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wAE EHRAE OF A KRRE F 40 EBlx B OF OB K&
(1. PO RS R 22K 28, BT K B B S0 o, WK B SRR R S AR B R 8 0 B0 4 S 2, LK 400715,

2. ERTKP= AR Bk, EER 401121; 3. EEE AT AN X K2R AHE 3, F K 405400)

FHEE: R I0 SR TR AE A AR b (R AR 2 RO, T 420 AS R 88 95 o R R A5 R S i S B T RL: DO(0)
D1(1%). D2(2%)HAID3(3%), til M4 4444 5 &8 (54.23+0.26) g KBi105d. 25 5 Bor: (1) K& R &
(FBW). B ER(WGR). $5EEKESGRME B EWIED24LIA B, Ak ZRE(FCRYBRL. (2)D241AL
PR B B s, S v T BB KR 17 7 SRl S8 D5 S I 3 N R B B, (R 23 Ky & B b
A& . Q)L NG SR m B mohs, B &AM E. B -K -ATPERE P ED 141 W id 5 07 B
Pk Na'-K'-ATPEGE I Kl 57 b5 2 B 1 D24 5 i P ok 21 1 it ek R M s e CE D3 AL I B . () 4%
TR TR0 2% N, A 1 S AL RS J1(T-AOC) . S B A B (T-SOD)E I i 35 T, I 4
ZRE(MDA)E W K. () I INRE CGE s T DR, A PR K IR Th A B A (AST) . I FE
R HEALT) AN 5 B B (AKP)VE M Ay BRE AMIgM) M —Z AL Z(NO) & B2 HIAED2 D3 4 B R &
(6)D24H 11y 1y % P g 2 1 JIEL [ it (HDL-C) FMEC % B IR 2 11 JIH [ B2 (LDL-C) Fig b i 9 BRAR S5 IR [ 8 (TC) 75 2
I 25 % T I R PR A N T AR, HH = BR(TG) & R R E A . WF AR M, HAR 2% 58 95 H- s In 7 o 3 K A
A KA AR AN B 7 D RESE T T IR G BOR B Ak

REE: hERE; TR AKVERE, BmThRE ATTheg R BRBURH

& 4251 $965.1 CHERFRIRAD: A

o B K (Andrias davidianus), 18FRUE £,
T (A SR, T S R R 2 SO A
TR T, T\ T B O 2 ) B A
K5 H R, KB TR B AR TR W A, (R k)
HEA MR E " . A A2 SAE I AR I
S, FFIR T KR R & el BORME e . BRI R
SREVEE . BB A SRR . SR IR K
AT MR 5 IR A R AR AR . B
TR b 25 ORI R T T R o 1A
B T BN TR AR R EE R, DI, Bk
P WYL S AL PR RS, H R EAETT
JEHES AL TAE .

WP A KA o 9 A B3 SR T, SR 4 T
AL IS IS 7 BT S o AR 7 R A 2 A
AR IS 36 2 SRINRTAR R, 44032 0 0 ) A 38
1 R AT 0 ot B P I A 7t 9 S A1

ks B HA: 2020-04-27; &1 HHA: 2020-09-06

X E4RS: 1000-3207(2021)04-0774-07
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MR K5 78 77 7 K, Be i DAAORy XS PRIA A
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1 5 R K B SE b AR, DA AR R A i R
A, EHIERE o BRI 1% 2%F13% & & 11K 5
I (S 56 FH 58 3 e s 4 5 75 5:85.05%, AL &R
FE23.13% MR T B 57.78%), Fo il 4 45 4
SRR SIS AL, 2 Ay 4 D0 D1, D2FID3.
PR R R 40 H W, RURL DAL i R AL
(VU N =AUk 3% ) 9FZ-35C 2Y) il il B 4%
4 mmZc AT EORL, AR T, XUZ RS 34 I F 4
1, 20°CUKFEIRAT & F o SEIR RIS 7 & HE A S
FEHRILE 1,
1.3 SEIEFEIR

IE LG FT, Sk [B] K 8 ER R 2d, 21%11)
K TG, 755 IR K IR 8 =LK S,
i DLR B LR AR DO 15d. Rk ik 2 J5 ik
PR 15)(54.23+0.26) g PR {EOH: Y KB 128 2,
BENL 2 B4, AW EANEE, N EHESE, 1A
Fr TP KRS K2 22 B K r= 95 58 R G0 1 16 € 98 k)
FFEH, HFET70 cmx45 cmx17.5 cm, /KIS cm,
KU NIE S E RIK, BRI % 100%45 7K 1K
KAGTE AL B PII , #OE S 2d(17:30) )5 15
B 1d, TER3hJE 45 R, SRR3R E 1K, R E R
i SIZI6 R ) 438 215 O R AR R i, AR R A
KA 5T B 10.7%—1.0%, 1E RS20} (71 105d. 1A
SRR TG IR, I 2 A 4E K iR22—25°C, B iR
5>6.0 mg/L, F A S #<0.10 mg/L, WAHER 5 f<
0.10 mg/L, pH 6.5—7.5.,
14 HmERE

KA F7 G S 56 45 R E LR 72h, BAHB AN EE
B AL 3% HY 6 )2 K 50 FH 3 EMS-222 R I, Bk = e
1 mL ) — 0P TG B R 5 2% 78 B2 i ik A HLIfL, 4500 1/
min /0> 10minffil] & LR AN BTG G, N
—80°CUKAH WARAT, HIT I3 AL 8 hnill E « 5K
KA K _E g, B 58 P Ik R A, A
B s AR LR 5, I RGE S, F5N-80°C
VKR
1.5 $ERNE

A KRR E : FEFRFA LIRS RS, 15 872,
T B PR 2 % 2H K5 A ol B AT A ) o i, B AR K
fabr, THE AW

4 ¥ % (Weight gain rate, WGR, %) = (W~W,)/
W,x100;

T € A2 K % (Specific gain rate, SGR, %/d) = (In
W ~InW,)/Dx100;

Tkl %4 (Feed conversion ratio, FCR) = F/
(W=Wy);

1735 # (Survival rate, %)=N,/Nyx 100

®1 IREANEHFREEEFRS

Tab. 1 Formulation and nutrient composition of the diet (%)

LTI AR I 7K F-Perilla leaf additive level

1 H Item
DO()  DI(1%) D22%)  D3(3%)

JE R Ingredient
£ #3 Fish meal 40.00 40.00 40.00 40.00
X PRIy
Choir o 1900 1900 1900 19.00
L Perilla
o 0.00 1.00 2.00 3.00
SEEOH
Compolund 16.60 16.25 15.90 15.55
protein
o- TR TR v K
a_
pregelatinized 9.00 9.00 9.00 9.00
starch
FEERIRE
St . 1.80 1.80 1.80 1.80
£ 3 Fish oil 5.00 495 490 4.85
R A
Ca(H,POL), 1.50 1.50 1.50 1.50
?;g R AR

Sodium
carboxymethyl 0.50 0.50 0.50 0.50
cellulose
HETRE
Premix? 4.12 4.12 4.12 4.12
SARETR
Choline 0.30 0.30 0.30 0.30
chloride
figz i +
Bemio 0.88 0.63 038 0.13
en AR
Microcrystalline  1.30 0.95 0.60 0.25
cellulose
411 Total 100.00 100.00 100.00 100.00
& 7R B (32 M{E)Nutrient composition (measured value)
7K 4rMoisture 8.15 8.06 7.80 7.08
¥ % I Crude
rotein 5208 5234 5231 5296
FH g i Crude
lipid 1067 1073 1073 1085
¥ I 4
ng‘ﬁcmde 12.01 11.90 11.80 11.77
M EF4ECrude
fiber 1.75 1.75 1.75 1.77

dl EEEAN: WRETRIRY, 2RS4, £
B ShAEEERINAIRIERIK, Z4E. 20 SIRA kK"

Note: 1. Compound protein, in volving patent protection;
2. Premix contains multi-vitamins, complex mineral, functional
additives and carrier, multi-vitamin and complex mineral refer to
carnivorous fishes'”

X, W NG R E (g); WoNERA R R E
(g); DNFEHE LI REL; FRARE TR E R(g);
No NG RRH NoE R REL.

SIS AR S LA W RS 77 B I K o Er
I E K 105 CHE IR T 1#9%(GB/T 6435-2006), fH
B H(CP) & &l & 2k H UL IR E %02 (GB/T 6432-
1994), #H i3 197 (CL) & &l 5E 2k FH 2 IRHh329%(GB/T
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6433-1994).

PUAAIEPRIE . S PUEALRE J1(T-AOC) &
B SE AL P AL B (T-SOD) Y PE AT S (MDA) & &
K FH B 2 A ) TR T BT AR 7 (AR W E

HALEERR bR e B E AR, BEAR. AR
. VENEE. H -K'-ATPH§MINa -K - ATPEIF I
K FH P 5 AR ) AR I A R D

iz 285 PR 3 M FR AR I 2 . — IE A AL B (DA O)YE
P NEER(LPS)MID-AMR(D-LA) & &K A Lt
VR FRA 7 A 77 [ Elisa il 1 &l 2 (A
WIIE

JHF T fig R0 ML 2R B 8 T b D a2 A L
(AST). BN ME(ALT) B % B2 i (AKP) W
PEFI— A EU(NO) & &R H B o il A2 TR0t
FeHT A = B B E ; S Bk EE I M(IgM) & &
K g AR MR A R 2 7] 4R 77 (1) Elisaid 7l
B E (=R -

I 28 JE B R 40 52 H i = B8 (TG) S HE [
(TC). =% FE NG & A H [ i (HDL-C) AL 2 FE i 2
P BE [ BE(LDL-C) 7 5 >R FH e ot 2 A 9 TR 9
B 2B 7= A 2l e
1.6 HIEALTE

SEI6 45 B SPSS 22,000 H ¥ it 47 B R 3 05 22
43 HT(One-Way ANOVA), fiDuncan X % & HL 5 9r
Mred 1) 2 5 B MERR 1635 /K7 N (P<0.05), $iiE
FH TS5 A5 1 2 (MeantSDYE R &R

2 R

2.1 KM AR A M AR R AR FI R AV R0

B 2 A ) 2 TR AN I 3, KERFBW .
WGRMISGRYY) & 5T 5 Wy, fED24H I e KAH
(P<0.05), B DO 73 7 Tt i 134.61%- 99.79%A
68.29%; FCRIUIFH 25 75 -7 i & 1) 38 0 52 5 % 5 7
B AED2AL H B B /MEL(P<0.05), #¢DOAL R4 T
24.00%; 1735 %R 541 8] 2 57 R .35 (P>0.05; % 2).
22 EHMMKEFFREHIFMN

FEFEFE I RE PP A3 B N L, 5 K R AN [ By
BUWIREE. BINBO—3E), K4 aEER
AN E(P>0.05); 2. HEIFEAN BL( 51N
3—6/H . 6—9F9—I12/&), D2FID34L K i &
B8 EE T DO (P<0.05); Zi &4 BRI
DO K i 45 & f S i A+ 5 8 T 4%, D1,
D2RID3H A FE8: &S, HD2AfaEH K
AR T DIH, DI KE R K TDIAHER 3).
2.3 EFAMXTKERANPAE TR AR

W 5 Rk S e S R P A, KL PR R

R 2 ETRTRTRERE KM RE R TR AR RS2
Tab. 2 Effects of perilla leaf on growth performance and feed
utilization of Andrias davidianus

LTI AR 7K F-Perilla leaf additive level

i
FEFrIndex D0 DI D2 D3

YIRREHE 5416+ 5428+ 54.09+ 54.58+
IBW (g) 0.10 0.27 0.26 0.23
ZOREWE 8331+ 97.25+ 112.14+ 102.22+
FBW (g) 2.45° 438 6.16° 423"
WERWGR 5371+ 78.70+ 107.31+ 87.28+
(%) 458" 7.95° 10.95 7.11°
AR 0.41+ 0.55+ 0.69+ 0.60+
SGR (%/d) 0.03" 0.04° 0.05° 0.04™
FRLARET 075+ 0.74+ 0.57+ 0.68+
HYFCR 0.03° 0.03% 0.03" 0.01°
TER
Survivalrate  100.00 100.00 100.00 100.00
(%)

VE: FATEEE LA RS RS S 4 ) 225 7 B 3 (P<
0.05), T

Note: Values in the same line with different superscripts are
significantly different (P<0.05), the same applies below

F3 EAFMIKREGEMERIFEREMFM
Tab. 3 Effects of perilla leaf on feed and feed efficiency intake of
Andrias davidianus

BEREFI(2)
1B 20 B 3BT Bt 4B
DO 2.62+0.45 2.72+0.06" 3.01£0.20° 2.99+0.14°
DI 2.8240.47 2.85+0.34" 3.32+0.34" 3.36+0.31°
D2 2.97£0.72 3.9540.20° 4.40+0.75° 5.19+0.28°
D3 2.8840.63 3.70+0.01" 4.01£0.71° 4.57+0.35"

EATERERIAFERNESR, ED24 H I & K ME
(P<0.05), DO HE 1 15.70%:; FHARNT & & B Hrsk
TR, H A A 2 A B (P>0.05); Ko & &
K20 (8] 22 AN B3 (P>0.05; 3R 4).
24  EFMX KT BEA RSB S L RE RSN
B S e R R T AN I G o, R A
FEALBE J1(T-AOC) Al BB ALY B AL B (T-SOD)
T BT E B, HI7ED24H I i KAE
(P<0.05), DO 737 #2511 29.57%F146.54%; K
ZE(MDA) S U 26 5 R, fED24H
5 /IME(P<0.05), BDO T [ 1 38.89%; Kt Jiz &
F 4 EHAIS A A E AR ()

Tab. 4 Effects of perilla leaf on muscular composition of Andrias
davidianus (fresh, %)

2H 5 Group

LKIFHININ/KF Additive level of perilla leaf

i
Nt
¥erIndex 5o ) =~ D3
) 83.14+0.59 83.16+0.45 82.13+0.32 83.16+1.01
Moisture : : : : : : : :
L2 1 a . c a
Crude 14.56+£0.06" 14.77+0.02° 15.39+0.02" 14.49+0.05
protein
FHLE 17
Crude lipid 1.17£0.10  1.15+£0.10  1.11+0.06  1.08+0.08
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T-AOCHIT-SODIH Mt e T Ja Bt 34, $7E D24
H I B KA (P<0.05), BDOZH 43 7 $2 51 1 35.24%A11
85.73%; MDA 56 1% J5 FH a3, fED24H H B i /)
{H(P<0.05), DO T [ 7 46.30%(3K 5).
25 K7 KE B BHECIRILEE IHIR M

B A R TR R D G, KBRS
B ATH -K - ATPEE (135 P 256 TH R Bt %, JF7E
D14 H 3 KA (P<0.05), B DO 7 wlfem 1
108.20%7%165.24%; gtk H Mg FyE i 2 a3,
ED3ZH H B e KAB (P<0.05), DO 7 B4 s 1
133.00%H161.11%; i il AINa -K - A TP 4 U]
BT E A, FETED2YL H Bl i K AE (P<0.05),
BDOAL /3 MR E T 140.13%H159.53%( 6).
2.6 EFMITKEHFIEBE MR

B 55 Rk S T A i 2 R B, K A

fZ AL (DAO) WG . WEE R (ET)MD-FLER(D-
LA) S 3 B 5 s, YIED24H Il i /IMA
(P<0.05), BDOH 73 I FFAIK T749.25% 66.32%Fl1
49.55%(% 7).
2.7 EFR X KE G R AR DI BE RV SZ 00

W S Rl R R e AN I R (1 o, K i 2 e
ZEEREE AM(IgM) & & 2067t G a3, fED24H
B KAB (P<0.05), BEDOZHAR 5 17 69.35%; M —
AMNENO)F BB N M5 A, fED34 H L
B KIE(P<0.05), DO - FH68.02%; Bl I i 1z Fiy
(AKP). 3L B (AST) A 5 5 & il (ALT)
PR3 B AR R 5 THEa 3, ASTATALTAED24L H 3 B /s
H(P<0.05), 5DOZH 53l N F%25.68%H117.43%,
AKPYED I 4 H Bl i /ME (P<0.05), DO T &
41.23%(K 8).

x5 EHMI KGR AERSERELEE BRI

Tab. 5 Effects of perilla leaf on liver and gut intestinal antioxidant of Andrias davidianus

IR INKF Additive level of perilla leaf

& hrInd
T lndex DO DI D2 D3

FFRELiver

HBEAAE IT-AOC (U/mg) 1.15+0.03" 1.20+0.13" 1.49+0.12° 1.33+0.08"
SIS ALEET-SOD (U/mg) 132.5241.90° 188.28+1.45° 194.19+1.56° 164.22+4.72°
7§ MDA (U/mg) 2.52+0.10° 2.34+0.09° 1.54+0.10° 2.3540.08"
JHiEGut

BITEAAEHIT-AOC (U/mg) 1.05+0.01 1.02+0.05" 1.42+0.01° 0.97+0.03"
S EY B EET-SOD (U/mg) 11.49+0.96° 17.07+0.17° 21.34+0.30° 16.87+0.14°
i “ MDA (U/mg) 1.08+0.05° 0.60+0.02" 0.58+0.01° 0.76+0.01°

®6 RFMX AL B M IRILEE HHIR R

Tab. 6 Effects of perilla leaf on intestinal digestion and absorption function of Andrias davidianus

LTI INK - Additive level of perilla leaf

FehrIndex

DO D1 D2 D3
B Stomach
H & [ K Pepsin (U/mg) 6.46+0.60" 13.4520.66° 11.09+0.35° 7.02+0.32°
H'-K'-ATPase (U/mg) 7.71+0.25" 12.74+0.45° 10.45+0.34° 8.114+0.48"
FiEGut
JE R [ B Trypsin (U/mg) 51.79+2.53" 68.90+1.37" 99.70+5.10" 120.67+11.12°
I§10i i Lipase (U/mg) 44.75+0.60° 93.39+3.46° 107.46+3.16" 68.46+3.27°
WA EF Amylase (U/mg) 0.18+0.008" 0.22+0.004° 0.24£0.01° 0.29+0.003°
Na'-K'-ATPase (U/mg) 5.93+0.06" 7.32+0.10° 9.46+0.46° 7.8120.22°
R 7T EPIX KBRS FEEEIE MR FNG
Tab. 7 Effects of perilla leaf on intestinal mucosal permeability of Andrias davidianus
- LI INKF Additive level of perilla leaf
T8 FrIndex
DO D1 D2 D3
“JEEALEEDAO (U/L) 27.33+2.24° 19.3240.53" 13.87+0.67° 23.2942.60°
WHZRET (EU/L) 326.47+21.81° 230.78+19.99° 109.97+8.52° 148.66+15.55"
D-3LAZD-LA (umol/L) 60.62+2.16° 35.28+3.01" 30.58:+1.86" 51.68+2.39°
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®8 EHMI AR AT IR

Tab. 8 Effects of folium perillae leaf on immune and liver function of Andrias davidianus

5 IN7K P Additive level of perilla leaf

FEFrIndex

DO DI D2 D3
FETRE M IgM (ng/mL) 499.71+18.71° 572.55¢11.11° 846.24475.95° 720.82475.94°
—HMENO (ng/mL) 2.22+40.17° 1.92+0.17° 2.12+0.17° 3.73£0.17°
Bk B R BFAKP (U/L) 49.38+2.70° 29.02+0.13" 34.0742.00" 34.394+2.28"
R FEF BEAST (U/L) 31.03+1.22° 28.56+4.64" 23.062.08" 30.78+0.69"
BHRFEAMALT (U/L) 33.21+3.26° 32.05+3.43" 27.42+4331° 30.56+1.33"

2.8 LA KER AR BRI R I

[SER SRR e b N1 7y == 19821 11 B S s W )
BEL(TC) S EE T &S, fED3H I & /M
(P<0.05), DO [#1K37.45%; H il =(TG) & =
A A 2 7 AN B2 (P>0.05); i % i 2R A E ] A
(HDL-C) & & 25T G I ss, fED241 H 3 i K
fE(P<0.05), BDOA it 7 40.91%; K& ZRE A
JH[H BE(LDL-C) & & 256 M 5 FH i s, fED24H
Bl £ /M (P<0.05), BEDOALFEAR T 46.79%(F 9).

£ EFARAGAE R AL RIS

Tab. 9 Effects of perilla leaf on fat metabolism of Andrias
davidianus

KR IN/KF Additive level of perilla leaf
DO D1 D2 D3

EhrIndex

BIEETC 5 50.003° 2.1740.19° 2.1640.05° 1.6240.08"
(mmol/L)

i — it
TG 2775015 247:016 2526033 2.62+0.15
R I R
FHRERE 6 1300.00™ 0.10£0.01° 0.2240.02° 0.17+0.02°

HDL-C
(mmol/L)
ik i &
1 IE J
LDL-C
(mmol/L)

1.09£0.11° 0.74+0.06" 0.58+0.06" 0.63+0.06"

3 g
3.1 EPIHER T A KA SR E

7R SR AR P C & BRI AR R A 7
SRR 5, SRR AR KR g R
PLE T3S N R R A B R PR B 25
H 36 8 5 BB B L AE A . A SO0 s i 4%
SRS T A SE . 7E PR R i
R, T B R K [ R R B 1 R SR A
AR, BRI R 5. I ELBA % SR 5 e e 1
A7, AR FLLI B 22 b B k.

EIIL A E IR 4L DR B . B A
P i A % 2R BT g R LA fa
Tl e R A SR B R K K rh B R
AW, TR RACHLPRLIE I & B, o . AE
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PERILLA LEAVES CAN PROMOTE THE GROWTH AND SOME
PHYSIOLOGICAL FUNCTIONS OF CHINESE GIANT
SALAMANDER (ANDRIAS DAVIDIANUS)

XU Hang-Zhong', LI Wei-Long', LUO Li', CHEN Yong-Jun', LI Hong’,
ZHAI Xu-Liang’, XUE Yang’ and XIONG Lin’

(1. Key Laboratory of Freshwater Reproduction and Development, Ministry of Education; Key Laboratory of Fishery Science of
Chongqing; College of Fisheries, Southwest University, Chongqing 400715, China; 2. Chongqing Fishery Technology Promotion
Station, Chongqing 401121, China; 3. Fisheries Technical Extension State of Kaixian, Chongqing 405400, China)

Abstract: In order to study the biological effect of adding perilla leaves on giant salamander, four groups of isonitro-
gen and isolipid diets with graded levels of perilla leaves were formulated: DO (0), D1 (1%), D2 (2%) and D3 (3%).
Giant salamander with an initial weight of (54.23+0.26) g were fed for 105d. The results showed that (1) The final body
weight (FBW), weight gain rate (WGR), specific growth rate (SGR), and feed intake of giant salamander of group D2
were optimized, and the feed conversion ratio (FCR) was the lowest. (2) The muscle crude protein content of group D2
was the highest, which was significantly higher than that in the control group. The addition of perilla leaves had no sig-
nificant effect on the crude fat content and the moisture content. (3) The addition of perilla leaves significantly im-
proved gastrointestinal function with best activities of pepsin and H'-K'-ATPase in group D1, best Intestinal lipase,
Na'-K'-ATPase activity and intestinal barrier function in group D2, and best activities of intestinal trypsin and amylase
in group D3. (4) 2%, Perilla leaves significantly increased the total antioxidant capacity (T-AOC) and total superoxide
dismutase (T-SOD) activities in liver and intestine, and significantly reduced the plasma malondialdehyde (MDA) con-
tent. (5) The addition of perilla leaves improved immunity and liver function and significantly reduced the activities of
aspartate aminotransferase (AST), alanine transaminase (ALT) and alkaline phosphatase (AKP) in plasma. Immuno-
globulin M (IgM) and nitric oxide (NO) in groups D2 and D3 were increased significantly. (6) The indexes of high-
density lipoprotein cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C) in group D2 were the best.
The content of total cholesterol (TC) decreased with the increased perilla leaves, but the content of triglyceride (TG) did
not change significantly. These results indicated that the addition of 2% perilla leaves has the best comprehensive ef-
fect on improving growth performance and gastrointestinal and liver function of giant salamander.

Key words: Andrias davidianus; Perilla leaves; Growth performance; Gastrointestinal function; Liver function;
Immunity; Lipid metabolism
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