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2 M2 7k = X # (M onopterus albus) &£ <. B7iE
S B TE R BB 4y I A TR A L IS AR A S0

REC? BED ' AER ' g
BUEALY BEA s

(1. MR R R WA RO IR A TR ARD S L KV 410128;
2. KPR A S A A L WA 4150005 3. EERDABRAE KA 610041)

HWE AR B 3B K x4 (Monopterus albus) 4 K . 73 9 1k B v M RO vE A4 PR A L35 AR
W, o5 LAAT 4R E X (68.85+0.44) g #1(26.67+0.17) g th 2 M AE H 8 W TR £, KB
FRRE N 2.8%. 3.6%. 4.4%F0 52%% "% ; MBI EAER 3.0%. 4.0%. 5.0%. 6.0%F1 7.0%%
By BAMNCEAREIANEEL, KAEL S0 B/, NHBLA 100 B/, EEFLES6d, TRER
B, MAEREKTHNSE M, 2K ESENEE AL, HELUR 28B4 EHN T Z A
E(P<0.05), B2 #EAAEE THEY ., AAMEEEERRKTN 4.4%F0 5.2%0 H & £ 3K 5| &
BAKE, EL410E 2R B F(P>0.05); K AL & fig B B An Jk 2 A B G T A AR R KT B B An
£ E Fr 5 (P<0.05); A #A% 68 i 7 8 E b 4 (L ER(SOD)E M . R EB(TC)&ELABHE,
FHWZIRTG) & EE EA#S,; AMEEEELRAKT N 44%8, SOD 5 H B (LZM)JE Pk
B 41 18] 32 8 KT B A AR AT 3, N AR 6 i 1 R R A B OE M B A E(P<0.05); ¥ TG,
TC & &7, SOD EH KK, miFs &2 EAEEHE  BRRATFH 6%0, NHHEEH SOD
o LZM E ML ERE AT AFREA, YAABESEILERT N 4.4%., DA E 6 LE KT
H 5%—-6%H, kA KM B R ERA,

KEIR EeE; WRAKT; Ak BB fFEEAE LR

FESES S932  XEARIREE A XEHRS  2095-9869(2017)02-0114-07

TR ROKCE X IR S R AR R RE 2 . RIS LURI R, SR rr,
FH (R A, 2014)0, SEFCAOBMRKCF AT LSR8 TAUBPRHE A RE SRR, T B A SR R
AR PERE, dnl 32 mgh Ry s R (HEed sl ik, R T IRAE AR AR B A EOROK P e )
RESEA A, MR AR L ERITT, RES TR T, PEORIH ISR BTN o
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1) Qin X. The effects of feeding frequency and feeding level on growth performance and physiological function of juvenile
GIFT, Oreochromis niloticus. Master's Thesis of Guangxi University, 2014 [E %, $ZME SRR 475 & 2 AR 4l i A
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Wiz RAE: $RIRK T X 2 6% (Monopterus albus) A4 £ |

i T T AT P BT 0 LT A AR A B B 52 R 115

# i (Monopterus albus) 2 78 F 45747 1R /K S 1l 4
Trfadiz —, PIILR AN, Wi 638, YR32) R
WHMNE R, Ak, EEESRIE ARG, (HFR5H T
R, YRR R B I, R
RN, (R SR AT B, e R T e
RS SRIE 0 & et . BT, EEERR S e R A
U5 R DR DL B 4 A= 2% 25 5 T B 58 46 22 (i BRIl 5
2013; JERKHSE, 2011; BFEEA, 2015), A LB
TRVXof ¥ B (14) 5% Wi BIF 5 6 A 41 ASBIESE LA 2 FhoRAR
BN SIS, WA [ B AT X B g A 4 |
TE T A T AR 40 100 37 A B AR AR B A R, K9 2 Bl
FURS B B8 19 38 AR MR K, Sy B SR 5 0ok AR v A R Y
e Aok A5 MR AL — 5 A BRI AR T .

1 MEEAE
1.1 REHR

SZU6 T FH B 6 0 TR FE PR R B SR, DA
1.5 mx2.0 mx1.5 m B TCEE T R LIR MRS FRiEse, M
FENAMR K AEA: , 7 55 AR K IR 90% L - o S5 sl
RN SR A 1 1 FeBREAT BT A
b EERCARE 2 5 T AR AR A BR A ], A
EHE TN 43%, MBS RN 3%, 5558 4.5%.
FIE I T 2014 4E 8 A 20 H-10 H 20 HAIEWIEG A H
ETTVE A LI 61T, KR (28.0£3.4)°C, A E N
(6.4+0.6) mg/L,pH N 7.3+0.4 , A M ELE 0.1-0.3 mg/L
Z I, EAEFRERACTF 0.1 mg/L,

1.2 HEFEEEE

BOE IR AT CHE TN, HE SR W TR
SEEG ARG TR AR SE G o PRk MRS Y 5] | (A etk
[(68.85+0.44) g]. /N(26.67+0.17) g]ft) 2 FhiA% & i
RFRFEXT G, LR AN [E] A B 4 AR S AN Ab B
G, FKHAE EEE D HIFARTER 2.8%. 3.6%. 4.4%F0
5.2% %M, /NEIAK B B RIFEAR T B 3.0% . 4.0%.
5.0%. 6.0%F1 7.0%F M, B MEEARE 3 1T,
IR B 645 POAR TR 50 B, /INFIAR 454 I 4A ik
75100 B2, HAEME 1 ¥R(17:00-18:00), F5FH JEH K 56 d.

13 HmXESHERNE

131 #H&EiX%E FIHTLWEE NG, 15 24 h)5
PEATARE SRR o 10 AR IO 2 0 00 B R
A FIF 5 B &R BU(FCR) . B IE 3R (SR) Al I 1 K
(WGR); BRI BEHLEL 10 B2 B 00 17 58 i Bl o,
MFERAFET 10 ml TEELES, 4CHEIHR
J&, 3500 r/min B0 15 min, B SR, B T-80°C

VKFEPRAT , T IS8 bR 090 2 o Fl1 5 1 19 25 fi 57 B
Tk EiEfr i, A, 2 bR R A ) RN 3
i, HAMEKERE, HIEKETKS, 2%T
10 ml B4 H, B T80 CUkARRAE, HI T M LG
W . A, IR s E AT E, AT A
EE (HST)FIEAR L (VST o BEATL A BEFE TP Pkt 5 R o,
F20C AL, TR IE .
132 A Kk¥ireaiti TR ZBU(FCR) ., TG R
(SR). MEHE R (WGR). FF&HLHSDFMEA (VST
AT
SR(%)=100xN,/N,
WGR(%)=100x(W—Wj)/W,
FCR=W//(W,—W,,)
HSI(%)=100xW/W,
VSI(%)=100xW,/W,

K, W ST IWIRIATE (g), W, h i i

HRIKE (), We MEEER (), W, Aefif(g),
W, WAKEHE, W, NPILREE, W, FIFIEE(g),
W, AN BEE (g), No ASiimfa)inesh, N ohSimm
LRBE
1.3.3 A &Rk Ry e e S0 R Y H AR A
M 43 ¥t 2 % AOAC (Association of Official
Analytical Chemists). K S£804 40T 105 C1H IR ALA
b, R o, AR HRORLER 5 R
B ECE U 5 B PRI 7 7 iR A R R
O3MT s BES OSSR SRS 550 CRBE TR ETT
3T .
1.3.4 Wi K AL B 7 M Ae e vk 35 AR A9 LR
IR S A e e R A BRA A He i B Rk
HEFTRE S AL AR bRl o e A0 & . W16 TR AR 1 il
(PRS)(A080-2) . a- ¥ 4} Al (AMS)(CO16-1) . fI5 ifi
(LPS)(A054); IliL i S S A B {L i (T-SOD)(A001-1) |
W (LZM)(A050-1) . H il =g (TG)(A110-1) . J&
JIH & B (TC)(A111-1) L5 i 454 (GLU)(F006)

14 HIESZITSHH

SEIBOHE UL 2 {E A5 1 22 (MeantSD) R n, 3
843 M1 R AR SPSS 17.0 AT B R 22 5 i
(One-way ANOVA), H Duncan’s £ & A4 7] 25 57,
P<0.05 HZER 2%,

2 #R

2.1 AEHIRZKF X E 8 E KPR

P02 A R B L3R 1o AR
BRI, 2 ALK BRI E R L ODRL R R AR
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R R T R (P<0.05) . KHUAK 8 i 75 B K P8
4.0%. 5.0%M, HEHEATC W E 2 5 (P<0.05); /MK
WHE I R | R R A LR HEER R AKT N
7.0%HF# R B de i, b 2 v T R A KA
HEELE ALK 5.2%0F, AT B AR A He #0 s T
LA A AT 5 /NS o5 B8 JE A L R A b Bt 15 PR /K ST
TS FhEs s, BABTE 6.0%HE LK ST I3k 31 55t 2 1

2.2 A[EIZIRK T3 B EE K AR 5 O R

PR K ST %o 5 B A 1l 43 5 ) DL 2 4R MR KXo
2 FhRIAS 8 1Y) 4 fr K R S0 B oA 1 . 3 5 )
(P>0.05). R B BEA G 5 7 2t Bl 4% MK 7 i 18
SeTbE b, TEBEKE A 5.2%0F, A & & 8%
T HALLL (P<0.05); /INARAS B K AR 7 2 1k il 45 i
AR MR TR S, HA R 22 5508 535 (P>0.05);
2 iR B i R B 1 R AR MR KOT B T i R T R
B HARES K AR, ML A& B R T
MK F-4H (P<0.05) .

2.3 HR/KFEXEERGIEEVERNZI

P IKT %) v 5 i 38V AL Bl 2 i an % 3 T, AN
[ FE MR AKX 2 Tl M iy 18 A Il 00 A R 1 o
i ZE S, (F S 3 R e R U RN AR RS . RS
B i J Tl 17 1 B 4 MR KT (R 38 i B s e A, HAE
BN 4.4% . 52% (PRI ZF A RE P>0.05)
Aof 8 3 s T A 4 (P<0.05) 5 48 WA AR XS /N AR B
M i P V6 1 2 S PR R W (P>0.05) 0 2 PP RIAK 25
fi fizp 38 R P R P B AR MR KO 3E I 2 T E A, By
TTEFRMEIK - 5.2%F1 7.0%MHA 3RS, BEST
H AR 4 (P<0.05).

24 $RIR/KFEXEERR S I E £ IR A L IEERE R T

HER 4 AT, REUA BEEE I % SOD 1 MAEF
IR 2.8%F1 5. 2% i AR T HAL R R 2H (P<0.05),
/INFRUR BB 1L 3 SOD 1% PEAEBEME K E A 7.0% 2
T HALA A, HAEBRERAKT/NT 7%0 44113 SOD
M2 5 A 13 (P>0.05).

F1 ARFRKEXNEEEKH R

Tab.1 Effects of different feeding levels on the growth of M. albus

kg IR WiRHE AR E WMER R REE JHA EE kA L
Size  Feeding level(%) IBW(g) FBW(g) WGR(%) FCR SR(%) HIS(%) VSI(%)
J I 2.8 68.94£0.87  132.30.7° 90.8+1.3° 1.92+0.04" 85.3+3.1°  6.39+0.26° 15.930.75
Big size 3.6 68.66+0.25  133.7+2.5° 96.6+2.0° 2.17+0.04° 100.0+0.0°  6.81+0.34®® 16.04+0.76
4.4 69.08+0.28 139.37+4.2°  104.942.0° 2.50+0.00° 94.0+4.0°  6.46£0.26° 15.76+2.34

52 68.85+£0.45 141.743.0°  107.0£3.6° 2.87+£0.09° 96.7+1.2°® 7.03£0.24° 16.32+1.14
INAS 3.0 26.67£0.35 53.77+0.24° 101.6+1.4° 1.76+0.05% 95.3+4.5" 5.82+0.51° 16.03+0.82%
Small size 4.0 26.69+0.30  60.1620.26° 125.3£0.9¢ 1.89£0.00° 96.0£0.0°® 5.36£0.47° 15.07+0.76"
5.0 26.65+0.03  62.81£0.50° 135.6£1.7° 2.20+0.03° 94.7+0.6° 6.20£0.31**° 16.31£1.04%

6.0 26.73+0.15  68.30£0.07° 155.5+1.3° 2.27+0.02° 97.0+1.0°® 6.82+0.87 % 17.2440.36"

7.0 26.60£0.03  70.20£0.21* 163.9£1.0° 2.50+0.00° 99.0+1.0° 6.45+0.66* 16.79+1.18

T RP Al — AR R — S b AR B R 22 5 B3, P<0.05, TIA

Note: Within the same size and the same column, data with different letters indicated significant difference (P < 0.05). The

same as below

R 2 FERRK T E MR DB

Tab.2 Effects of different feeding levels on the body composition of M. albus

FLAR UK Kar KUK Y BN HEH
Size Feeding level (%) Moisture (%) Crude Ash (%) Crude lipid (%) Crude protein (%)
S AR 2.8 71.75+1.99 3.05+0.36 6.37+0.31° 17.21£0.06
Big size 3.6 71.46+1.06 2.69+0.28 6.9240.31% 17.18+0.12°
4.4 71.00+1.58 3.20+0.84 7.73+0.44% 17.44+0.02°
5.2 71.98+1.42 3.13£1.09 8.00+0.06° 16.98+0.00°
SNBLRS 3.0 71.39+0.48 3.81+1.55 7.19+0.67 17.290.34°
Small size 4.0 71.85£1.56 3.44+1.52 6.61£0.91 16.85+0.10%
5.0 71.41+0.56 2.954+0.77 7.07+£0.45 17.05+0.22?
6.0 71.07+0.34 2.56+0.08 7.58+0.53 16.92+0.16%
7.0 71.84+1.21 3.18+1.44 8.65£2.16 16.43+0.18°
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x 3 AEBEKEHEREHLEERNZM
Tab.3 Effects of different feeding levels on the intestinal digestive enzyme activity of M. albus

KM Size MK Feeding level (%) €M AMS (U/g prot) g/l LPS (U/g prot)  JEZE 1§ PRS (U/g prot)
FeHkE 2.8 0.10+0.01° 23.64+2.41° 29.23+0.36¢
Big size 3.6 0.09+0.00° 20.62+1.79° 38.65+2.18°

4.4 0.07+0.01° 34.45+3.58° 53.91+2.27°

5.2 0.09+0.00% 34.3743.43% 64.90+5.25°
JNEIAR 3.0 0.10:£0.00 31.5244.71 24.61+0.48°
Small size 4.0 0.09+0.01 31.18+1.52 59.14+1.38°

5.0 0.10+0.01 31.26+2.54 64.88+3.27"

6.0 0.10£0.01 26.97+1.07 89.15+9.36"

7.0 0.10:0.01 31.37+2.46 92.59+4.09°

R4 AEHRIRKTEX &6 I 5 £ I8 A IR R R0
Tab.4 Effects of different feeding levels on the physiological and biochemical serum indices of M. albus

FLHE MK AL B L T V5 T 1 i A Hh = b 1L ] ot
Size Feeding level (%) SOD (U/ml) LZM (pg/ml)  GLU (mmol/L) TG (mmol/L) TC (mmol/L)

KA 2.8 151.01+£7.33° 1.1120.06" 3.08+0.33 0.47+0.01° 3.55+0.19°
Big size 3.6 182.62+5.55° 1.18+0.00° 2.69+0.46 0.66+0.02° 4.15+0.33"
4.4 177.03+5.83% 2.35+0.10° 2.72+0.51 0.65+0.04 6.07+0.51°

5.2 154.01+9.19° 1.36+0.20° 2.71+0.13 0.70+0.02° 4.60+0.05"

JINEILA% 3.0 180.25+4.99° 0.80:£0.03° 2.13+0.04° 0.24+0.01° 3.72+0.68°
Small size 4.0 170.76210.45° 1.03%0.04° 2.10+0.13° 0.34+0.03° 4.26+0.17%
5.0 168.38+1.58° 0.82+0.02° 2.97+0.71° 0.340.00° 4.47+0.43%

6.0 173.09+6.31° 1.11£0.08° 2.65+0.45% 0.47+0.04 4.97£0.10°

7.0 152.84+13.13° 0.89:0.02° 2.48+0.13% 0.35+0.02° 4.87+0.39°

KAAS V8 8 LT LZM 1 PEAE AR MK 4.4% )
i T HABAS 4. (P<0.05) , /NS B 6 1 7 LZM 3%
P B 5 W KT 1 2 % S AR Ak, A e R R Dy
3.0%F1 6.0%HF Ik B AR R i . $RIKF-fek
TS v ke 1A 7 1 TG S R (P>0.05), /NKILA o fik
IWE 5 ot B AR PR S 3 SE T R R R AL, AR
5.0% M 35 B f B (B . KA B 65 100 H Il =5 (TG)
T R KR 2 LT, R KN
2. 8% B I 5 KRR B8 1l 37 AH 61 BE(TC) 7 i Bl 4%
RSP G IS THERE, TEBRAKT 3.6% M 15 3 i
s /NEURS EEEE I T TG A TC 7 2 Rl M /K SF-3 in
HEE TR, HARFERE MK 6.0% 0 1k Fl f i o

3 itig
3.1 BRBKEXNEEEKNEN

BEAKCFRE AR RN E RN RZ —
(FEZEUAE, 1990), TESIERHRIKFN, BEE B

AKAEE I, T2 A K B RE i o BL 3 S Bl 2 3
i, R A KRRt b 2 P2 E (R RS, 2012),
AR I, BESOROK P38 h0, S g R d A A e AR
KARER T NI B REAE BT < 7.0%0,
HARKSHEBEKFR2EMLKER, X558 K%
(2015) X B fif £ HE £ F1 X A2 A% 45 (2013) X K W) fifi
(Leiocassis longirostris)%l fafiff 57 45 AR . K HIAE 75
BEXERRE KR 4.4%-5 2% A K 29N 0%, Ui
KA B i AEBERKE R 4.4%BH B e =T HEC
2 R e R AR A . ESR R, A rh a4 ROk
PR G Ab 50 e (R 2RSS, 1989), fRDEHEE AL
RO B B AT R BT, HER R KA
ANRCRBEIIAE, 2000); 5 A K PR B 7K 13
T e A R (PR SE, 2001), AR BN, B
BHRMEAKERE N, 2 ALK SRR R BCAR W
=, XA] BE R AR R AT 38 R e i 2 o AR
FHEME AR, T 2R 0 fi 1 B A5 MK P 38 i i gk
A, NS A ARDRL H 38 5= 9 R FHRICR BRAIG, X
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2 )R 38 %

5% B4 2011) %5 Il g 1 (Myxocyprinus asiaticus)
ISR A5 R —3 . MR8 m ir, A8 1 far
INEE , 3 22 0 R W) 7 SRR 4H 2 b i 2 S B W kA 7
(Y YN B ek N TR N 111 R N ) R N T SRS S
Bon, YRBEEGRMRAKE- T 5.2%N0, /NS o 6
BWIIK- =T 6.0%00), BEEFFALL W EHm, 26
FLAG DT & it 2 T R 3, U ] B A v R RO R
et 8 f5 U 67 ey 0 R A R

32 WR/KFEXHEEGIEH L ERR T

OB ARG 5 P ECRIEIEAE, 1994) ., 4
KRBT 44, 2001). AR IREE(IAATSE, 2002), 1H
B EAE, 2003)5F KRB UIMC, ARS8 R W
TN, 2 P RRUAK Ak g R T R 1 e B A
AR5 b T3, X T BB h T Bl A R K1
T, S A i RN R ) 48 AR I T I A S 1)
it FEE AT AR IR, 5 B R LA (20 13) X R £ (Li za
haematocheila) [ 58 45 S AL . AR5 R0, BT e
3 B ) 0 A TR Y AR R TR TR (S0 58, 2007),
ZIVER NG, WhiE SE R 6 R TG 2 AR (B E R
4F,2013), AWFFEH, BEEE R BTG M A 2 2
FRCW, X T] BRSO B S R 2 B IR A B, XK
AW IR A — & W PR .,

3.3 #MRKEXEEEME AR ENIBRIZ I

I3 A BEAE AR A8 bR AE — 8 B b e B R Y
$E . RITIRERDL . B AP AL (SOD) AT LA bR
BUA AR = A A E A, By kPR Z 30 i
P B (LZM) T LAHE A 41 08 AL R A, TG R HL
RN AR S e R B BB R bR 2 — . WP R, Bl
BB TR, BRI Z 52 5 (F 28 5%,
2016), AWFFEH, KA B EELEBRAKT-R 4.4%0T
SOD Fil LZM {EPEERE 51 5 /INFLAK B i AR AR K -
4.0%H1 6.0%H, SOD F1 LZM T 1 #f b 75 %58 i /K -,
M T 6.0%/K -0, 2 Pl g 20w 2 1 G
(P<0.05). X U IR MR /K P sk oy sl sl AR 35 1] 5 M) 5 il
MR BEDIRE , 3X 0] BBt AR ROKOF T 8 3R 2
A R 5 50 B A A B AN A A KT R S A
2015), MKt En, SSSEUFZ8H, JEm

SEAREFLFE AT, 2014)7 . MBH(GLU)Z T
R () ELER R, B/ PR AR 20 . BRI . &
s aZm, . WL 5420 2 R A B
AIZE SR I H I = BE (TG) & — E R B T i
JF ARG RPIR L, 17T L [ P (TC) U 2 S 40 5 JIB TR
S [ R R SR S MY R AR, 585, TR . &
AR DA O (AR ORI AE, 2010). AR5, #%
WK ST, /NS B 5 1 7 GLU & i e s,
2 FPRIAK g TG, TC #RETH R, UMK
SO T HE i QI T BE

4 g

LR LRTIR, TEARSRAANET , R e fEBLR
I 4.4%0 HE R PERE IS BIEERIR S, T/ AL B
BETE BRI N 5%—6% I HAE KRR BRI
I, MR A K R T A B AR e bR, EESCORLRS BE g
W EABIRAKF T 4.4%, /NIUAR B 1S LR OK P
5.0%—-6.0%,

£ % X M
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Effects of Feeding Level on Growth, Intestinal Digestive EnzymesActivity
and Physiological and Biochemical Characteristics of Serum in
the Asian Swamp Eel (Monopterus albus)

CHEN Yunfei'?, PENG Huizhen"*', LIU Zhuangpengl’z, HU Yi1’2(1), LU Yihang3,

LI Zhaolin'?, ZHANG Dehong’

(1. Hunan Agricultural University, Hunan Engineering Technology Research Center of Featured Aquatic Resources
Utilization, Changsha 410128;
2. Collaborative Innovation Center for Efficient and Healthy Production of Fisheriesin Hunan Province, Changde 415000;
3. Tongwei Co., LTD, Chengdu 610041)

Abstract An 8-week feeding experiment was conducted to study the effects of different feeding
levels on growth performance, intestinal digestive enzyme activities and serum physiological and
biochemical indices of Asian swamp eel (Monopterus albus) at two different sizes [mean initial body
weight: big-size (68.85+£0.44 g) and small-size (26.67+0.17 g)]. There were four big-size groups which
had 4 feeding rates (2.8%, 3.6%, 4.4% and 3.6% body weight/day); And five small-size groups which had
5 feeding rates (3.0%, 4.0%, 5.0%, 6.0% and 7.0% body weight/day). The stocking densities were 50
fry/4500-litre tank of big-size groups and 100 fry/4500-litre tank of small-size groups. Each group had
three biological repeats. The results showed that with the increase of feeding levels for the two sizes of
swamp eel, the weight gain rate, feed coefficient, liver body rate, and content of fat in the whole fish were
significantly higher (P<0.05), but the content of protein in the whole fish had a decreasing tendency.
When the feeding level was 4.4% and 5.2% for big-size swamp eel, the weight gain rate reached a peak,
and there were no significant differences between the two groups. The activities of intestinal lipase and
trypsin were significantly increased (P<0.05) with the increase of feeding level; serum superoxide
dismutase (SOD) activity and total cholesterol (TC) content showed a trend from rise to decline; serum
triglycerides (TG) content was rising. When the feeding level was 4.4%, the activities of SOD and
lysozyme (LZM) reached the highest level among all the groups of big-size swamp eel. In pace with the
rising of feeding level for the small-size groups, intestinal trypsin activity was increased significantly
(P<0.05); the content of serum TG and TC rose gradually; the SOD activity was decreased; the content of
blood sugar had a fluctuated trend. Compared with other groups of small-size swamp eel, the activities of
SOD and LZM had higher standards when the feeding level was 6%. In conclusion, when the feeding
level were 4.4% for the big-size and 5%—6% for the small-size respectively, the growth performance of
swamp eel reached a better status.

Key words Monopterus albus, Feeding level; Growth; Intestinal digestive enzymes; Serum
physiological and biochemical indices
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