536 B 111
2012 4F 11 H

KoE R

JOURNAL OF FISHERIES OF CHINA

Vol.36, No.11
Nov., 2012

X EHS:1000-0615(2012)11-1731-08

DOI:10.3724/SP.J.1231.2012.27783

BRKENEREY & FBRAHENIEEEERHIFIERNF Y

FHN,

RER, £ It Kar”

(1. TURg KA ZFIR S A A B E W E S SLINE, TR 400715
2. FERIFYE K2 E B S5 RS0, ARSI E Y% H L=, HKK  401331)
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FiHEMRSH, FRET, SN EEAEA N BANHEERHRMRLT EE% £ 57, &
B, FBEXTHUERERBEHENE AR THRNEERT HAS; 0.5%F 1 %FEA K
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A JE i (Procypris rabaudi), X 4 &, SR8
it J& H (Cypriniformes), £} (Cyprinidae), [t il
J& (Procypris), J&—Fif J& F K7 b A
AEEIA] RS2 A0 20 St A T AN . R R SE
BIREE . ORI SRR, W RE T
B, B EEE AR, BT oK IR
2] S5 1O V) 0 2 A R A A SRR, S i e Y A Y
U H Ak, (PEPIGILEfEE)) hi
W HA 0 5 fa Rt B A R T S a A
) H 25, A IXIEfEZ A TR AT
FRoE S H T R A KO R A R R, 3%
A R H AN m & A, P E 2 TR
MUBIRFHMMET o HAT, A SR i Bl 2E 1)
2 IHALRE ST | E IR AT R A BT v O,
AHER ARG EPOC BYBFST M AR WL RE . AR 5L
55 DL R B S X 5, AR B AKX AR B
R EPOC AR EMm, AUA BT8R HAH
IR B AR AR Z R, [ N I RE A% O e I
RS 5 B8 A1 B 1) S 25 B
LRk
1.1 XWaEKKESYIZFE

SO R A o DR A ATy 1 T S D N K 7
FEHT, SCIHTAE % G IR K 95 58 2R G b LA 3 Jak i
hANECA TR R TR CRLBE T . oKk &4 . MR
H B AR 538 4r e il 7.540.5 . 37.1+1.2
35.2+0.9. 9.1x0.4), & KA L 2 K (9:00
17:00), Y5 4 J, YIFRK RS HI7E(25+0.5) C,
BEUKERT 6 mg/L, R iEBRGIOHE G
SER), AR ) PN SRR DI I 3 O ik, AN S
Kk FE Ry AR
1.2 SEENEIT

K FHRR B My U O foge e N 46 R 5
Bt F SN AR TS A RN, HR AR AR 5 SCEk ! AR
T4 S 50 e IR ST 1) R e R B K 2 R
JE Y 2%/ AT, YR AR 525G D3 e D
TR RT3 AR K (0.5% . 1%F
2% BT AR, REAEL N 7. TR 6 )
AR, DUREHEEME (0% &K, BEARE R 6 B)
VER AL SRAL XS B SRy T 25 52 B IR W T R X 5 i
SEARC = A s, BBEE T 1 AR
HEEAT R 6 ) Ml ixs B .

S T HFFE B X EPOC M52, B Je %) 525
£ ET TR E M GE MK 0%, FEAR R 6
J2 ) FHURR I 6 VW GE AT 2 51 2%, AEAS iR
o6 R)ALEE, SRIFRA S A R A, REH
S B 138 5 UET EPOC By,
1.3 XEiEEE5REEUE
SR FH # J K P S U 5 S 6 £ Y RE AR
2, AE AR FE AR . PRI AL IR E K
1) _E O —Aal IF g iR AL, AERFIRE S T
B0 IR P HEE AL . S0 B ORCE A E T I
(0.1 LYW . BRINEEHE—A28 [0 A
D PP 3 . SEe AR FE (R, mg Oo/h)H AR 24
RN
R =AO, xV (1)
K, AO, JZHEA SLIG g I W % FI AT S5 50 £
025 IR 5 Y 7 SR 25 (B (mg /L), V 2 AT S0 £
(4 P 28 7K 3 B (L/h) o SR T 3 B f R o et AN [
HRESAR = A R, DL 0.75 A i R BGEFE
AEREL N 1 kg (R FRED:
R'= (1/M)*7"xR )
K, ROMFRAEMAR T EACHPR, RE(D), M
R BT (kg)o
7 A A 7 A A% ( HQu40a, Hach Company, Lo-
veland, CO, USA)IAE o 7K It 3 B I = HH K 11
(7K %€ 100 mL 25 5 T 75 B[R] 315345 21 . 45
— ARG 2 IR () 0.66 L/h)7E 5256 o 75 b Bk
AARFFAE, WIRKRT 70 %R A mME, kg
R ARUG) 52 5 £ 1 A BRI A6
14 SKIGHRIE
BaRAAE  FFRRASE 24 h 5, ik
HR ST AR O L A B 1Y) 5 D i 4 £ [(12.93+
0.23) g, n=3317 I AFFI = N YI4E 24 h, A5
Iy FITESE KA 09:00, 15:00 FI 21:00 2 24
RAAFEAEZE, UL 3 AR IEE R LR
£ 1) i 1A 15] 2% ( resting metabolic rate , RMR) . #f
AL £ A 5 P BRCER 0 5 BRI (324
7% F R 2L R SRR IR, MS-222, 50 mg/L)AgK
IR 2 min () AR B] py 70008 2 00 285 Rt o),
FOOEAE R IE T L RE 1, SR J5 e & ar i
B A7 F B AL CIORLARRE L 1:1.5 A9 Fe 9 K 7 )
() 1 mL SEAR G 2% (Fedaidt Sk )48 101 W s 47 A S5 3
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0T T, A T R K ST B AR AT B
b3 B R A T BRI A E MR Sh VR A B, I B AT
fal e e vE N LR B P o B s L [l B
BAPEE I ARAE 2 min NSER. S AR 2 h
e 1 RFEECR, ESNE 30 he 2% B KP4
A 1RSI AR AR A RS IRR}, ORI
S A B I o DR, R AR X B
AEFRSTHRLH | 0.5 % . 1 Y%Al 2% B K -4 fe X kE
waR 6, 6, 7. THIG6 R,

EPOC # M & AR HR(13.3620.12) g,
n=1217EFEIR = N JIAk 24 h, PEFT R TE M (0%
VHE DR KT ) FITRR B0 0V W (2% T MRKF . AR AR
BN 6 ) FEHEMEZE RS 12 h gR4T 13832 shai it
R 22 (H DA b 2 R 3 R b SR AR
2% 3 /KA1 SDA WEAE I ] H BRAE 12 h 2 47),
I J e S 56 AR W 25 B3 B TR /K H (B 150
L, WL H 65 cm/s), FHFAWHEZ(2~3 min)fii
RS ER RS Srer) EX oL d e I 1 S e b & ]
R E S ey W N R SN AT Gr A VAN ERYAL |
W 1 IR PR IR S Y S 3 £ i BT % (0.1 L) A T
FEECRIIE G FRTE 15 s INSERY), I 5E i i
MIENT, 2,3, 4,.5,.6.7.8.9.10, 15,
20, 25, 30, 35, 40, 45, 50, 55, 60 min, I
W25 K IR BEE A 0.6 L/min, FRE S84,
TR 2 (R K ARLE 1 min P ED A& 46 99 %, LA
YHEf 25 2% S 6 A 1) B s s AR KF .

15 WS RGITHE

S FEORELLL T SO A R B AR E .
(DB IKF-( %body weight): i MEfa el g 5 £a
IRENE T, Q)RR ER(KkI/ke): LKt
BA R T T DR A ) T R R, PRI R
Tk e R T XRY-1B LA s, 45
HH(7.07£0.03 ) kI/g; 3)i (L F mg O,/(kg-h)]:
B2t 2R Ik 24 h, SRJF 43 HIAE 09:00 ., 15:00
1 21:00 BN B R S A P FE R, DLFIE
PR Jy Hf AR (4) R U {H (peak meta-
bolic rate, PMR)[mg O,/(kg-h)]: #EE i FE M
LB 1A 2 b 1 R KAEAE D AR (5)
W {E B3R Al (h): R B FCIIE(E B B A BHEL (6)
SDA Hf[al(h): MERRTT i B R ERRE R Y
L AR R T 2 P 22 S 6 G B ) K R
SDA H}[A]; (7) SDA SfERELE (kI/kg): i SDA Hf
() P 5 B A ARG S A 1 AR 22 22 FE ) )
(R 43 SR A5 45 2 B AR B B IO RE SR I, AR
S A MY 2 80(13.84 I/mg 0, ))HHFEFSEF] SDA
SFEREHL; (8) SDA F%( %): SDA G FERERE 4
A YIRE 0 Ll

19532 gh R AREHRRIE S 80 (D)iz shiif iR
[mg Oy/(kg-h)]: JI¥iz BT L5 fa I FE R, (2)
iEF RS [mg O,/(kg-h)]: SEUefaTE S RiE )
Je R R R i R RE SRR, 5 i A A
RETTHASE, A HE RAREER IR, Gl &

*1 FRAKENEREH&FERAHSENPMFEIRER)

Tab.1 Effect of meal size on several variables of postprandial metabolic response in P. rabaudi  mean* SE
5% JEHE VRS b3t I . TR .
sham feeding meal size groups ( % body weight)
parameters control control 05 ] 2
FEAKL  sample size 6 6 7 7 6
KJFift/g  body weight 13.10£0.67  13.33+0.61  12.44+0.28 12.90+0.56 12.98+0.58
1R/ [mg Oo/(kg-h)]  resting metabolic rate 49.50+2.60 48.96+1.13  47.83+1.45 47.30+2.09 48.21+3.04
B 7KFE/(%body weight) meal size — — 0.52+0.01°¢ 1.03+0.02° 2.00+0.01°
BERER % /(kI/kg) energy ingested — — 36.57+1.04° 72.99+1.17°  141.73+0.95"
SDA B}[a]/h  duration — — 16 20 24
IE{EITE]/h  time to peak metabolic rate — — 4.29+0.81° 6.57£0.95°  11.67£1.96"
P EREIIEE/ [mg Oy/(kgh)]  peak metabolic rate — — 61.98+4.07 60.68+3.02 68.22+2.97
SDA K FEREER/(kJ/kg) energy expended on SDA — — 4.55+1.46"° 5.61£1.72° 11.05+1.90°
SDA Z%(/% SDA coefficient — — 12.40+3.78 7.73+£2.34 7.81£1.35

1 SDA BIREEE S 1V R, B AR BEAS ] 1) W] — 47 45l 25 57 4 3 (P<0.05)

Notes: SDA represents specific dynamic action. Values in each row without a common superscript indicates a significant difference (P<0.05).
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ARE(mg Oykg): LI 7E J1 0K i8 ol Je Ik B 1t A
H A B A A R F8 Sl AR SR I 22 (AR R |
PRy, 5 A AN 0 2 JE AT ) i 22
ZHL (ORI [mg O,/(kg-h)]: B shC
W 5 iz S AT R 2208, (5) 8 sk B
[E](h): 713532 gk 52 i it vh AR e 1m1 v 31 502 8
AR 23R TG S 3 25 55 T 6 Iz Ay s ]

SIS KR ] EXCEL(2003)#E47 4 #1144 5,
JH SPSS 11.5 #AFHATRIR R Iy 2250, W25
B E 1T Duncan £ 8 H R G HE F 3
{Hbr iR, E KPR P<0.05,

2 2

21 BRKEXNERELSEFEREHZNE

S50 H A% 2 AT o R L AR AR AT
MR 2E (R 1); BT BV MRS HE 4 R Ak B ) R
Ah, HAK SR P B AR EME 2 h
J& N (P<0.05), WE{H I BIAEREMR S HY 4~12 h,
SRJE RUEPR BA BB T R RIE R R 1);
15015 4 R X PR 2 0 Ak o R 2 450 2 s i) 5 A AR
BERIEAT %, KBS EIE S LR EER,
& B AR 5236 v SR P 14D PR P ML A7 Ach 3 X A 25
R I A R

MR KM 0.5 %I E] 2%, SDA Hi[a]
FIGEAE B SR ] [F] 357 52 IS ke 4%, SDA B[] 43 1]
416,20 F1 24 h, WEAE FA A 5350 4.29.6.57
Ml 11.67 h (£ 1); £ EEKFANEEN

o]
(=]

T
DS i
—+-0.50%

=
S
T

metabolic rate
D
(=)

W
(=]

R/ [mg Oy/(kg'h)]
£

o
(=]

4 8 12 16 20 24 28 3
iE]/h time

Bl JBekEMEREDEFEREHERNZm (T
EEHREIR)
Fig.1 The postprandial metabolic response of
P. rabaudi after feeding with different meal sizes and
sham force-feeding (meanSE)

TG BEPEZE S, 0.5% . 1% 2% /K V-4
AIFR AR 43 51N 61.98, 60.68 F1 68.22 mg
O,/(kg-h); Bl %5 B £ 7K F- R 38, 5 I i 4 £ (1Y
SDA SFERELEIL FTHEH, H 0.5%F 1%& &
KA T EM T, (HEE/NT 2% E K
1 (P< 0.05); #HEAKFE4IH) SDA R E(%)2 [
TR FEES, 258 12.40, 7.73 F1 7.81(F 1),
22 EBEWERELSEHBIEHERGRAOZNE

BEHQWEEAKF)Z i %N 64.82
mg Oy/(kgh), 3 TAEE4[49.38 mg O,/(kgh)]
(P<0.05)(F% 2); HEHMEEEH BRI Sz
Fif5E 1~2 min KB KME, REREPR K
H R F 2 BTk (F 2); SRk s 5)
Jer R AR 4350 R 30 A1 45 mingHE £ 2 s s

R2 FRENMBA|EERENENBEHFERPRMNBEHREIERGRHBEIEHFE(y = at be ™ )EH
Tab.2 EPOC response in fasting and feeding P. rabaudi and variables in the equation y = a+bhe™ described the time
course of post-exercise oxygen consumption in fasting and feeding fish

% ¥{ parameters

AT (0%)  fasting group B 41(2%) feeding group

K& /g  body weight

FEEIKF-/(%body weight)  meal size

B FEM LR/ [mg O./(kg-h)]  pre-exercise metabolic rate
B4/ [mg O./(kg-h)]  peak post-exercise metabolic rate
RGP 5/ [mg O,/(kg-h)]  increment of metabolic rate
& B)JEPRIZ B} E]/min - duration

A EFEE/(mg Oykg)  EPOC magnitude

a

b

C

R?

P

13.35+0.18 13.3740.19
— 1.97+0.02
49.38+2.38° 64.82+1.73°
190.21+11.59 196.01+ 8.60
140.82+10.82 131.19+ 9.98
45 30
32.02+ 3.35 28.42+2.86
472+6.1 524+3.9
143.1+26.3 146.5+ 4.4
0.052 + 0.007 0.065 = 0.004
0.75 0.82
<0.001 <0.001

T EAR TR AR — 17 BB 22 5 (2. 25 (P<0.05)

Notes: Values in each row without a common superscript indicate a significant difference (P<0.05).
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L
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=
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BBl /min time

E2 ZEMBRERSTERESE
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Fig.2 EPOC response in fasting and feeding P. rabaudi
WAL AR e A AR A5 I 196.01,131.19
mg O,/(kg-h)Fl 28.42 mg Oy/kg, FEEE2H TG B
Z5(0rH1 190.21, 140.82 mg O,/(kg-h)Fl 32.02
mg O,/kg)(3R 2). J1832 315 A 3 R AT (] (1 ¢ 3R
A LA A LR 2 R A

y = a+ be™ ?3)
Krh, a KRBT E, b LR E, ¢
FEOR AR A 3 8 (c (BB R SRR PR A T3 R o
23 FEREB49H8MNEXRRBTEMMR)

S0 I A5 A A ) fa 1 de KA R 2
(196.01+8.60) mg O,/(kg-h), b H# kAL m
(3.96+0.15) % (K 3), HAX KN FTFHRE B
KT e KB K21 0 48 2 QT 5 B (64.82+
1.73 mg O,/(kg-h))FIEAE H £ (1.3140.05) (P<0.05)
3 e
31 BRAKENERELEFRAENZME

R R, MEHRESKENER, 2803k
) PMR 55 (55 #5)SDA I [a] 23 52 BLIEG fin ke 54 L 2
FERESE N AT RS20, Bl S KSE RS,
J7fifi(Silurus meridionalis)f) PMR #1 SDA H [A] 4R
WEEG N, XA R TR S R, &R
A ) B 0 R R P sl A T g
(Carassius auratus){{{V i+ PMR (142 55 e 2
FRIHRE RESE I f9 75 2R P, B 58 # R i A3 F T %
e M A, S RO . SR
5 FIHREIANE], YER KN 0.5%IG M E] 2%,
A ARL) . SDA B[] g 2 M (A 16 h 38 fn 2]
24 h), 1fii PMR FJC i E (R 1), BRI,
o RS AN G 3 A 9 A B T ke it A2 T AL AR RE 1

250 15.0

»
S

200+

e
<

vy
(=)
R EFHER
factorial metabolic scope

W
S
—
(=]

FR#F/[mg O,/(kg'h)]
metabolic rate
g

| b
a
0 ﬂ ﬂ J 0.0
RMR PMR MMR PMR/RMR MMR/RMR

(@ (®)

3 EHREFHLIARBERMR), RXFRRBIEE
(PMR)M &R KEZH IR E(MMR)(a) & & R EEF ARG
EFHERPMR/RMR)FIEE K 5 _EFH 52
(MMR/RMR)(b)

HEIB I L (AN TR] 5B 37 22 5 1.3 (P<0.05) CHE b i) . *R

7R PMR/RMR Fl MMR/RMR 2 [f1] 22 5 i3 % (P<0.05) »
Fig.3 Resting metabolic rate, peak metabolic rate and
maximum metabolic rate of P. rabaudi(a) and
the factorial metabolic scope (PMR/RMR and
MMR/RMR) of P. rabaudi (b)

Bars without a common letter indicate a significant difference
(P<0.05). * denotes a significant difference in values between

MMR/RMR and PMR/RMR (P<0.05)

IR, BRI AR R0 . Iz S R AL
1 BV Fe KRB K (2 2%) AR, XAl fE S
AP A KR 1 IR

Sk sh WAL, #3500 SDA REUE/N,
—BAE 9 %~19 % . EAR/DEfa IS SDA REL
B 25 45 KT R 3R i SR A ] 0 A8 Al i 402200
fHJZ, 125 SDA MRERIHFE STHML B St 2Lk
PEASE, TEARIRIEEE KT SDA R %M
22 U520 AR R B, BEEKE N 0.5%38 i £
2%, IR ERA ) SDA REH LB F k2R
32 BaEXEERtELYEHIBIEHEREZNE

AR HE EI, SRERE T AIEE g )E 1R
R ARAE S TG BRI A 2T o T 4R R
HRE A TE , AHRT I BR %) 4 6 F 2 £4 (Ctenophar-
yngodon idellus)iz sl Hi L (R #E LA | 12
S U N Z B J5 A R AR 2 R TS Bl AR
hyiR 2% 1y B IG5 i £f1 (Pelteobagrus fulvidraco) il
7 T, Rl A DR Ry T R R £ 2 HL A AR
TEIAFINTF IR R G DI fE, fie i 5T bR b 46 HRURN 43 i 4
o W 5PLE 4 Mary i, LA
RET, AR #EL) 0z Z a2 Fz sl s A
VAR AT TR RN R e, (H vy T FL EQ B S0 Rl g
fif;, 122 JFPRIE A (¢ ()R T/ Jr (3 3).
UEBH, 5 IR AR £ 1)1 s AR T R B S5 T
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Tab.3 The pre-exercise metabolic rate, peak post-exercise metabolic rate and recovery rate of some fasting fish species

- - N e
* " PO S TINS5
% Kie R g Okt /[me O(kerh)) it Xk
specie temperature body weight (6bo y welg 9 pre-exercise meta- peak post-exercise (c18) reference
1 size . : te
mea bolic rate metabolic rate recovery ra
i
ﬁé.ﬁ.j . 25.0 16.4 0 42.2 127.1 0.035 [7]
S. meridionalis
LR HHifa
tLEE/.\% 25.0 6.0 0 44.0 166.5 0.162 [7]
P. fulvidraco
il
25.0 6.1 0 69.8 294.3 0.519 [7]
C. auratus
® & 25.0 7.4 0 56.2 303.4 0.243 7
C. idellus ’ ’ : : . (7]
E=y /A .
P. rabaudi 25.0 13.4 0 49.4 196.0 0.052 this paper
BRAU MR 2, XA RE S S S ST A KR TR, A R AR R s

JEC R 11 4 PRI A 36 2] AT

T XHZ BlfE 1 B 5 S AR
YA, @ w250 PMR B0k, X HizshfE
(R A, 23 K . P Bl A B KB 7K, PMR
5 MMR 7e 50l EARIE, ¥29°8 RMR 1 4 £
BEWE LT a8 & A A E I [(PMR . -
RMR)/(MMR - RMR)ZJ 4 100%], - H. PMR figfg4F
SRACKITIA] . AN, B LI S vk B A e
AR TS S EOLZ ShRE ) B E R LT, X
A g e T A T W e B, = K, SR
PR ECE A B R BT A Y AR TR S, BRI,
AN BN 2 AHE A Tl R e AR
Wahl M T RIS, LRSI A PMR ik
T MMR, HABREAHAL S FLEASHE Y 40% 4
47, PMR [RIFEBEAS RFE R et 1] PO, (E, FEdRR
PR /KE T LIl Sl vk o B 2o R SR o
TR, BNEEE XA E ML EE SR i E R
M7, W, T A Bk — A I Sl B G B
S RERNE I 5 HIEAR, TRE S AR EY
ZANTF BT S T AT S A I A e, Ak
T R B, A5 ERS 1 PMR/RMR Ay HCAE I S/
F MMR/RMR(Z3 514 1.31 1 3.96)(& 3), a4
WA AR Y 10% 4547, PMR L EERS
FREAC I (10 h Z24)( 1) I6Ah, s
AT A IR A £ 132 Sl AR I (B R 3 R RE SUAT
TR EEES . RILRR, B RAA AR
&)yt A R G Slis s R RE ) . X S R
F 5% 45 AL, =8 2 I PR ] R R 1 AR s g

FrAE PR, X — A B R o A
WD, R AL 72 R iz Bl fE
J1, AT REATF T RO AR A, R A A

FE.
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Effect of meal size on postprandial metabolic response and excess
post-exercise oxygen consumption in juvenile rock carp (Procypris rabaudi)

LI Xiu-ming'?, CHEN Chang-rui', WU Chuan', FU Shi-jian?, ZHANG Yao-guang'"

(1. Key Laboratory of Freshwater Fish Reproduction and Development, Ministry of Education, Southwest University, Chongging 400715, China;
2. Laboratory of Evolutionary Physiology and Behaviour, Key Laboratory of Animal Biology,
Chongging Normal University, Chongging 401331, China)

Abstract: To investigate the effect of meal size on postprandial metabolic response and excess
post-exercise oxygen consumption (EPOC) in juvenile rock carp (Procypris rabaudi)[( 13.05+£0.17) g,
n=44], experimental fish were lightly anaesthetized and force-fed with compound feed (meal sizes: 0%,
0.5%, 1% and 2% body weight) at (25 £0.5)°C. After diet offered, oxygen consumption rates at different
intervals were measured. Variables of postprandial metabolic and EPOC responses were calculated. The
results of present study showed that resting metabolic rates (RMR) were not significantly different among
all groups. The postprandial metabolic rate first increased and then slowly decreased to pre-fed level. The
time to peak metabolic rate and the energy expended on Specific dynamic action (SDA) in 0.5% and 1%
meal size groups were lower than that of 2% meal size group (P<0.05). The peak metabolic rates (PMR)
and the SDA coefficients were not significantly different among 0.5%, 1% and 2% meal size groups.
Pre-exercise metabolic rate in feeding group was significantly higher than that of fasting group (P<0.05).
Peak post-exercise metabolic rate, metabolic rate increment and excess post-exercise oxygen consumption
magnitude were not significantly different between feeding group and fasting group. The maximum meta-
bolic rate (MMR) and MMR/RMR were significantly higher than PMR and PMR/RMR (P<0.05). The fish
fulfilled the increased energy demand during digestive process by means of prolonged SDA duration with
the increase of meal size. EPOC was not influenced by feeding in the fish.

Key words: Procypris rabaudi; specific dynamic action; excess post-exercise oxygen consumption;

force-feeding sizes; metabolic rate
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