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Tab. 1 Diet feed formula and major nutrients (air-dry basis, %)

Tji H Item fa 4 Fish group TR 4H Feed group
J5 Kl Ingredient
11 ¥ Fish meal 33.50
Al ¥ Meat meal 3.00
i F Casein 6.00
i Gelatin 6.00
A "
ggﬁiﬁrotein 17.00
[} Wheat flour 11.55
a—fﬁﬁﬂﬁﬁ‘i.ﬁ%ﬁ 11.00
a-Pregelatinized starch
il Soybean oil 2.80
s Aot g
—
aﬁaliﬂiwizhloride 040
FiiEAH Premix' 6.75
. 2
g%l%fﬂcarp meat’ 100.00
41T Total 100.00 100.00
B TR (S Nutrition composition (measured value)
7K 43 Moisture 76.75 11.37
12 19 Crude protein 18.03 49.37(55.70)"
HLRE W7 Crude lipid 4.11 6.83
F14% 4y Crude ash 1.05 10.02

L TRES T A HARFE4E: 2£100.0 mg; #15.0 mg;
£ 80.0 mg; £740.0 mg; 2.0 mg; 0.6 mg; %42.0 mg; 4EE KA
3000.0 1U; #EA4EED 2000.0 1U; 4E4KE 100.0 mg; 4i4: KK3
5.0 mg; 4EEEB110.0 mg; 442 B2 12.0 mg; MHfL100.0 mg;
4EE2B6 15.0 mg; ZERE550.0 mg; MR6.0 mg; 4EEZBI2
0.03 mg; AW 1.0 mg; 4EAEFRC 100.0 mg; 2. fi% i P2 % £ 1)
AT, DNE R, SR AINIER] 3. AT REEA

Note: 1. Premix provided per kg of diet: Fe 100.0 mg; Cu 5.0 mg;
Zn 80.0 mg; Mn 40.0 mg; 1 2.0 mg; Se 0.6 mg; Co 2.0 mg; vitamin
A 3000.0 IU; vitamin D 2000.0 1U; vitamin E 100.0 mg; vitamin
K35.0mg; vitamin B1 10.0 mg; vitamin B2 12.0 mg; niacin 100.0 mg;
vitamin B6 15.0 mg; calcium pantothenate 50.0 mg; folic acid 6.0 mg;
vitamin B12 0.03 mg; biotin 1.0 mg; vitamin C 100.0 mg; 2. Silver
carp meat is the meat part of fish, excluding the bones, scales and
internal organs of silver carp; 3. Air-dried protein

12 AFER

TR FH R 5 g B2 75 A4 I R T S R TR B 3
7 AN LT EEANME ., 7GR, Sk KR
LWRE1% N EERE BTG, EE NP FE LY
P o BENLIE PR AL . RS —3%(20.99+
0.15)gf K, 4y 2l HRINER, GNELE
8. IR KA TR T U r KR 2= b [ X
TN I KRB R G5 SRR T TE AR Y (A%
N: 70 cmx45 cmx17.5 cm, /KIS cm), /KIFE A RS
HKK. BERI1T:008ME 1R, 2h )5 K BRF &R
3 B 2 JE X R B0 K B R AT PR B — IR, SR S AR AR X8
R P 164 B 0 T A R R, IR AR I ) 92d .

PR K 50 1 A 2 P s A, WOE SR M3 d R 1
2d. BERFBEHIK K. TR LI, KR
22—25°C, VEfR4E>6.0 mg/L, A A & §<0.10 mg/L,
VAR £ & 5<0.10 mg/L, pHAE6.5—7.5,

1.3 HERE

TRIFRSLIG S5 W, KT B 3d e A E R 1) H
MR IR, HFAEKREEN ST, 0 E
B HEHLE B3 R K857 1 0.01% Ms-222 FR s, I & 14
Koo R AR T B AR CE UK B R, 5 e
FORFRE, JELRI T IEFR 8, BOE A2 B H LA
R Bk, H BT 43 25 1 2H 2Ol 5% NG R,
BE )5 4 1) B T80 °C VKA HH ARAT

FEFEAR I E /T, IR o [ ) oy i 0 B A
T8 R FI 3 R 2 9% o #21:9(g/mL) IR
FRER K, TR N 1 43 BUAS SR (S R AE UK
KR AT, e S I ES 0 (4°C, 4000 r/min,
10min), HX_F35 ¥, —80°C RA74 -

1.4 $EFRNIE

A K R FEARSE BRI SE : FRIE S S G, B E
3d, AR B A 2H R A o B R k) B AR
KIEbr, ttE AKX F:

1 5 %5 (Weight growth rate, WGR, %)=(W W/
Wx100;

558 4 K (Specific growth rate, SGR, %/d)=
100x(InW,—InW)/t

FE Y545 £ B (Feed intake, FI, g/ &)= W/N

1A%} 22 %1(Feed conversion rate, FCR)=W/ (W~
Wo);

T H TR # (Protein retention ratio, PRR, %) =
100x(W xBP,~W,xBP)/(FxP);

3 2 (Survival rate, SR, %)= N,/Nyx100
X, WK E (), Wy NEIRYIE (g); T
ISR Wl SR BRI (), NAf R
BP,. BP, /3l i 56 4 ik AR 2 1 o 7 i R 4%
KK A S 2 (%); FAFEHREN & (g); P
B A& 5(%); Ny MV RE(R); NAER
RE(RE)-

W RIUE IR I - R K R R AR AL
PR B 7 R4 SR T AOAC (1995)1” 7 vl .
Horbof & | R A & B B E M (GB/T 6432-
1994) kil FH i 195 > 2= IR 42 A (GB/T 6433-
1994)i 52 , 7K 43 % F 105 C AR IR HET12:(GB/T 6435-
2006) &, KK 5> K FH 5 3547 (GB/T 6438-1992)
550°C KB e

LR [ J53 B i A 1 R0 B Tk e i 2 1 ) e «
K F ke s i Oy v 0 BURE LAY R DNA
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RNAS &, JFiHHRNA/DNA. KIRE A S EET
6 F2 i 2 82 & B (GB/T 9695.23-2008) F 3 LA £
H11.07HE 1S

AR R E: BHEAMMH -K -
ATPRE, 7 25 (I IR 7 IR0 e B B s 1,
PUEILEE J1(T-AOC) BB 1L A (SOD) R A
TE(MDA) IR F e 5 R AR ) R 7T T AR R
(PR ) o B A 7 v
1.5 RSN

RIS EHE 5 R F e i 34 SPSS 22.000 ¥, 4
i B &K J5 22 50 M1 (One-way ANOVA)Z )&, %
Duncan’s% & iR, P<0.0SE/RERTEEH. BE
AL, B UL Y E AR ME 22 (Mean+SD) R 7R

2 #R

2.1 KEEKMEESERE

VNN ZE Rl AN ESTE 3 AN i
KMERE(R 2). TR B KREBIWGR. SGRAIPRR Y.
& T A AL(P<0.05), T AN AL I FCRTE &
FHEEF(P>0.05) % SLI6 A KR RS 5 M100%
22 KRBENEFRS

TN T 5 ARDRE B K 5 ) 4 R A 7y R
JHR i DR 2 1 5 3 v T L AL AH.(P<0.05), 1T 4 f5HH IR
TN INA N L TINA R R =gl = IR (A N A
(P<0.05), M50 A i) 48K > MO E E . LA
FE g 1 ) G 5 3 22 5 (P>0.05, 3% 3).
2.3 KREUHLEEM

PR A 1 A R ORI 2 e T RRLA,
T3 PRSI B 4L FA KH5 F H K- A TP I 1 AT i 11
R £ I T P A R Ry Bl O A TG

Fz 2 KEARAL S ARSI E KA FI A E

Tab. 2 Growth and feed utilization of giant salamander fed with
formula feed and silver carp meat

171 H Item fi ]2 Fish group 1Ak} 4HFeed group
YRR EIBW (g) 21.13+0.20 20.83+0.38
LK REHIEFBW (g) 45.95+4.02 54.03+3.07
BT RWGR (%) 103.97+5.95° 159.62+8.61°
Fi5E A K SGR (%/d) 0.86+0.06" 1.06£0.05°
B RFL (R, T35) 11.2540.58" 16.93+0.59"
TR REFCR (T3) 0.46+0.06 0.51+0.03
FEEARITIREPRR (%)  53.65+2.88° 75.3142.38°
T ZSR (%) 100 100

e R EAT R A EANE FRECE T RO ER AR
F(P>0.05), NF/NGFBRIRZ 7 3 (P<0.05); T [H

Note: Values in the same row with no superscripts or sharing
the same letter of superscripts indicate no significant differences
(P>0.05); wvalues with different letters of superscripts are
significantly different (P<0.05). The same applies below

FEF(P>0.05, £ 4).
24 KEBHAEHREKEE

TARLAE K KB HRNA . DNAFIRNA/DNA
FUAB 2. 35 e T f0 Y ZHL 1) R 85 (P<0.05, & TR 2),
2.5 KEFRFAEANBAEINE LRE

R Y KB F T-AOCHISODIE 1 & 35 &

R 3 KBURRE SRR FNEE & R 28R F0AN FILE R
Tab. 3 Whole body and muscle composition of giant salamander

fed with formula feed and silver carp meat (%)

Tl H Ttem £t P2 Fish group A%} Feed group
41t Whole-body
/K4 Moisture 82.51+0.54 81.2£0.91
1% F*Crude protein 72.72+0.32 73.84£1.75
LA 7 *Crude lipid 18.56£0.23° 17.5240.26"
FIR Sy *Ash 8.49+0.15" 10.66+0.43°
WA Muscle
/K4 Moisture 84.36+0.35" 83.4+0.18"
}H%E (4 *Crude protein 89.98+0.55" 85.63+0.61"
FHNE W5 *Crude lipid 5.83+0.48 5.93+1.04
1% P Skin
JB JF 2K 19 Collagen 5.31+0.17" 6.4340.15"

T R

Note: *. The content in dry matter

F 4 KEARE A AR S A R B IEH L EEE M
Tab. 4 Gastrointestinal digestive enzymes activity of giant sal-
amander fed with formula feed and silver carp meat

- —
5 B Item i RAHFish  kRlZH Feed
group group
B Stomach
& & 4 B Pepsin (U/mg prot) 47.08+1.30°  41.13+2.23"
H'-K -ATPE§ H-K -ATP
W ase 7.66+0.58  7.470.11

(U/mg prot)
i Intestine

fifi 55 A i Protease (U/mg prot)
g Wi Lipase (U/g prot)

516.77+49.59 491.68+5.06
186.08+49.02  200.66+16.54

JEN B Amylase (U/mg prot) 0.17+0.00 0.17+0.01
8r b
< 7 3 i
BB _ | ik
83E
rZ o 4
<
2% s 2
5=,
-
= 0
0
RNA DNA

1 RGN C & P AN i £ TR LY P RNA . DNA i
Fig. 1 Muscle RNA and DNA levels of giant salamander fed with
formula feed and silver carp meat
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T8 A 4H.(P<0.05); TalAeh 20 ) K A5 EMID A 55 2 1)
BT B N ZH.(P<0.05); T2 E6 20 K 65 14 fizy 1
T-AOC. SODIEHAMDA S &L &% % % (P>
0.05, % 5).

3 g
3.1 Fi&tAki ANt P Xt A8 A 6 B 5 AR
TR

BfF 50 R B, B A2 R B DAB P R TR N £
gt I B N TG ME SN, A KM 4] (Sludge
worms)~ K= (Water fleas). 7KL B L) RS, 1
R B LN fR L /N 7 DL i SRTT K
DAk, N T FR5HE R 25 1% A7 AH B R S & PRDRE, in b
KEGA SR, 1R, A, & 7 O sr ke,
FEAE 77 b L] MR 8 R B R KB Y . Oy
il PRAX o R 855, AR DR 2 A 25K 22 P IR £ 1t £ SR T
B PR IR R85 T 11 2R PR R Al b, (S 40 B
TR B IKE (Hermetia illucens) WU (Fly
maggots) KA (Bombyx moris) M E K Hi(Tenebrio
molitors))BEAT 1A ML, R B K85 0 H S & 308
g, TR IRANTAE 42 IR OR 85 7 75 SRS il i N T

3 r

- O fap4l b
52 B2 b =
_uE a

Se2y

B2 T

<E

2=

£5

B 2

=z

(=)

RNA/DNA

P 2 R B MC 5 AR A% £ PR PR UL A RN A/DNA LA
Fig. 2 Muscle RNA/DNA ratio of giant salamander fed with
formula feed and silver carp meat

*5 KBRIARE SRR E R ELEE
Tab. 5 Antioxidant capacity of giant salamander fed with formula
feed and silver carp meat

151 H Item i '?ri%giSh ﬁ*gfriﬁui eed
FFA¥Liver
MBEAAE/IT-AOC (U/mg)  2.43+0.01° 2.57+0.02°
N MDA (nmol/mg prot) 2.67+0.26" 1.1240.06"
ALY L BESOD (U/mL)  21.29+4.27" 38.79+0.71"
[ iE Intestine
HPEALEE IT-AOC (U/mg)  2.11+0.01 2.0£0.01
N MDA (nmol/mg prot) 5.21+0.47 5.03%1.61
ABE B ALEFSOD (U/mL)  91.94+3.94 91.99+1.19

A ERE A I ON I8 B Ry A H A B B A
WA & E AW IES R TR AR R IR
BHE KB WGR. SGRFIPER . 2 & T $5 W% £ P
(RO, . val Rk 2H 3 o R Bt N 2 S i 1 53.5%, 1t
BN LI & VR RF G K 4 i o AR K 1) 8 97 75
3K, ATORME SR T R ) B F AR . 245 R S K
1 545 (Micropterus salmoides)"> . KIEWE(Scoph-
thalmus maximus)m]\ % (Siniperca chuatsi Q xSini-
perca scherzeri )25 FR 5 A Fr P £ K (KR 90 45 SR
FEZE R XAAeS AR OC, 70t HoAth
JRRE A (1)AH He i £ ), N TG & PRI /S |
K E B REIHIAT EIENE 2 TV ot HEfil
N LA AR A U, )t & N LEA TR
KGR B8 AL BE TR, 3k T A4 BT 4F, 3 B 5
Fie JLAh, WASEAMFCRERE %R, H
FCRAG T — M FRIA IR (3R 2), XAl i 5 K & i
ANEF), WEHAKPAR, SRR R e T
A RAHFEAR G, Ut BN TG & Rk i) DAk 3 6 7%
fide €11 PR AH [R] PRI PEDR} % A K
3.2 FEL&fARAnEE f RXT K8 E 7R E R AV EL R

FehE R S R B R R B
VIR 2, o 8 AT 7 2 B f 2R ) PR BRI 77
I T O R ARG v AR VAR A K 5 4
FEL T F0g & AR T H50 M e £ DAY PR B850, 3 P B2 R
TR S Z R o &, AR TR A K R
W AR T AE, IS BIRENR I ROR . AN, 1R I
AWK 5 B 2w T AR A, U N TR A 1A
B KB EH R Z 0 R KRR ITCR S E R
iR o ARSI R I, A A ) RS PR AR ) 7K 43
FHEE B B R 2 v T DRL A, TR IG & T B
%5 S IZ(Gobiocypris rarus) '\ 87 T
(Paralichthys olivaceus)" " HF 78 25 AR, . 1245 5
7 AR B JiR DR AT R R — 7 T i 8 PR K 4 e, (R
KEGSEIE % KK 3, o — J7 TR i5 AR} AT BE B8
DR A BT 9 A AR R R IR 7 A R R R
W & g s b ™. Ga ks, N LR Ak
REAG 2050 K5 P PRI o

N TR R 5 iz v i) 1B iR B o M85 B o B
[160.66%, 1% L& Ji £ 0] fig B — LSfd A 3 ik
J5UER A Rk o e . T ELAF 9T 2 B K 6
o ¥ e S5 B I COLLAGEN L A Il A 28 4%
Tk ARSI R B, AR B KB R
R JF A B T A, TR R R K
Vi HE S OREAE IR IR & B K@ R, 52
AN Y Ve O N N W X f =
FRH R GE S, SRV Z SY4E4 R CRM B A ¥,
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e HEATLAA PR A0 sz I, A I 2 I AR o U B e A o )
SRS JEL R 1A B R R S R R R, AT AR HE K5
B IR I R A A
3.3 EARRIANGE A PRt KB B BE SIROEL B
ERERORELY MR AR UN ol B R g = W5

ARV E B A EER, 2 )5 Wi A S N
JEBOE AT I, AR R AR B WL g
E RS R, AN IR AR EE 1 i T A
TEACAE B AT A 2 Ve A, T T A B P 2 52 f 2
RIS WA R A IR Y ARSI R I, AR
R KT T P (R 1), {H A 4L K 5 1
EAMLESTRA. X he s KiiiEe
N THSA R N TE B 5 AT N E R
PEA G, BLFE S TR AT DL T H I B 9l S ok
T AR PO YRR T A, Bl I S A R TE AR A K
aE R KR R A S AR, N TG A R
RZ XY EA L EIE R T, £ — e
R S A R A ARSI R R I, B
s el AR B £, 1R) (4] K B850 1 g T A Bl P 3
S, Tt B RN T B e AR i PR (1) K5 i o )
fREE T R B K AL A B B PR A 4, e B
TN LG A Ak e S8 AL e £ A ek 37 AR ) T A
PE o eAh, 24N 0 4 AR e K v P T A — MR
1A, X AT RE S KA A R A s, T4k
TE A, X Ry SRR AL S R FH BE 1859 9%
3.4 FAFERANEE S AN K EQRAREE I
L%

1 R K S TR R Y B S B, R
J R FRURD R EE A 3G 0, P 7E SR IR 2 SUARFR i 3
. AR R 2 DU R AR R R . A
KM TR, LA DNA 2 & S I 20 ff ) A 2293 34
MR RNA S & ) [ i & BOE 2, TTIRNA/DNA
EU AR D)5 40 B 25, B BN 40 P 5 ol B 1 ) R
FRIE R DG, FLAE K= B AR S R A Y s AL A4 AR
WS B 1 2R K340 Buckley™ % K 7 VE 2 (1
WE 7T R BUULARNA/DNA LR 5 7B E 75K 7 f1
ARKBCREERERIEE R R R, AL R ER
R K BIDNA. RNA. RNA/DNA LL{H & 3%
et N AL N e i S A N g I B )
SRR, MR E AR A kR 7], BRI R
it A K R
35 ARSI KER IS L EE AIEEER

BT 1E 5 A T e, ik iy S AW =4 5 H
FRE A, MT-AOCHRIL 1 i R S M AL R G5t
Prx e § R HTADI RS 11, SODE A+ =
PR AEE 2 —, 7T LK S H 2 RN o T

AR AL . MDA R T S84k S B ) =8 AR
W, Hos Bk mT DA AT LA I i 52 31 H H 2
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COMPARATIVE EXPERIMENT ON FORMULATED DIET AND SILVER
CARP MEAT FOR GROWTH OF THE GIANT SALAMANDER
(ANDRIAS DAVIDIANUS)

ZHANG Hao-Di', WANG Shuang', LI Hong’, FENG Qi-Feng', CHEN Xiao-Chuan', LI Xue-Lian’,
LEI Deng-Hua’ and LUO Li'

(1. Key Laboratory of Freshwater Reproduction and Development, Ministry of Education; College of Fisheries, Southwest
University, Chongqing 400715, China; 2. Chongqing Fishery Technology Promotion Station, Chongqing
400000, China; 3. Fisheries Technical Extension Station of Kaizhou District,

Chongging 405400, China)

Abstract: To study the effects of formulated diet and silver carp meat on the growth, digestion and antioxidant capa-
city of the giant salamander, a total of 48 juveniles of giant salamanders with an initial body weight of (20.99+0.15) g
were randomly divided into 2 groups with 3 replicates, each containing 8 giant salamanders. These two groups fish
were fed artificial formulated diet (55.67% crude protein and 6.83% crude fat) and silver carp meat (18.03% crude pro-
tein and 4.11% crude fat) for 92 days. The results showed that: (1) the weight gain rate (WGR), specific growth rate
(SGR), protein deposition rate (PRR) and muscle protein synthesis ability of giant salamander in the feed group were
significantly higher than those in the fish meat group. There was no significant difference in feed coefficient (FCR) and
survival rate (SR) between two groups (P>0.05). (2) the contents of crude protein, skin collagen and crude ash in the
diet group were significantly higher than those in the fish meat group (P<0.05), while the contents of water, crude fat
and muscle crude fat and crude ash in the whole body were significantly lower than those in the fish meat group
(P<0.05). (3) the pepsinase activity of the giant salamander fed with silver carp meat was significantly higher than that
of the feed group (P<0.05), but there was no significant difference in H-K ATPase activity in stomach and digestive
enzyme activity in intestine between two groups (P>0.05). (4) total antioxidant capacity (T-AOC) and superoxide dis-
mutase (SOD) activity in the liver of the giant salamander fed with artificial formulated diet were significantly higher
than those of the fish meat group (P<0.05), while malondialdehyde (MDA) content in the liver was lower than that of
the fish meat group (P<0.05). There was no significant difference in intestinal antioxidant index between two groups (P>
0.05). These results indicated that artificial compound feed can improve giant salamander growth performance, the syn-
thesis of skin collagen and liver antioxidant capacity, suggesting that artificial formulated diet can replace fresh bait as
the main bait for the giant salamander.

Key words: Andrias davidianus; Formulated diet; Silver carp meat; Growth; Digestive enzymes; Antioxidation



