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Tab. 1 Formula and main nutrients of acclimated feed in the early
stage of the experiment

M H ltem Propotllﬂf)ﬂn (%)
JUkHngredient
&8 Peru fish meal 40.00
X A} Chicken mesl 18.00

R Y HE Vietnamese
pansa fish steak meal

2 W& F ) Gluten meal 6.00
B F0. 5 2 (%) Enzymatic

10.95

hydrolysis of fish pulp (wet) 3.00
AR ZE K Cassava meal 9.00
F>KCorn 3.70
1113 Fish oil 2.00
K& iiSoybean oil 2.00
IR — & #5Calcium dihydrogen phosphate 2.00
JIHV TR ¥4 (20%)Bile acid meal (20%) 0.05
W4 T Minral premix 0.60
74 Z TR R Vitamin premix 0.60
SALNETE(50%)Choline chloride 0.50
T £ 4 ZMicrocrystalline cellulose 1.60
FEEFE S (S fH)Main nutrients

(Measured value)

7K 43 Moisture 551
#1 £ 1 Crude protein 4936
HLAE i Crude lipid 9.88
#1 K /3 Crude ash 13.79

15d, FAIB3AER, HANER1S)E, L1270, HFE
TV R OK 27K 2 Bt [ SRR i O IR PR K IR B R
18 R FRFEHL(0.5 m*) T, 1F IR 5 i ] 24
15d, EYUHGRES TFaa e, BF RS 1K, B DR /K 5T
T, B BAR Y, KR (13+1)°C, WRAE =
6.0 mg/L, Z & &1 <0.50 mg/L, WHHR &= <
0.03 mg/L, pH 6.5—7.5.

1.3 HmXRE

Iy AESR L0, 3dy 6d. 9d. 12dA115d,
fFA AN E R BEHLIEIS E % H 50 mg/LIMS-
222 BRI, B} HE 5 1 mL— kM TG R S 2 AR R i
Jik A BRI, FH 2 FG 3 o 280 R (S e i b g, HAx
VR 7% 42 250 14500 r/min 50 1 0min i £ 1ML
FN IR EEH G, e N—-80°C VKA W ARAF, H T
I 22 AEACFR AR SE o Bl J 45 B 0K L A 71, B
P RS SRL PR, B FAE . . A 1 5
R, W EGERTIN-80 CUKAERAT % H . 185
T E AT, B 2UH%21:9 (g/mL)EL] 4 (g/mL) i A B
EhK, T N R o) A S R (AR I REAE VKoK
T, IS 0(4°C, 4000 t/min, 10min),
I35 AR B, 20 2847 T80 CUKAfR f H
1.4 1EFRNE

TEARTR b YRS 45 A5, HERA AR 5 %5 416%
R N R, TR A R R

JIEAA LR (Viscerosomatic index, VSI)=W,/ Wx100;

JH 44 Lt (Hepatosomatic index, HSI)=W,/ Wx100;

JIEL3# 2 (Condition factor, CF, g/em’)=W /BL’x100;
A, Wk s AR T () W, IR (g); Wik
FFIETE (g); BL A ffA K (cm).

JUL PR % B 7 143 K43 & el e R 105°C
HEAE 1192 (GB/T 6435-2006) HHL 5 A I & K 9l
PG 1ok B 28 00 5 ZU02:(GB/T 6432-1994). LG i)
SE R FHZR ICHIR(GB/T 6433-1994), FAK 4% H
550°CH5EE(GB/T 6438-1992).

I A AT A5 32 R F e 0l B AR ) TR
Pl A G AT o JLrh S N S (AL T) K HH 6t
LT 5 C009-1), 73 HiA 2 MiF(AST) K H L ik

B35 CO10-1), Bt o PR i (AKP) R H L a3 (%
51 A059-1), H il =Rl (TG) R H GPO-PAPHE(H: 5
A110-2), JH[EfE(TC) K F COD-PAPIL(HE 5 : Al11-
2), e B I £ 1 JE[E e (HDL-C) MMIG 3% 2 IR 32
JH [ BE(LDL-C)K H H L (55 o il M A112-2,
A113-2).

TH AT bR 35K F et AR ) TR S P AR
7 R e, e R R b Ak (B
A080-1); JiE R FMER FH S AR L 3252 55 A080-2);
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g TR FH LE 3 (B2 5 A0S4-1); R IR FH e
K-t Lt yk(52 5 CO16-1),

PUAAAL TR AR YR H R 5t AR ) AR 9T P
AT E, o S L RE 1(T-AOC): K H]
bk (Bt 50 A015-1); o AL B AL I (T-SOD)
KA FR (R 5 A001-1); TN [ (MDA) X HTBA
(55 A003-1),

JIE AR e bn 350 5K T LIk A R A PR
A F Elisaifk ST I o JFF AT PR W61 Ik 4 5 g -
1(CPT-1) M1 Z L4l AR AL BE(ACC) K FH i S %
W B (55543 I Y X-22445F . YX-22438F).

H-K'-ATPH§. Na -K -ATPHFI % ] g 5t
FSCAE ) TR 5 P i ) G ) )47 I (B 5
5351 9 A069-1F1A016-2).

1.5 #iEE

RG24 BT SPSS 22,006 Bl HEAT J7 25 5 MG
56 R LR ¥~ 77 2253 BT (One-way ANOVA, LSD), H
Tukey % T LU o0 M 201 0] 22 e S R, W38 0K
V- (P<0.05) . Hidli HI-F- 2 {E 45 #E 22 (mean+SD)
TEXER,

2 #R

21 RAKGER T EGEATLIB XS SR AR FR AU 2200
KR 6 LA B 25 5% i 05 1) 7 A4 F A
(P<0.05), 1l 1R] &N BEA UL IS TR 2K, BW .
CF. VSIFIHSIHS 5 30 5 1R B 34(P<0.05), {H
FREFEEA—. HLPBWLEYLH3d. 9dFl12dI
L5 R B, CFAEYLMROAIT 0 2 35 1 R B,
HSIMIVSIZRLE YL 6dIN &2 M T F#(P<0.05).
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M3—15dfR¥etesE, L% 2 H(P>0.05). NLAE
R & B MIAEYLHk6d. 9d. 12dF115d I T P&
4.00%. 4.10%. 4.63%F16.71% (P<0.05). WL
K ALYV SA N A ES 32 (P>0.05)
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Ig/ME, HDL-C & &= AR YLk 6dIN 25 T F%(P<0.05),
ZJEfRFrRe e, HENSIR PR FFIK. GLUfEYLH6d
I 2 ETH(P<0.05), SR 5 4ERE7E— 8 MK FIE
24 (RAGERTEEATUHEXT L sE DRV R2 N

PP 2 A 0, 8 P H K- A TP Y Bl )L Ek i
() e 3d BT, (H 50146 2. 35 % 5:(P>0.05),
3dJa EFFLL T BRI, 15dIN B3 T B2 R/
{H(P<0.05); B & A BgEMEAE3d 6diy I W35 Pk
TR (P<0.05), JE7E15dI B 3% Tk B 3 e /ME
(P<0.05), P4 A LI UG T B 88%M139%. 7EK 3
R 4 6500 R0 A ) BT AR TR IR
it A TR 9T P 0 ot L AR T ) i 2 A
G FA, TX I A4 I P IR R AR DL Sd I Ik 21 B
AME . T g TE RN ) S B 1) B A e AR AR
DU AT 3dTE B 5 1 22 5 (P>0.05), il Fida ) )5 %
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Fig. 1 The effects of short-term starvation on body weight (a), fatness (b), visceral-body ratio (c) and hepato-body ratio (d) of mandarin

fish under low water temperature
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Tab.2 The effect of short-term starvation on the muscle composition of mandarin fish under low water temperature (fresh matter basis)

FehiIndex (%) 4173 Group
DO D3 D6 D9 D12 D15
K43 Moisture 78.25+0.78" 79.35+0.39™ 79.58+0.44™ 79.53+0.5" 79.35+0.34% 79.97+0.44"
45 9 /i Crude protein 19.2340.13° 19.00+0.07° 18.46+0.17" 18.45+0.22" 18.340.35" 17.94+0.06"
FHAR Wi Crude lipid 1.47+0.08" 0.82+0.05" 0.79+0.06" 0.80:£0.05" 0.80+0.02° 0.75+0.01°
JK4¥Crude ash 1.20+0.02" 1.18+0.01° 1.16+0.04" 1.17+0.02° 1.21+0.02° 1.21+0.01°
; e fi 814 . 2.5 1EE7J<5%‘F%E,Hﬂ’ﬂ)l’iﬁi\‘fﬁlﬁﬁﬁfifﬂﬁ MELEED
‘55 = § sinls . EH% 3R], ARG AR, A AU 0T 5 P i
PR . Fa RS0 AL B8 ) K B8 Na K -ATPRGIE P A 0%
E—; 2} @Z S (P<0.05), B LK I ) £ ZE 4, 95T I T-AOC
X T a2l g, T-SODVE M H IS FTbJE T EEHR, 451
= ﬂ s E LR 6Q R 3AIT 35 BB AL, P # H4E DLIR15d
0 L ] o LW LL s B e NME . FFIEMDA®S H . 8 T-AOCH &
9 Qﬁ’o Qq S PP FIGOG® HFIT-SODiF 1 #B A YL i B G 12 25 1 22 A6.(P>0.05),
Ik} ] Time (d) I F| Time (d) FEYEREAE — 58 K0 L, ULk S I IEMDA S,

Bl 2 AR/KHRL TR LER 85 H K -ATPase(a) 1 1 £ 11 1
(b))

Fig.2 The effects of short-term starvation on H'-K'-ATPase (a)
and pepsin (b) in mandarin fish at low water temperature
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Fig. 3 The effects of short-term starvation at low water temperature
on intestinal trypsin (a) lipase (b) and amylase (c) of mandarin fish
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Fig. 4 The effects of short-term starvation on trypsin (a), lipase
(b) and amylase (c) in the pyloric blind sac of Mandarinfish at low

water temperature

i g T R (P<0.05), B 15di ik B B O, b
¥IUH0d I T+ 44.30%, 1 G HE T-AOC & A1 T-SOD
T MR D) 2 R B (P<0.05), 3 15d I T BE 5 H /)
fH. BEAN, BEMDAS AR YL A& 80 LT, $115d
I 35 M b T3 B K AK (P<0.05), TiiNa -K -ATP
il 3 1 ) AE LR 3d IR 6k =2 1T B (P<0.05), Z )5
FIYUH AT 12d 28 TG W 35 1 2 7 (P>0.05), HL 2L
15ditf, Na -K -ATPEG I P i 35 vk R B 31 f /ME (P<
0.05).
2.6 /KR T FEHAYLE ST ORAT BEAS B X S AU R M
M 4n] 50, TR A5 AF T, 155 B DL 5
JH G B A A 2 35 PR 5 (P<0.05) o Bl LR IR
V) FAD SE A, 050 P VAR T T 2 2 il S A PR 4,
EYLR3dIN 235 PE T R (P<0.05), 76 15d I i 35 PERE
K2 5/ ME(P<0.05) 0 LERAHEE AR AL BTG I 54K
PR LT EH FEYLHked i 2 % M L TH(P<0.05), 7
15dm 32 35 1 1T 21 5 KAE(P<0.05; 3% 5).
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Tab.3 The effect of short-term starvation on blood biochemical indexes of mandarin fish at low water temperature

2H 51| Group
A e DO D3 D6 D9 D12 D15
B RALT (U/L) 8.93£0.25"  5.20+0.71°  527+1.77°  8.38+0.75"  13.5742.86"  25.64+2.71°
B INEEEBEAST (U/L) 475£038"  3.04£030°  3.36+0.18" 6374125  13.13£1.23°  16.97+1.07°
BRPEBEFRREAKP (U/L) 2924026  246+0.06°  1.77x0.11°  1.25+0.20° 1.09£0.12"  0.89+0.23"
RSB EETC (mmol/L) 9244048  9.62+0.32°  8.92+0.34™  8.10+0.42% 7.94+0.22° 8.60+0.90"
HM =HETG (mmol/L) 0.43£0.03°  0.30£0.05°  0.19+0.01° 0.19+0.02" 0.21+0.01° 0.16+0.02"
TLE%B“E%%?EE' /’% e 0.79+0.09"  0.87+0.11%  0.62£0.03™  0.46+0.07°  0.67£0.07°  0.55+0.08"
0 5 I 2 11 JH B HDL-C (mmol/L) 0.29+0.02°  032£0.06°  0.21x0.01°  022+0.02°  0.22+0.03"  0.15£0.01"
IMFGLU (mmol/L) 3.93+0.19"  4.60£0.36"  6.70+0.67°  6.70+1.36° 593+048%  5.75+0.73%

® 4 RKETRAYIEX AT RS F LR S189R20

Tab. 4 The effects of short-term starvation at low water temperature on the antioxidant capacity of mandarin fish liver and gills

5 Hltem 47 Group
DO D3 D6 D9 D12 D15
JFHELiver
BEPUAMLEE S T-AOC (U/mg prot) 0.5240.01"  0.49+0.01° 0.73+0.07° 0.60£0.02"  0.42+0.06' 0.42+0.03"
ALY ARG SOD (U/mg prot)  240.71+4.35%  279.14+16.49°  263.42£10.99™ 229.31+524" 24220+11.67" 221.26£9.57"
P MDA (mmol/mg prot) 1.49+0.04' 1.45£0.16" 1.27+0.12" 1.71£0.12"  1.75£0.27" 2.1540.34"
HEGill
BPLEALAE S T-AOC (U/mg prot) 0.45+0.03"  0.47+0.03° 0.44+0.05" 0.39+0.03"  0.42+0.04" 0.37+0.03"
ALY LG SOD (Uimg prot)  24.94+0.62°  22.25+1.82%  23.06£1.50™  20.95:1.41° 21.93x0.16°  17.97+0.91°
A —BMDA (mmol/mg prot) 0.59+0.03" 0.65+0.03" 0.66+0.04™ 0.68+0.10"  0.65+0.03" 0.70+0.04°
Na'-K -ATPase (U/mg prot) 2.09+0.03° 1.83+0.12° 1.89+0.02" 1.90£0.11°  1.80+0.07" 1.64+0.07"
x5 RAKE TREEAYLE T SRAT B s B HE S B & E RN
Tab. 5 The effect of short-term starvation at low water temperature on liver lipid metabolism of mandarin fish
5 H ltem 4141 Group
DO D3 D6 D9 D12 D15

493.34+9.00°  477.38+10.36° 462.96:17.96™  444.12+13.69"  432.44+17.51°  419.21+9.65"
32.9940.49°  33.76£0.59°  34.58+0.35% 35.18+1.06™"  36.45+0.35% 37.05+0.50"

PR Wk B BECPT-1 (U/L)
LIRS ARLEEACC (U/L)
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PHYSIOLOGICAL DYNAMICS OF SHORT-TERM STARVATION IN
MANDARIN FISH (SINIPERCA CHUATSI) AT LOW
WATER TEMPERATURE

YU Jun-Qi', TAO Peng', ZHANG Hao-Di', LI Hong’, LI Hong-Qin’, LUO Hao’, LIU Tian-Ji’,
LIU Cong’, ZHENG Ke' and LUO Li'

(1. Key Laboratory of Freshwater Reproduction and Development, Ministry of Education, Key Laboratory of Aquatic Science of
Chonggqing, College of Fisheries, Southwest University, Chongqing 400715, China; 2. Chongqing Ecological Fishery Industry
Technology System, Chongqing Aquatic Technology Promotion Station, Chongging 400400, China; 3. Sichuan New Hope Liuhe
Technology Innovation Co. Ltd, Chengdu 610000, China; 4. Jiangxi Tianzhijia Biotechnology Co. Ltd, Nanchang 331700, China)

Abstract: In order to study the physiological dynamic change process of hungry mandarin fish under low water tempera-
ture, 270 mandarin fish with body weight of (84.13+0.14) g were selected and randomly divided into 6 groups with 3
replicates in each group and 15 fish in each replicate. The fish were starved for 0, 3d, 6d, 9d, 12d and 15d at low water
temperature of (13+1)°C. The relevant physiological and biochemical indexes were measured every three days. The re-
sults showed as follows: (1) With the extension of hunger time, the body weight, fullness, ratio of liver to body, ratio of
viscera to body, protein and fat content of muscle of mandarin fish decreased gradually. The body weight decreased by
a larger margin with a reduction of 3.03%, 3.82%, 5.55%, 7.68% and 8.39% after 3d, 6d, 9d, 12d and 15d of starvation,
respectively. (2) The activities of alanine aminotransferase and asoxal aminotransferase in the blood of mandarin fish
decreased first and then increased with the extension of starvation time, reaching the minimum value on the third day.
Blood glucose content increased significantly on the 6th day of starvation (£<0.05), and then remained in a certain
range. Alkaline phosphatase activity, triglyceride, total cholesterol and high density lipoprotein cholesterol contents
showed an overall decreasing trend. (3) The activities of pepsin, H'-K'-ATPase in stomach, trypsin and lipase in intes-
tinal tract and pyloric blind cyst of mandarin fish showed an overall decreasing trend with the extension of starvation
time, and all reached the minimum value on the 15th day of starvation, among which the decrease of H'-K'-ATPase
activity in stomach was the most significant. The activity of amylase was stable in early starvation period and de-
creased in late starvation period. (4) The antioxidant capacity of the liver of mandarin fish first increased and then de-
creased with the extension of starvation time, and reached the lowest value on the 15th day. The results indicate that the
short-term starvation of mandarin fish shows negative growth of body mass, slimming of body size and relatively smal-
ler of liver under low water temperature. During the first 3d of starvation, muscle fat was preferentially used for energy,
and muscle protein was preferentially used for energy in the later period. On the sixth day of starvation, the antioxidant
capacity of the liver of the mandarin fish was improved, but the digestive and antioxidant function of the mandarin fish
decreased significantly after prolonged starvation, and the feed inhibited the secretion of gastric acid, which may be re-
lated to the protection of gastric mucosa.

Key words: Low temperature; Short-term starvation; Physiological state; Siniperca chuatsi
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