR VR K B R A
Syl —HE EF A DB E TR, T IA SE )
KA 2t Wik}, ol H2 1% B E O &
J&, TEREWNMFMOM RS (5750 R 525 &40,
P IR 2 B ] Y B A R AL 3 R L R R IE
W RS, Ve 144 BIATE N (34.14£0.15) g,
PR fgeH: i gh 5, BENLST L 6 S, RRA 3
NEE, BPMEE SR, M T/KERN 10 cm 7
JE S8 RLAE (70.0 cm»45.0 cmx17.5 cm) F o, 43 5%
W6 FpA R 4 &R C S miERL, F7FE 90d, /K
PN A KK, & H T 7:00 Fl 19:00 45 e 7K
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Tab.1 Basic formulation and nutritional components of

the experimental diet %
JsURk o
ingredients content
ik fish meal 38.0
XS AIKY  chicken meal 14.0
MEREL 18 blood globulinpowder 3.0
faydE  fish pulp 5.0
A" compound protein 19.0
VEN  starch 8.7
il fish oil 5.0
A% — &% monocalcium phosphate 1.5
SALAERE  choline chloride 0.3
HARINAP  compound additives 55
il total 100.0
BEFRAR(THER) nutrient composition (dry basis)
HMAE T crude protein 56.35
FENG  crude lipid 11.88
FMKSy  crude ash 10.03

He D) BEEA, WARERRY DEGRINFAEET w2 ik
REECRE YA %C), 4F 34.1 mg, 45 14.0 mg, % 150 mg, 41 3.2
mg, 0.8 mg, %54.0mg, i 0.3 mg, #EEHKA2500.01U, it
B, 5.0 mg, 4E/E#B, 10.0 mg, 4% B, 10.0 mg, 4E4%B), 0.02
mg, #E/EZED 2 500.0 IU, 4E2E2E 100.0 mg, 44 %K; 10.0 mg,
JH 100.0 mg, & 5.0 mg, IZMREY 40.0 mg, EH)E 1.0 mg, NI
J 100 mg.

Notes: 1) compound protein, involving patent protection; 2) compound
additives provided per kg of diet (no VC), Zn 34.1 mg, Mn 14.0 mg, Fe
150 mg, Cu 3.2 mg, I 0.8 mg, Co 4.0 mg, Se 0.3 mg, vitamin A 2 500.0
IU, vitamin B; 5.0 mg, vitamin B, 10.0 mg, vitamin B4 10.0 mg, vitamin
B, 0.02 mg, vitamin D 2 500.0 IU, vitamin E 100.0 mg, vitamin K3 10.0
mg, niacin 100.0 mg, folic acid 5.0 mg; calcium pantothenate 40.0 mg,
biotin 1.0 mg, inositol 100 mg.

1R HRBEA BB R, BORFES%
2 diFE 1drHRmREX, TXHH 16:30 $21,
2 h JE Br R AR T EHA AR E I I SRR H E i,
B 2 JEF S R BEAR R 1 Uk, AR R S5 R 5 Y
o O R SRR 1] S DX PR AR R
KR 21~23C, WA E>6.0 mg/L, A<
0.5 mg/L, W fiPREE & H<0.05 mg/L, pH 6.5~7.0,

13 HmXE&E. Hl&

FRPL ARG, MRS E 3dRBF K
J&i . F 50 mg/L MS-222 (3 [ 3% 4% 5 Wt Sigma 7\ ]
) VS TRORRIE RS A A A R B R T ERORT
FREE, TR ERANE R, ERNEE DR
BLEEH 5 e KBTI AR f5, 78 vk rh 47 ik
i, B 0.3 mL I3 & T 85048 rh Sz BRIk H AT
I FRAGE I 5 G4 i YR A v i AT 2 A 50
(4 500 r/min, 10 min), & Ifil 3% I+ A—80°C vk

T KPR 25 3246 sponsored by China Society of Fisheries
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R . AR SR, e E . il
LA AR . BRAR . R K K K, A X 0.
300 F1 750 mg/kg 4t A= 24 P ) RKETELZ) 1 em® 1)
B . R E (BT S cm) AI8UE T2 RH
PV R T, AR IR AR RS B T -80C
UKAETR A . fRbR e T, WO S, 19
(g/mL) IMAZESERIK B3 A A Hds o)
K CIRABRIEENKB T, FRHAIREE O
(4°C, 4000 r/min, 10 min), H EF R HISHIEER
OrEAET-80C VKA A . FELI R, AR
N B3 A AU T SE I S AR BRALYE , JfH BR
VU R R 2E AR 32 D 2 ) AR I3 T BE A T o

14 $RIRE

A& K I AW 1R (weight gain rate,
WGR, %)= K & & 4] 1 & 58 /0] 1h 14 & x
100% .

FE R (survival rate, SR, %)=SEE 45 R 5 K
B/ S Y T A R K B < 100%

A8 K Bl 64 M T K8 AR M H -
K'-ATP B MR AR . BB . ki
FI Na'-K'-ATP G BRAUEBE B G . i 107 i A
VE M BTG 5 MR A . SR A AL
filf . FRYEWERRREG . DMERRIREG . A EEEEE . A
VR 2t it 3 M B R AR R s RUE Y

TR I A 7= B S

H. M. FEHE £E&884k 94 &
AL R 2 R A T B A
HVER A, WIRIRER 6 um, TRAKS -t
41 (H.E) Yoo, I H IR0 2 B . ke
A 5 AN b e R R R R L IR B i RE R
B, BOFEIME, BARESFHIIR (40x . 100%),

1.5 HBIESH

S S5 5L SPSS 22.0 AR X B i AT HL A
E 2508 (One-Way ANOVA), Tukey [KZ & b
BOATATAN 22 R B ER R, WE KN P<0.05,
Bl A4 PR UE R (mean+SE) &R .

2 4R

2.1 HEER CXHKRBFHEEKMERENT N

e R C et 3 58 m R0 B Kk BE (P<
0.05). FfifakHAEE 2R C KRR, KB ZR
FXHE (FBM), HEAR (WGR) ¥ REH KnET
R s fuiash, HITE D4 (450 mg/kg)4l ik 5 i
K, 439k 69.62 g/ A 102.04%, 4EA%E C &
J 300~750 mg/kg B 22 S HIA B 3 (P>0.05), {HIY
B T X R (P<0.05), k4R % C Sant
ML) BTG TG0 B S 52 1R (P>0.05) (3% 2).

®2 AREEER C FEMNKRREKFMERFRABMm

Tab.2 Effects of dietary vitamin C level on growth and feed utilization of A. davidianus

Tkl dEd: ZCE &/(mg/kg)  feed vitamin C levels

TiH

item D1 (0 mg/kg) D2 (150 mg/kg) D3 (300 mg/kg) D4 (450 mg/kg) D5 (600 mg/kg) D6 (750 mg/kg)
Wi R E/g IBW 34.14+0.07 34.05£0.17 34.19+0.09 34.46+0.10 34.27£0.11 34.22+0.07
KK FEIg FBW 64.68+0.85 67.03+1.20° 68.85+1.01° 69.62+0.71° 69.1140.65° 68.92+0.71%
MER/% WGR 89.47+1.81° 96.80+2.13" 101.37+1.22° 102.04+1.68° 101.64+2.70° 101.43+2.84°
JMIEHR/% SR 100.00 100.00 100.00 100.00 100.00 100.00

e FATIEARA NG P REORZE R B (P<0.05), R,

Notes: In the same row, different small letter superscripts mean significant differences (P<0.05), the same below.

22 HER CHABBIHUEEEMARRS

I WORs SU N A= RIEE f AR e A TR T e
(P<0.05), MZEYE: R C &R, H-K-ATP
it S 4 B R R TR B ny e, HISTE
D3 41 (300 mg/kg) i5 £, 43310 3.54 F137.91
U/mg, 3T DI G BR4L) 40 B3I T 27.87%
20.69% (P<0.05) ( 3),

R E K722 4 /8 sponsored by China Society of Fisheries

Tl rp A e A 2 C W TR REL
JEEJE T S (P<0.05), HI7E D3l D6 4H
] G W % 22 % (P>0.05), H¥Y B F & T D14
(P<0.05), M BEIRZ45ME, D3 A B E
FBE 22 FE IR 1 Bz 4 B A% B D1 R D6 41 B i 1 £
(P<0.05), 1M D6 £H fY K5 bk EL bR 41 e 0] B & 22 F
D1 1 D3 4 (P<0.05) (i [ ~IT, %% 4).
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Tab.3 Effect of vitamin C level on digestive enzyme activity in the stomach of A. davidianus
T H Akl CH & feed vitamin C levels
ttem D1 (0 mg/kg) D2 (150 mg/kg) D3 (300 mg/kg) D4 (450 mg/kg) D5 (600 mg/kg) D6 (750 mg/kg)
H™-K'-ATPase/(U/mg) 2.61+0.16" 3.18+0.43° 3.54+0.25° 3.47+0.32° 3.34+0.05™ 3.30+0.23°
2 ARE/(U/mg)  pepsin 31.41£0.31° 36.58+0.45" 37.91£1.09° 37.2+1.06° 36.28+0.3° 36.1740.21°

ElhR 1

ARNYEER C EEXN KRB

EEIER AT

1.D1 41, 2.D341, 3.D641; FM. MABZ, SmEMTZ, MEJUZ, Sed¢Mi.

Plate [

Effects of dietary vitamin C level on stomach wall thickness of A. davidianus

1. D1, 2. D3, 3. D6, the same below. M. mucosa, Sm. submucosa, ME. muscular layer, Se. serosa.

2 250 um

E R 11
Plate I

mR— W

ﬂﬂﬁi? C ﬁiﬁkﬁﬂﬁéﬁ%mﬁﬂ’l Al

Effect of feed vitamin C level on the height of gastric villi in the gastric tissue of A. davidianus

E ki 111

ﬂﬂﬁi% C AR BRIEEEMNENIm
EP. ¢, CEAR LR, MGEEIRE, GG.HIR, meZhdiE, LCIHKEFAIM.

Plate [[I Effect of feed vitamin C level on the structure of gastric mucosa of A. davidianus

EP. epidermis, CE. cylindrical epithelium, MG. mucous gland, GG. gastric gland, mc. mucilage cell, LC. lymphoid cell.

23 HER CHARBFEHNEEEM AR
IL.\EIJE';]][.]

K W5 fiz 3B BE R L . s U7 B R0 Na'-K'-
ATPase {fi PE¥I B R EA R C B i 93 in iy 2 2%
FE# TREM B, IFHTE D4 45 8] &,
SR 7.62. 46.52 i1 2.68 U/mg, % D1 ZH 43 Bl
BT 37.47%. 125.72% Al 61.45% (P<0.05), {H1Y

https://www.china-fishery.cn

TE4E A 2 C & 5N 450~750 mg/kg I 22 F R i 3%
(P>0.05), 4EAE R C X K67 18 3E 5y i 37 44 T W
WL (P>0.05) (£ 5).

YrrE 2 C AN R W 1 L IR R KK
B (P<0.05), H1E D3 ik KA, 4359
h1136.45 1 886.71 um, #HJ5E 5T D14, M4k
EE C &8N 750 mg/kg I, %EHJLFFF?—'?XW
WRZH 22 5N B35 (P>0.05), 1 4076 5 3 ) i 3%

i K= 2% 25 32 /) sponsored by China Society of Fisheries



WA, &

K725, 2023, 47(10): 109614

R4 HEERCEEINAGBEEHIFM

Tab. 4 Effect of vitamin C level on the stomach structure of A. davidianus pm
WiH R FECH R feed vitamin C levels
item D1 (0 mg/kg) D3 (300 mg/kg) D6 (750 mg/kg)

WUz R B 663.81£14.611°

REFE  villus height

muscle thickness

84.37+9.31°

736.87+97.05 783.11+68.71°

129.68+35.09° 137.17+42.21°

x5 AREER CRMENKEFIEHLEEEMENFE

Tab.5  Effect of vitamin C level on intestinal digestive absorptive enzyme activities of A. davidianus U/mg
W R FECE & feed vitamin C levels
enzyme D1 (0 mg/kg) D2 (150 mg/kg) D3 (300 mg/kg) D4 (450 mg/kg) D5 (600 mg/kg) D6 (750 mg/kg)
BEEA chymotrypsin 4.67+0.14" 6.1+0.4° 6.42+0.73" 7.62+0.36° 7.36+0.37° 7.19+0.24°
NEWiKE  lipase 20.610.54° 27.7942.19 36.5342.48° 46.52+2.19° 45.89+3.90° 46.22+0.44
VEANES  amylase 0.22+0.04 0.19+0.01 0.17+0.06 0.1840.05 0.18+0.04 0.19+0.01
Na'-K'-ATPase 1.66+0.01" 2.07+£0.01° 2.31+0.01° 2.68+0.13¢ 2.59+0.07* 2.63+0.14°

FXF B (P<0.05). K5 8 25 s 56 b ) ek 4 A=
E O iPANE S S SR S VR A
H7E D3IHKER RN, 5 D6 d xRN NE P>
0.05), {H W ZETXFHRLL (P<0.05) (6, EIMIV),

24 TARMEE R C X KREIFFARIIEERMBLRES
=R

Bl DR EAE 3R C KPR TR, RN
T (MDA). 45 B S (AST) A4 9 5% 2
(ALT) PTG PEY 2 RS 1 TR e A2tk
- 7E D3 435 B J ik (P<0.05), H MDA & & 1E

ik & C N 300~750 me/kg I 22 TR i 2
(P>0.05), AST K ALT iGPEFELEE R CIRInE N
150~750 mg/kg i 25 5 A 3 (P>0.05). s AL A
i (CAT). SOl LB LG (T-SOD) . MR MERE IR
fiti (ACP). BT B MR M (AKP) 16 ME W B 4E A= R C
THRMASEEAEREN B, H CAT.
T-SOD F1 ACP 1% VE7E D4 4l i, # D1 4443 %
BT 77.43% . 22.61% F141.52% (P<0.05), i AKP
TEPENZE D3 A, % D1 T 24.04% (P<
0.05) (% 7).

Rt URHAE AR 2 C SR g, B 20

F6 ARHEEER CRMEN KR FESHHT M

Tab. 6 Effect of vitamin C addition level on the intestinal structure of A. davidianus

BgE|

TRl ZCE&E feed vitamin C levels

item D1 (0 mg/kg)

D3 (300 mg/kg) D6 (750 mg/kg)

WUZJESE/um  muscle thickness
2B % /um  villus height

/% cavity ratio” 31.41+4.97°

124.51+11.41°
649.93+63.97°

136.45+17.05° 129.83+8.71%

886.71=175.41° 847.64+62.21°

12.76+3.24* 14.63+6.33°

Ve * A A= D) A A TE R DI T R < 100% .

Notes: *. cavity ratio = cross-sectional cavity area of intestine/cross-sectional area of intestinex100%.

e

BRIV (ARHEE R CRMEN KR FEHRAEHRIF M

2 250 ym

Plate [V  Effects of dietary vitamin C level on intestine structure of A. davidianus

[ K P2 2% 25 32 Jp sponsored by China Society of Fisheries
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Tab.7 Effect of vitamin C level on the liver enzymes of A. davidianus

T H TR RCE R feed vitamin C levels
item D1 (0 mg/kg) D2 (150 mg/kg) D3 (300 mg/kg) D4 (450 mg/kg) D5 (600 mg/kg) D6 (750 mg/kg)

PiFLFEFT  antioxidant index

A EE/(UL) CAT 4.52+0.04°" 6.21+£0.20° 6.78+0.11% 8.02+0.05° 7.47+0.38% 7.5440.16°
P ¥ /(mmol/L) MDA 14.16£0.90°  10.48+0.47 7.28+0.21° 8.51+0.11° 8.69+0.16° 8.7340.19°
AN B AR/ (U/mg)  T-SOD 54.89+1.23"  60.33+0.21° 63.49+0.22° 67.30+0.10¢ 63.05+0.16" 64.79+0.92¢
S friEts  immune index

TR IEWEIRN/(U/L)  ACP 5.13+0.50° 5.47+0.78" 6.12+0.95 7.26+0.71° 6.93+0.53° 6.51£0.61"
BIERERRE/(U/L)  AKP 21.63+1.47"  25.51+2.44" 26.83+0.74° 26.35£1.81° 24.36+0.91" 22.614+2.10°
FFIRARIEESR  liver metabolic index

B /(U/L)  AST 16.54+0.46"  13.83+0.96" 13.45+0.60° 14.41£1.27° 14.72+0.89" 14.91+0.76"
BNHAM/(UL) ALT 19.09+0.67°  18.74+0.63" 16.29+0.32° 16.87£0.26° 17.63+1.49* 17.79+0.93*

M ge L] WAL, D1 40 A 1AL BOh ™, AT
FIERF /N ZEAG R T, o e bk B XA L o
R EL AR, AT R R i PR AR A ik 2
0N S M AR AR, B AR, D3 40
DAL AE e, /N SE R SR E, 20 S A AR

(P<0.05), JE#E MBS M/ D3 Aok, R 8.81
U/mg, NgWilGE e D4 4l fs®, M 52.53 Umg,
HLBEE (TG e 4 2 C &80 300~750 mg/kg
B 25 58 W3 (P>0.05), ARG EAEEAE R C
HHN 450~750 mg/kg I 25 RN B 3 (P>0.05), 4
AR C XTVE R Bl I 1 TG i 2 52 (P>0.05) (3R 8).

R, BEEATEC, Pt K BT T
S AR T SR . D6 AL 4
REM L F DL Am LT D3 A (EV).
25 W E C XA LS M H R 31 HEE CHASENNEEENAOTS
5 B B B RIS T W P A b g PO
Y 2 C A I IR S 2 b T R 1 B G R R AR | SR RSB I K
RS HAEE CEENAEERELEEMENIT

3 e

Tab. 8 Effect of vitamin C level on the activities of digestive enzymes in the pancreas of A. davidianus U/mg
W Tkl 4 ZCE R feed vitamin C levels
enzyme D1 (0 mg/kg) D2 (150 mg/kg) D3 (300 mg/kg) D4 (450 mg/kg) D5 (600 mg/kg) D6 (750 mg/kg)
BER AN chymotrypsin 4.2340.16" 6.81+0.29° 8.81+0.32° 8.51+0.41° 8.58+0.31° 8.16+1.0%
JEWikE  lipase 37.38+1.59° 39.88+0.65" 41.63+0.68" 52.53+0.88° 50.12+1.81% 50.96+5.72"%
VEMIEE  amylase 0.62+0.04 0.64+0.03 0.59+0.07 0.58+0.04 0.59+0.05 0.62+0.03

¢ X 2 2‘5011 i
BV (ARYEE R CRMEXT KEATAFELLERIF T
CV. ek, PAJCAIX, IC.HKE4IML, IBD. /M AHE, KCJTEWEZNM, HCJT40M.

Plate V  Effects of dietary vitamin C level on liver structure of A. davidianus

CV. central vein, PA. portal area, IC. lymphocytes, IBD. interlobular bile duct, KC. kupffer cells, HC. hepatic cells.
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PRSI AR RIS TR . AT S Sh xR R I A
T3 0 B X AR VRS R R . R
A Sl s R F 50, BN
ORI P A S W T AL R ) 1Y B AR AR, 1 R
AN H-K'-ATP Al SR B BT AR SRR, E
WO J5 AT ARHS ATP 3 R B RE R KRS BE
AN, [EEPE H W ANE I, 2 H R AE
A I RETE VPN FE b, vl S 3 P TR B
MEHY. B EARE -t E AR, h 8
R EA ) HE AR, 2B RaE HE
SR RS B AT 6 PR A 2 U . RDRE AR
T o i /N B, AR RW, 4EE R C L
i 2R R 42U H-KC-ATP B PE e
[ 5 P (P<0.05), K5 H H-K'-ATP [ fil 5 &
H RS M B4R A R C & R i 2 e TR FE
%, HWTEAEE R C &5 N 300 me/kg Wi
e, KRB R BRI R4 AR 3R C Uy 450
mg/kg B ey, H4E4ER C &K T 300 mg/kg Hf
(22 5 8 3 (P>0.05), 5xFJe ¥ B9k 1 (Oreo-
chromis niloticus) . %& 41 W (Oplegnathus fascia-
tus)" M A B (Epinephelus awoara)™ W57 45
RIEA L, UHZEA R C IRInfEdE 1B i
PRREAOTE P, B2 7Rk E I 1 o 0 T A AT
W, fEiE TRBI AR . TTRERKONEEAER CH
IS 20 3 AL B P AHAR A4 i OR A  f
SRR HY, Rt A w44 R C TR E
NIRBBE , Al rT A SESh ¥ B R e b G A 2>
S B B oyt 2™, TR AR WA pH E,
o H O REE T, P2 e B R AL RE
71, PR REL KR

THAL AR B 25 TR B AL A Y 45 44 St
ARG A TE DL B T A, X R S, E
JEHALR) FEASE, Bk, HE5H 58 B I REIE
S T A2 W R D RE Y 32 03 K AR Sn S iE B
I B 58 o W BAT B EAE T ARESE
BEA AE/E R C SN py 4, RS BE L) R
MY T Y W E R, F oKD HRE, ok
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MR E R R FRIE R ZE, SANFH—
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S EHL A K LTI I RE R IE 3 4%
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RERE R R m A I R B AR U
PE, SR A UTRRY, 2 B (R B
J B A B RN R, R R B TTAR Y, AR
e, dEAz 2 C WS o o 5 e oK 050 i 1 58 2
P . AB g . €k AN Na™-K™-ATP il (1996 74 o
T YRR 2R C AT S 3 o K 5 gy 8 JBE AR 1 R
Jo 38 g 7 i i 0 M, AR R DR SR AR AR
DU, PEm A K PERE . Mitra SEP BFSR R, B
T 750~2 000 mg/kg HYZEAEZR C BEAE S w5 BEAL 15 d
2PN B R B i B UG L R I RN UE A I
PE, XSARMRERAML ., EOFEFE" YCHTE—
ERE LR 4EER C e E 1S E
1 (Pelteobagrus fulvidraco) 7 8 5 [ 1§ 1 3¢ ¥ B
PTG, (AR 107 e 3 PR 0 5 4 AR R C s
BRI KR, SARHRGRA —ENES, 7]
RE S TR A . RS FRAMEARRA L, il
H Na'-K'-ATP [ 2 A7 76 T 40 i) —Fh s 2k
H, 7ESiRe il . wiiitis | fFoGsss
T R A B . BRAEESE I Na'-K'-
ATP P15 M 5 1 18 W A O RE A B G R
ABEsE T, KEGHIE Na-K'-ATP BigE 2 Fi 25 48
 C HmmBmEermaRmn s, 3
IS B4R C &l DL i Na'-K'-
ATP g% VRN R BT A RE T, NI a2 1l 5
YmT W UORR o AL B 25 SR TE @8R (Cyprinus
carpio var. jian) 1t THEAER A Z RN MR
MR J% 55 0 246t (Schizothorax prenanti)!'® %} T
W R EFRY I th A Bl

1V 18 2 S ROSCE SR B £ P, 8h
W) R A R A R A ok B RO SR
R HAERETWT L, K7 shY i s e s
A DL W 3 X E SR B R RE T . SR
M. BEEE, WIE RIS B . B EE L
J2 JEE R 5 ) 75 SR ) B A IR R RS AR
YEA:Z C RN Ry 300 me/kg A KB 7 38 S E 5
L WUR R B T HAR , B AR 4EE
£ C o mie AR o H i 8 55 v B LR R
PIXEIN, M4EE R C B2 S0 AR TR
B AR, DT e X 524 5T 1) I A6 F
W, sEm KRB A

3.3 HER C MARATBETIRERB LTS HIFNT

Z 53 bRk r= s pLAR 236 M4 (ROS) 1Y
YU 2 Gt 3 200 15 it 7 6 2R 45 R0 A Bt 7 4R
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ARG, EWAEBFEOT, HJUKA ROS 77 A4 ATk
Bk 1 TSk R G A A T 4 3l S o (H2Y
IR B 52 B A N L R, 2 R
RN E AT , A A 103 1T
£ ROS F7E TR T - Bty 4 LB g L0312
ZAMIFINRITIR , 3 UG i AT e A A
B MDA, BUE KL N MDA AH X 5 A A i it
PUIA IS 5 52 B AL 0 1Y B g bz — 1 7l
TERGE, SOD W] LUK Wk 5 7 A= 1) it S B B 1
AL Hy0, F1 Oy, 1842 PUFA & E L5 E R B
I BEXTZH AU R 4505 . MDA W2 s 5 4 ik
R4, RSP B AT B E ML BT Ak
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SOD i 1 I FE 45 R A — B, = LA LB,
BEE SRR C SN Th g, & B 2 AR s A
JILP rf SOD 1l CAT {if £ #i 4 fin, 1 MDA %
2 TR Zhou XWX R, IHIMA
[ 6 B8 4 A 38 C n] g 35 49 55 458 4 (Rachycentron
canadum) H1aFFAEFNLA BT AALRE 7. H AchS
i (Anguilla japonica) Ifil 7 SOD ¥ 14 Fifi 17 ¥} 4 AE
R Comnyghnm R E I &m™, UL S A
FEARA —E WS, WRESE T IR 5 b AP A ]
L2 C yds e A E e,

BRPE BRI 2 A T R AR S Y 25 A 2 21
H, AR — R E SRS, HES
5 WAL A S R A BRI, A Sh R
T o WSS A R e R R AR
TR 85 7 B 53 2 1 P S0 T 5 e B A T
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WU JEAR Y R T 254, 1 R AR ZE LA o Ji
R R R RE T, A B TR s R i Bk
TN TR B I v A S AR P W A Y
PRI PR ST, 2 A A 10 B L2 Ry, AE L4
JHL AT AT W R0 S by, Pl Bl A TR M TR T
AR, [ B BRI —FF , RRVERR IR 2
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R 6P U PR M O TR it . e R I il 0 e DU 2 i 4
AEF C U W3S 2256 LS R AL
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Suscus)” AEAE ZUS I SE 0 R LA — 3L

I 2 2 TR e I R 2 2 Tl s T A4 L P
IEH &M T Z AR R A S B, Y
200 0 52 P 2% 1 D RE R A A AR I, 2 L PN
SRR AT B MR, DA O I B e Y AR Ak R AT
P 2n sz i AR EE Y, AR, BngEA R
C Jia AR5 ) 4% 2 2 I TR 4 TR e 2 il 0 A
FART R, X 5 X KZZBE (Scophthalmus max-
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lanceolatu(3)]™" S MR A R IA —F . UiBiE
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W ARG, RHEPUA M IiGe. EagEd R
C i AT sl /D 5 0 A A X 7~ 1 7 A=, DR HeikaE R
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ZUrbINTTR I 40 A% 3538 22 0 A A A 200 T 1Y)
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Effects of vitamin C on the structure and function of the digestive system of
Andrias davidianus

YANG Lixiang ', XU Hangzhong ', LIU Changjiang', WANG Guilong', AIYi',
JIANG Wansheng ’>, LUO Qinghua®, LIHong®, LUOLi', XIANG Xiao"

(1. Key Laboratary of Freshwater Fish Reproduction and Development, Ministry of Education,
College of Fisheries, Southwest University, Chongging 402460, China,
2. Hunan Engineering Laboratory for Chinese Giant Salamander's Resource Protection and Comprehensive Utilization,
Jishou University, Zhangjiajie 427000, China;
3. Chongqing Fishery Technology Promotion Station, Chongging 400000, China)

Abstract: This experiment aims to study the effect of vitamin C on the growth performance of Andrias davidianus
and the structure and function of various organs in the digestive system. Using fish meal, chicken meal, etc. as the
protein source and fish oil as the fat source to prepare 4. davidianus basal feed, the basal feed was added with 0,
150, 300, 450, 600 and 750 mg/kg of vitamin C (vitamin C phosphate 35% content), formulated into 6 kinds of test
feeds with isonitrogen and isolipids, and the initial body weight of (34.1440.15) g juvenile 4. davidianus was
reared. The results showed that: the increase in the weight gain rate (WGR) of 4. davidianus's vitamin C addition
level showed a trend of first increasing and then becoming stable, reaching the maximum when the vitamin C level
was 450 mg/kg, which was 102.04%. With the increase of vitamin C level, the activities of pepsin and H-K'-
ATPase of 4. davidianus both increased first and then decreased; and reached the strongest when the vitamin C
level was 300 mg/kg; intestinal chymotrypsin, lipase and activity of Na'-K'-ATPase increased with the increase of
vitamin C level and showed a trend of first rising and then tending to be stable, and both reached the strongest
when the vitamin C level was 450 mg/kg (P<0.05); it was found through observation of tissue sections when the
vitamin C level is 300 mg/kg that it is more conducive to the development of the gastric and intestinal muscle layer
and villi of 4. davidianus (P<0.05); with the increase of vitamin C level, the activities of CAT, T-SOD, ACP and
AKRP in the liver of 4. davidianus all showed the trend of rising first and then falling. The activity of MDA, AST
and ALT showed the opposite trend of change. Moreover, with the addition of vitamin C, the infiltration of inflam-
matory cells in the liver of A. davidianus was significantly reduced, and the number of macrophages was signific-
antly increased. In summary, proper amount of vitamin C can effectively improve the structure of the digestive
tract of 4. davidianus, enhance its digestive enzyme activity, improve its growth performance, enhance liver anti-

oxidant capacity, and effectively protect liver health.
Key words: Andrias davidianus; vitamin C; growth; digestion and absorption; tissue structure
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